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As previously mentioned, the chief role
of the binder is essentially to carry the
powder and allow flow and packing of
the powder in the die cavity.
Subsequently, the binder is also
necessary for the green body to retain its
shape before sintering.

The binder is the key component in
MIM. It controls the mixing, molding
and debinding operations. It also
strongly influences the maximum
powder loading in the feedstock, the
green strength of the molded parts, the
shape retention of the parts during
debinding, the dimensional accuracy and
other properties of the sintered parts.
Hence, the binder is considered by many
as the key to the success of a MIM
process. Unfortunately, the development
of binders has largely been empirical due
to the lack of complete understanding of
the underlying basic principles involved.
Most binders were formulated based on
“experience”, rather than on scientific
grounds.

Basic Binder Requirements

Table 1 lists the requirements of a binder
system, which are further classified
under different process considerations
[1, 5]. The binder strongly influences the
downstream operations and the final
properties of the products. This
inevitably leads to the numerous
requirements. However, some of these
attributes are contradictory to one
another. Thus there is no perfect binder

Nhu da dé cap trudc ddy, vai tro chinh
cia chat két dinh trudc day chu yéu la
mang bdt va cho phép bot luu thong va cod
dac bot trong khudn chét. Sau do, chat két
dinh ciing can thiét d¢ green body git
nguyén hinh dang cta no trudc khi thiéu
két.

green body: mau chua thiéu két




and the selection is dependent on the
particular situation. Binders represent a
compromise between various desired
attributes.

Binder Classification

Binder compositions and debinding
techniques are basically the main
differences between various MIM/PIM
processes. In fact, these two aspects are
the main focus of many patents for
MIM/PIM processes. Currently, there are
various kinds of binders used in the MIM
or PIM industry. Generally, binders can
be broadly classified under the following
groups:

I. thermoplastic based;
Ii.  thermoset based;

iii.  gelation;

iv.  freeze-forming;

Thermoplastic/Wax Based
Thermoplastic based binders are by far
the most widely used. These forms of
binder usually contain a wax as a major
component and a thermoplastic as the
minor component. Additives are usually
added for lubrication, viscosity control,
wetting and improving powder-binder
interaction. Debinding of such binders is
normally  achieved via thermal
degradation, wicking, solvent extraction
or even photo-degradation.
Thermoplastics commonly used include
polyethylene, polystyrene,
polypropylene and ethylene vinyl
acetate. Table 2 highlights some of the
common thermoplastics used in PIM or
MIM processes.




It is common practice to mix a number
of  thermoplastics, together  with
additives, to form a unique binder system
that is tailored to a particular operation.
This is due to the fact that a single
component binder system was found to
be incapable of satisfying the various
requirements of a desired binder system.
The choice of the components in the
binder system depends on a number of
factors; the green strength, the viscosity
of the feedstock, the volume fraction of
the powder and the method of debinding.
The binder selection consideration for
the primary component is indicated as
before in Table 2. On the other hand, the
secondary binder component is selected
as according to the following
requirements.

Table 2.List of common thermoplastics
binder in MIM.

Although there are many types of
thermoplastic based binders being
formulated, only a few binders are used
in commercial production. The most
popular are the wax-based binders. Wax
IS chosen as the major component
because of its low viscosity, low melting
point and low decomposition
temperature. This would lead to ease of
mixing, ease of molding and short
debinding time. To further enhance the
performance of the feedstock, a
secondary component is added.
Thermoset Based
Thermosets, such as phenolics and
epoxies, are polymers that hardened
irreversibly by means of a cross-linking
reaction. This usually happens at




elevated temperature or upon mixing the
resin with a hardener. Once the reaction
iIs completed, a three dimensional cross-
linked network structure is formed and
the reaction is irreversible. Debinding is
also  accomplished by  thermal
degradation or solvent extraction. Table
4 shows some example of thermoset
used in MIM or PIM.

Table 4.List of some common thermoset
binders.

Condensation  crosslinking  usually
involves vapor formation as a by-product
which would cause defects in the molded
parts. Hence for MIM applications, only
the addition crosslinking is of interest.
The hardening or curing process is
generally slow, so that the time needed
to form a shape is long compared to that
for thermoplastics. Moreover, the
hardener needed for the curing process
induce an additional component to the
binder system which might cause mixing
or  compatibility  problems.  The
advantage of using a thermoset binder is
that it provides higher green strength due
to the cross-linked structure. A natural
compromise to this would be to mix a
thermoplastic and athermoset in one
binder system. The thermoplastic serves
to provide initial green strength while
subsequent heating causes the thermosets
to harden. As an example, Strivens in US
Patent 2,939,199 dated 7 June 1960, used
a thermoset, Araldite, mixed with a
thermoplastic, Epok, and a wax to form a
binder system for the injection molding
of alumina [6]. Figure 3 shows the
process flow by Strivens. Such an




approach would help to shorten the
molding time and retaining shape during
debinding.  However, the overall
debinding time would probably be too
long for such an approach to be
economically feasible.

Bang 1. Cac yéu cau doi voi chat két dinh [1,5].

XEM XET QUY TRINH

YEU CAU CUA CHAT KET DINH

Pha tron, do nhét va tinh ddng nhét caa hdn hop

Do nhét cuc ky thap

Bam dinh tét vao bot

Thu dong hoéa bang phwong phap hoa hoc
ddi véi bot

buc

D6 nhét thap & nhiét do duc
Hé so gian n& nhiét thap
Do dan nhiét cao

Do bén uot

Tinh chét co hoc tt
Bam dinh tot vao bt

Co lai dong déu

Khoéng c6 dinh hudng phan ti

Loai bo chat két dinh

Do nhét rat thip cho qua trinh mao dan

Do hoa tan tt dé trich ly bang dung moi
D& dang nhiét phan dé loai bo két dinh
bang nhiét

Khéng bién dang, co lai nhanh hoac n6
Loai bo hoan toan ma khong c6 bat ky du
luwong nao

Thiéu két so bo dé giit nguyén hinh dang
sau khi loai bo chit két dinh

Nhiét do phan huy trén nhiét d6 tron va
nhiét do duc

Chi phi hop 1y va doi dao

Kinh té e Thoi gian sir dung vira phai

e Kha nang tai xur ly va tai su dung
Suc khoe e Khong doc hai, khong gay ung thu
Moi truong e Khong giy 6 nhiém

Bang 3.Cac chirc ning va yéu cau ciia thanh phan thir cap trong hé thong chat két

dinh nhiét déo [5].




Chirc néing

Cac yéu cau

Giam d6 nhot

Do nhét thap hon thanh phan chinh
Tuong thich véi thanh phan chinh

Tinh ddng nhat/6n dinh caa hdn hop

Do bam dinh véi bot tot hon
Do bam dinh giita cac thanh phan tét hon

Chéng dinh khudn/Béi tron

Khong twong thich véi tat ca cac thanh
phan chat két dinh
Do nhét thip hon thanh phan ban dau

Do bén udt ting

D6 bam dinh vao bot tét hon

Kha ning loai bo chat két dinh tang dan 1én

D6 nhét cao hon dé mao dan, it hoa tan dé
chiét loc, nhiét d6 nhiét phan cao hon dé
loai bo chat két dinh trén san pham bang
nhiét, hoac khong thang hoa

Thiéu két/Giit nguyén hinh dang/co lai dong déu

Nhiét do nhiét phan cao dé thiéu két so b,
Khoéng c6 dinh hudng uu tién

Nhiét phan hoan toan ma khong c6 luong
du




