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ABSTRACT

The devel opnent of a practical binder treatnent process in the
|ate 1980's has since led to the commercialization of several new
prem x technol ogi es that have had a major inpact on P/ M
conpetitiveness. To date, a great deal has been witten about

t hese technol ogi es. However, until now, there has been little to
suggest that they are inherently interrelated by a common
approach, or that this approach has untapped potential for stil
newer and better technologies. In addition, it also happens that
in spite of all that has been witten on the existing

technol ogies, there is nothing that serves as a conprehensive
single source of information on all of them Consequently, the
pur pose of the present paper is to docunent the indicated
approach as well as to present a summary description of each of
the technol ogies conplete with one or nore production case

hi stories of recent origin. The aimof the latter is to present

di scrimnating up-to-date exanples of general interest as well as
to highlight one or nore of the various advantages of the
associ at ed t echnol ogy.

| NTRODUCTI ON

The P/ Mindustry has pursued many chal |l enges over the last 15
years to nmake the technol ogy nore conpetitive with other netal
form ng and pol yner technol ogies. Productivity, conpressibility,
scrap rates, tolerances, perfornmance and environnental
enhancenents continue to be the focus of the industry's research
and devel opnent community. It has been this dedication to
chal I enging and reinventing P/Mtechnol ogy that has made the
industry grow at a faster rate than any other netal formng
endeavor.

Successful penetration into high volunme critical autonotive
products has hel ped the industry to nove quickly to devel op the
val ue image required to support further devel opnent
opportunities. A uniquely close working relationship between the



desi gn and engi neering teans of the powder nmanufacturer, the part
fabricator and the end user has been the key to advancing the use
of netal powders.

Many opportunities lie ahead for future gromh in the usage of
P/ M technol ogy in tonorrow s engi neered products. Hi gh strength
castings, precision gears, stainless steel exhaust conponents,
and P/ M connecting rods are achi evable targets as new advances
continue to overcone the challenges to P/ M conpetitiveness.

One of the mmjor technol ogi cal avenues that has been providing
answers to many of the questions these challenges raise is binder
treat ment processing. Accordingly, the devel opnment of practical
met hods to binder treat prem xes conmbined with research | eading
to a better understanding of both |ubricants and conpaction has
resulted in significant advances in P/Mparts naking capabilities
within the last 10 years. The | eadi ng technol ogi es incorporating
t hese advances are commonly known to the industry under the trade
names: ANCORBOND® ANCORDENSE®, and ANCORM X™ Ancor ®GS- 6000)'". Al |
are patented products and/or processes of the Hoeganaes
Corporation, [1, 2, 3].

These material processes and the resultant products were

devel oped in an effort to provide solutions to custoner
identified weaknesses in the conpaction system The principal aim
of the binder treatnent process is to optimze the utilization of
the typically fine adm x ingredients by limting their inherent
dusting and segregation characteristics. In addition to all oy
honmogeneity, an equally inportant focus was to maxim ze the
powder flow and die filling characteristics of the resultant

m xes so as to provide better weight control and inproved

di mensi onal tol erances after both pressing and sintering.

| nproved conpressibility, reduced ejection forces and inproved
productivity were al so considered at various stages of the design
process.

The research leading to binder treated materi als enpl oyed an
essentially cross disciplinary approach that included several

di fferent engi neering branches. In particular, the practical
solutions to devel oping this new technol ogy were a result of
appl ying the various nethods and resources of the netallurgical,
chem cal process, and organic chem stry sciences. Binders,

| ubricants and traditional netal powders were conbined with
chem cal, nechanical and thermal processes to produce systens
capabl e of being utilized within the constraints of conventional
P/ M equi pnent and processi ng.

The conbi nation of the cross disciplinary approach and the
deci sive parts-making success of the resulting technologies is
considered to define what is in essence a new paradigmin prem x



research. Actually, the potential of the cross disciplinary
approach was recognized as a rich new area of exploration early
in the work that led to the ANCORBOND process. Virtually fromthe
outset it was evident that many of the organic materials that
were being investigated as binders were capabl e of producing
effects other than sinple bonding. O course, during this early
stage, many of the effects were nodest and in a few cases,
negative. Nevertheless, it was clear that given a better
under st andi ng of both the materials and their behavior,
significant opportunities to devel op new solutions to old

probl ens exi sted. Subsequently, as this understandi ng grew, new
insights into the basic nmechanisnms that affect virtually every
prem x property of interest as well as nunmerous new i deas for
mani pul ati ng themto achi eve the desired inprovenents arose.
Eventually, as its turned out, the nodel of the prem x that has
evolved is one in which the organic additives and to a | esser
extent the manner of their addition have cone to be regarded as
the principal determ nants of the behavior of the resultant m x.

TECHNOLOGY REVI EW

In what follows, each of the three ngjor technol ogi es that have
so far been derived fromthis paradigmare reviewed and recent
case histories that are illustrative of each are presented. The
latter include: five ANCORBOND, four ANCORDENSE, and one Ancor
GS- 6000 exanpl es. Each was submitted in response to an open
request to the P/Mindustry for contributions to this paper.

ANCORBOND TECHNOLOGY

ANCORBOND i s basically a binder treatnent technol ogy that
conbines a purely chem cal process step with traditional m xing
to produce so-call ed bonded prem xes. The chem cal step nentioned
i nvol ves sol vent dispersal and evaporative deposition of one or
nore organic materials as bonding agents. The primary objective,
of course, is to bond the ultra-fine alloy additives that are
enployed in premxing to the larger particles of the base powder.
The ultinate aimbeing to limt dem xi ng due to segregation

and/ or dusting during subsequent handling and part manufacturing.

The ANCORBOND process results in inprovenents in just about every
parts production performance criterion of practical interest. The
early devel opnent studies indicated exceptional inprovenents in
flow and all oy dusting resistance as well as statistically
significant inprovenents in weight control and di nensi onal
stability. The significant effects of the treatnment on powder
flow, for exanple, are illustrated in Figure 1. Concurrent
variability reductions in sintered nmechanical properties

i ndi cat ed acconpanyi ng i nprovenents in conpositional honobgeneity
[4, 5, 6, 7]. Subsequently, experience derived during



comercialization of the process not only confirnmed these

i ndi cations but showed that the superior flow characteristics and
t he i nherent consi stency of bonded m xes al so gave rise to
significant productivity inprovenents. These were manifested in
several ways including principally increased pressing rates,
decreased frequenci es of press adjustnents and decreased scrap
rates [8].

Early Iimtations of bonded m xes conpared wth conventionally
processed m xes included generally higher apparent densities and
| ower green densities at pressures in excess of about 40 tsi.
Conti nuing i nprovenents of the technology since its inception,
however, have all but elimnated the apparent density differences
and have conpletely reversed the situation on conpressibility.

Current bonded m xes still tend to exhibit slightly higher
apparent densities than conventional m xes but can, if necessary
for retrofit applications involving fixed fill dies, be nade to

essentially the sanme apparent densities [9]. Mre significantly,
when conpared with conventional m xes, current bonded m xes

exhi bit roughly equi val ent conpacted densities at |ow to noderate
pressures and substantially increased densities at high pressures
[ 10] . For exanpl e, depending on conposition, density increases of
up to 0.10 g/cn? are not unconmmon at compaction pressures in the
range of 40 to 50 tsi.
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Figure 1. Flow fill characteristics of conventional and ANCORBOND
prem xes. ANCORBOND processing inproves flow rate, fill
uniformty and reduces dusting/segregation.

Bonded m xes al so have beneficial effects on working conditions
and general plant cleanliness. This particular feature derives
fromtheir better dust resistance conpared with conventionally
processed m xes. Quantitatively, the dust resistance property
measures the resistance that a mx offers to adm xed al | oy
dusting | osses when submtted to nitrogen elutriation under
standard conditions of flowrate and time [4]. Qualitatively, it
reflects the ability of the mx to resist dusting. In general,
bonded m xes exhibit dust resistance values that are three to
five times higher than those of conventionally processed m xes.
Consequent |y, under actual parts making conditions, they effect
substantial reductions in the airborne concentrations of
respirabl e nui sance dusts [11]. This particular result is shown
below in Figure 2 as reproduced fromthe original study. The
result of these inprovenents is not only a better working



envi ronnment but noticeably reduced housekeepi ng requirenments as
wel | .
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Figure 2: Respirable Dust In Wrk Area for a Conventional Prem x
and an ANCORBOND
Prem x.

ANCORDENSE TECHNCLOGY

ANCCORDENSE or warm conpaction technology, as it is otherw se
known, permts the production of high density parts in a single
conpaction step [12,13,14 ,15]. Like ANCORBOND, this technol ogy
is the product of the convergence of basically differing

di sci plines. For exanple, it not only enploys the sane basic

bi nder treatnent processing as the latter but adds a speci al

bi nder -1 ubricant systemthat was engi neered on the basis of
nodern organi c chem stry concepts to produce m xes that wll
provi de enhanced performance at noderately el evated tenperatures.
The aim in this case, being to take advantage of the
significantly increased densities and/or |ower conpaction
pressures that are attainable at such tenperatures. Thus, as
suggested at the outset, its use requires a warm conpaction step
that entails heating both the powder and the tools to
tenperatures in the range of 130° to 150°C (260° to 300°F).



Since alnost all properties including strength and nmagnetic
performance increase with increasing density, the ultimte ai m of
the technology is to provide a relatively econom c neans to
produce parts with inproved properties. Thus, the densities that
are achieved rival those attainable with either the double press
and doubl e sinter (DPDS) or the copper infiltration nethods but
at substantial cost advantages as indicated in Figure 3, [12]. In
addition, the technol ogy offers significantly enhanced green
strengths as well as many of the sane parts maki ng advant ages of
t he ANCORBOND t echnol ogy.

7.80
Powder
Forging
760
740
A ANCORDENSE Double Press/
E Double Sinter
o 7.20
g
[
T.00
3 oppar
Infiltration
6.80
G.60
Single Press/
Single Sinter
6.40
0.8 1.0 1.2 1.4 1.6 1.8 2.0

Relative Cost

Figure 3. The Relative Cost And Density Ranges For Various Powder
Met al | urgy Processes.

The actual densities that are achieved wi th ANCORDENSE are
strongly conposition dependent but are typically in the DPDS
range of 7.2 to 7.4 g/cnf. Interestingly, when conpared with
DPDS, a particul ar advantage of the technology is the capability
to produce highly conplex parts which otherw se would not |end

t hensel ves to a second conpaction step. On the other hand, there
also is the possibility to conbine the technol ogy with DPDS
aiming at densities in the 7.4 to 7.6 g/cn? range. The objective
inthis case, of course, is to conpete for |ow end applications
that are presently the province of an alternative technol ogy such
as forging or ductile iron casting, [16].



In addition to high density parts, the higher conpressibility
inherent in the technology offers other advantages as well. For
exanpl e, when conpared with ordi nary conpaction, the increnental
density inprovenents wi th ANCORDENSE vary with density; the
density inprovenent being about twice as great at lowto
internedi ate densities as at high density. Thus, the possibility
exists to increase press utilization by taking advantage of the
technol ogy to produce low to internedi ate density parts using
presses that could not otherw se be used due to tonnage
[imtations. Correspondingly, a related possibility is to use the
technol ogy to reduce both the wear and the risk of overl oadi ng
wi th punches and/or core rods of high aspect ratio and/or with
any tools that are generally of a delicate configuration.

The green strength enhancenents nentioned in connection with the
technol ogy are, like the density inprovenents, conposition
dependent. However, as a general matter, the values that are
observed are typically one and one half to two tinmes greater than
the values that are attainable with conventional m xes conpacted
to either the sanme pressures or where possible, to the sane
densities [12,17]. The primary advantage in this case is the
possibility to enploy green machining as a regular fabrication
step. Although there is limted practical experience to date,

| aboratory studi es have shown that drilling, turning and mlling
are all feasible [18,19]. Sintered control of the tol erances of
machi ned features is conparable to that with the as-conpacted
ones.

Anot her advantage of the increased green strength is the

i kel i hood of a | ower incidence of pressing problens due to green
cracking. However, it is extrenely inportant to understand that
of the several different types of green cracks that exist, there
are sone that the present green strength increases wll not
prevent. These are the cracks that are typically due to an
adverse material flow during the conpaction cycle or, nore
commonly, to over pressing.

Finally, superior dusting resistance and flow characteristics are
t he advantages that accrue to ANCORDENSE prem xes as a result of
the fact that they are bonded. The associ ated production rates,
wei ght control, and di nensional stability also are conparable to
conventional m xes.

ANCORM X™ TECHNOLOGY

ANCORM X is a new fam |y of enhanced prem xed materi als desi gned
to address very specific needs in the P/M process. Custom
prem xes containing Ancor GS-6000 are the first products to be



produced in this famly.

The Ancor GS-6000 technology is a prem xing process that is based
on a specially engineered surface treatnent that inparts
heretof ore unparall el ed i nprovenents in green strength and die
ejection forces as well as nodest inprovenents in the
conpressibility of nost ferrous materials [20]. At present, the
technology is regarded as a specialty tool rather than a general
purpose one. A primary consideration in this regard is that in
addition to the benefits, its use normally entails sintered
strength | osses as well . Although these sel dom exceed 10 percent
and are often less, they are nevertheless a limting aspect of
the technol ogy and consequently pose a natural inpedinent to its
general applicability.

The actual green strengths that are attainable in a particul ar
case are dependent, of course, on both the conposition of the
associated m x and the pressures and/or densities to which it is
pressed. For the nore common conpositions, values of about 5000
psi can be expected at pressures of 30 tsi (i.e., at densities of
~6.8 g/cnt), and still higher values, well in excess of 6000 psi,
at pressures of 40 tsi and higher (i.e., at densities of ~7.0
g/cmt and up). In conparison, the green strengths of conventional
m xes sel dom exceed 3000 psi even at the very hi ghest pressures
and densities (e.g., at 50 tsi or ~7.2 g/cm?). Thus, the
technology is applicable to produce conplex parts that are both
green machinable and likely to exhibit a |l ower incidence of green
cracks, especially as arise in subsequent handling. Unlike
ANCORDENSE t he technol ogy does not require the warm conpaction
step that is essential to the latter. Once steady state pressing
conditions are attained, ordinary conpaction is all that is
needed to provide the indicated inprovenents.

Conpared with simlarly processed conventional m xes, the
conpressibility inprovenents nentioned in connection with the
Ancor GS-6000 technology tend to increase with increasing
pressure or density. Interestingly, however, they do not appear
to be very dependent on conposition and they are, at best, fairly
nodest. For exanple, at the highest pressures and densities, they
sel dom exceed 0.05 g/cn? and are frequently less. In contrast,

the relative inprovenents of the technology on the die ejection
forces generally appear to be nuch nore substantive. However,
they are markedly nore conposition dependent. In particul ar,
different conpositions do not necessarily exhibit anal ogous
trends wth respect to changes in pressure and density. Thus, at
best, the observed ejection force values wth prem xes nade
according to the technology are 25 to 35 % | ower and, at worse,
never greater than those of simlarly processed conventi onal

m xes of the sanme conpositions.



Finally, analysis of the earlier nentioned sintered strength

| osses that arise with the technol ogy strongly suggests not only
the possibility to elimnate thembut to replace themw th nodest
i nprovenents. Both of these findings, as well as others relative
to the Ancor GS-6000 are the subject of a conpanion paper that is
schedul ed to be presented in the course of the present
proceedi ngs under the title, “Processing Experience O G een
Strength Enhanced Material Systens” [21].

PRODUCTI ON CASE HI STORI ES

The several case histories that were submtted in response to the
af orenenti oned request to the PPMIndustry follow In addition to
a general description of the part and its area of application,
the reasons for specifying P/Mand a surface treatnent technol ogy
were al so requested. The kind of details that were of interest
were the relative inprovenents in such production qualities as
costs, press speeds, conpressibilities, scrap rates, green crack
frequenci es, press down tines and/or the reduction of fabrication
steps. As will be seen, each of the various respondents provided
information on at | east one of the indicated qualities and in a
nunber of cases, in terns of two or nore.

In some of the case histories, specific informati on has been
wi thhel d by request. Al so, in some cases, certain data have

ei ther been withheld or are presented in relative rather than
absolute terns to protect the proprietary nature of the

associ ated applications. Lastly, in all cases, the kind of
details that are presented necessarily vary in accordance with
the manufacturing requirenents of the associated part.



Appl i cati on:

Part Nane:

Part Fabricator:

End User:

Mat eri al :

Density:

P/ M Appl i cation Benefits:

Bi nder Treat nent Process:

Bi nder Treatnent Benefits:

Far m equi pnent

Lubrication punp gear

Burgess Norton Mg. Co.

John Deere

FL- 4605 heat treated

6.8 g/cm

Cost Effective - Converted from
wr ought steel. Reduced the cost by
67% as a result of reduced

machi ni ng requirenents.

ANCORBOND

Made it possible for the part to be
ej ected. Inproved the surface
finish dramatically.



Appl i cati on: O froad construction equi pnent

Part Nane: | nner transm ssion vibration
danpeni ng adapt er

Part Fabricator: Burgess Norton Mg. Co.

End User: Caterpillar Inc.

Mat eri al : FLC- 4608 si nter-hardened

Density: 6.9 g/cn?

P/ M Appl i cation Benefits: Designed in PPM Net shape all ows

processing for 50% 1| ess than
wr ought technol ogy by elimnating
t he need for machi ni ngoperati ons.

Bi nder Treatnent Process: ANCORBOND

Bi nder Treatnent Benefits: Al l owed part to be ejected fromthe
die. Inproved surface finish by
reduci ng severe scoring lines.



Appl i cati on:

Part Nane:

Part Fabricator:

End User:

Mat eri al :

Density:

P/ M Appl i cation Benefits:

Bi nder Treat nent Process:

Bi nder Treatnent Benefits:

Farm Tr act or
Transm ssi on sl eeve

Burgess Norton Mg. Co.

John Deere

FLC- 4608 si nter-hardened

6.8 g/cn?

Repl aced bar stock. Cost to produce
was reduced by 50% | nproved wear
resi stance to the point of tripling
the life of the conponent.
ANCCORBOND

Eli mnated scoring in tools.
Couldn't eject the parts w thout
this technol ogy due to their length
to dianeter ratio.



Appl i cati on:
Part Nane:
Part Fabricator:

End User:

Mat eri al :

Density:

P/ M Appl i cation Benefits:

Bi nder Treat nent Process:
Bi nder Treatnent Benefits:

Torque on Demand 4WD T
Driven Sprocket

Borg Warner Autonotive
Ford Mdtor Conpany

FN- 0205

6.9 g/cm

Conversion froma w ought conponent
yi el ded a 20-25% cost savi ngs
ANCCORBOND

The ANCORBOND processed materi al
provi ded significantly reduced
segregation and dusting in the
operator air space as shown in
Figure 2. Press speeds were

i ncreased by 10-15% whil e inproving
the flow and fill consistency of
the parts.



Appl i cati on:

Part Nane:

Part Fabricator:

End User:

Mat eri al :

Density:

P/ M Appl i cation Benefits:

Bi nder Treat nent Process:

Bi nder Treatnent Benefits:

Farm Tr act or

Transm ssi on sl eeve

Burgess Norton Mg. Co.

John Deere

FLC- 4608 si nter-hardened

6.8 g/cn?

75% nore effective than w ought
steel. Significantly inproved
reliability

ANCCORBOND

| mproved finish by elimnating
galling during ejection.



Appl i cation:
Part Nane:
Part Fabricator:

End User:
Mat eri al :
Densi ty:
P/ M Application Benefits:

Bi nder Treat nent Process:

Bi nder Treat nent Benefits:

~ Autonotive Transm ssion

Tor que Converter Turbine Hub

Chi cago Powdered Metal Products
Conpany

Ford Mot or Conpany

Di stal oy®"™”

7.3 g/cm?

P/ M and ANCORDENSE t echnol ogy
provi ded > 30% cost savings over a
machi ned forging. The near net form
elimnated the need for an

ext ensi ve nunber of machi ni ng
operations and auxiliary
conmponents.

ANCORDENSE

The ability to achieve high | evels
of uniformdensity led to
elimnation of heat treatnent by
provi di ng superior performnce and
reliability in relation to the
forge and machi ne technol ogy.



Appl i cation: Qut board Mot or Cear Box

Part Name: Shift Cam

Part Fabricator: St. Mary's Carbon Conpany

End User: Wt hhel d By Request

Mat eri al : FL- 4405

Density: 7.3 g/lcm

P/ M Application Benefits: Cost effectiveness due to near net
shape and conplicated face geonetry

Bi nder Treatnent Process: ANCORDENSE

Bi nder Treatnent Benefits: Converted froma conventional FN

0208-1 OBHT to warm comnpaction to
achi eve superior performance at no
added cost. Inproved densification
el i m nated occasional fracturing

t hat occurred during operation.



Appl i cati on: Aut omati ¢ Transm ssion

Part Nane: Wheel Sensor

Part Fabricator: Sinter Metals, Inc. - Enporium
End User: Wt hhel d By Request

Mat eri al : F- 0008

Density: 7.2 glcm

P/ M Application Benefits: Converted from DPDS P/ M process
Bi nder Treatnent Process: ANCORDENSE

Bi nder Treatnent Benefits: Converted a doubl e press double

sinter process to achieve a 10%
reduction in production cost while
inmproving the uniformty of density
Wi thin the conponent.



Appl i cation:

Part Nane:

Part Fabricator:

End User:

Mat eri al

Densi ty:

P/ M Application Benefits:

Bi nder Treat nent Process:

Bi nder Treatnent Benefits:

Heavy Duty Sabre Saw
Eccentric Spur Gear

Sinter Metals, Inc. - Enporium
Wt hhel d By Request

FLN- 0405

7.35 g/cn?

Designed in P/ M based on near net
shape econom cs

ANCORDENSE

Eli mnated the need for a double
press double sinter operation thus
provi ding a 15% cost savi ngs.
Density performance was
particularly critical in the teeth.



Appl i cati on:

Part Nane:

Part Fabricator:

End User:

Mat eri al :

Density:

P/ M Appl i cation Benefits:

Bi nder Treat nent Process:

Bi nder Treatnent Benefits:

CONCLUSI ONS

It will be evident that,

W ndshi el d W per

Spacer

Wt hhel d By Request

Wt hhel d By Request

300 and 400 Series Stainless

6.25 g/cn?

Near net shape econom cs and
utilization of a | ower cost

materi al and processi ng net hod
resulted in >30% cost savi ngs.

Ancor GS-6000

Converted from conventional 1ithium
stearate lubricated m x. The

resul tant green strength

i nprovenent which was of the order
of 2 to 3 tinmes that of the lithium
Sstearate mx led to a significant
reduction in the anount of green
scrap generated during handling.

t aken together, the highlighted



technol ogi es offer a variety of manufacturing advant ages that
conpl etely overshadow the earlier nethods. H gher densities,
better properties, increased productivities, generally cleaner
and safer working environnents as well as a tool box of new
techni ques to solve old problens. The result is a decided

i nprovenent in parts making capability that otherw se offers the
sanme or better econony. The obvious bottomline being a
correspondingly significant increase in P/M conpetitiveness.

O equal or, perhaps, even greater significance is the fact that
all of the advances leading to this favorable outcone were made
in a space of less than ten years and are the product of a conmmon
approach, an approach that is novel both in terns of the nodel of
the premx it assunmes and the interdisciplinary team assenbled to
inplenment it. In fact, a new research paradi gm has been
established that is seen as possessing a trenendous untapped
potential for the future of P/M
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