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Abstract

Ceramic parts were prepared by means of injection molding and a two-step debinding and sintering process. For
four different alumina ceramic feedstocks, the influence of processing parameters like holding pressure, injection
speed, melt and mold temperature on the surface roughness was studied. The surface roughness was measured in
the direction of flow and perpendicular to it with a tactile cantilever measuring system. A gradient in the surface
roughness is detected along the flow path, which ended in a relatively coarse surface section. Smoother and more
even surface structures can be generated with higher mold temperatures. In general, larger particle diameters cause
greater surface roughness. Lower injection speed and melt temperature show similar effects. However, no significant
effect was observed with regard to the holding pressure. Based on these results, the surface roughness could be adjusted
in a certain range by changing material or processing parameters in order to fulfill the requirements of a subsequent

metallization step.
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I. Introduction

Ceramic injection molding allows the fabrication of
small parts with reproducible, highly complex and near-
net-shape structures in large quantities 1»2. The process is
divided into four steps. First, a ceramic powder, such as
alumina, is mixed with a binder and compounded to pre-
pare the ceramic feedstock. The binder typically consists
of at least two polymeric phases, plasticizers, lubricant
components and additives such as surfactants 2. The feed-
stock can be injection-molded to form green compacts in
regular polymer injection molding machines, which are
resistant to abrasive materials. Afterwards the binder has
to be removed from the fabricated parts, which is often
achieved with a combination of solvent and thermal de-
binding. Since debinding can generally be seen as the most
critical process step, much effort has to be channeled into
optimum debinding strategies and kinetics 3:10. Finally,
the porous brown part is sintered and densified to a com-
pact ceramic part L.

Oxide ceramics are electrically insulating, withstand high
temperatures and are chemically resistant to most solvents
and extremely resistant to wear !1. For most technical and
medical applications, smooth surfaces with low surface
roughness are desired in order to highlight the ceram-
ics’ favorable wear properties. Nevertheless, thanks to
this spectrum of properties, their use has recently been
emphasized as substrate material for three-dimensional
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circuit carriers of high-temperature-resistant sensors in
3D-Molded Interconnect Device (3D-MID) technolo-
gy 12,13,

Miniaturizing of electronic devices in combination with
high voltages and currents leads to high punctual thermal
stresses, for which most of the polymers such as standard
and technical thermoplasts are not suitable. Compared to
these polymers, ceramics are resistant to high tempera-
tures, exhibit low thermal expansion and sustain chemical-
ly challenging environments 1. For this reason, function-
alized ceramics have been proposed as substrate materials
for electronic devices in fields like the general electron-
ics, aerospace, nuclear power and the automotive indus-
tries 1415, To date, one of the greatest challenges to metal-
lizing ceramics is the poor adhesion between the metal and
ceramic surfaces, which generally complicates the appli-
cation of a highly adhesive metal layer onto a ceramic sub-
strate 14. The differing chemical constitution of metals and
ceramics in addition to their wide-ranging differences in
material properties, such as wettability 16 and thermal ex-
pansion 17, are crucial for high-temperature coating pro-
cesses. Ithas been pointed out that the adhesion of conduc-
tor tracks can be adjusted by enhancing the chemical re-
activity between the components 17-1% and by optimizing
the material interface. Furthermore, for the fabrication of
astrongly adhesive metal layer, the ceramic surface should
feature a uniformly high surface roughness 20 and at best
have undercuts for mechanical linkage 21. Compared to
filled polymers, the production of ceramic parts with mi-
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cro-structured undercuts is problematic because of the fi-
nal sintering and densifying process, which leads to the re-
duction of these desired structures.

However, we think that enhanced surface roughness
could improve the physical adhesion of the metallized lay-
ers 20and that this can be influenced by the injection mold-
ing process 22,23, Islam ez al. 24 investigated the shrinkage
and the surface replication of Y,0O;-stabilized ZrO, parts
with different mold surfaces. They showed that rough
surfaces could be replicated well with injection molding
and sintering. A smoothening effect of the sintering pro-
cess on the surface could be proven as well as different
roughnesses along the flow path from close to the gate to
far from the gate 24.

Zhang et al. 22 stated that surface roughness can be op-
timized not only with the mold surface but also with the
powder grainssize, the debinding process, sintering param-
eters and other influencing factors, but provided no clear
evidence of the influence of injection pressure, mold tem-
perature or holding temperature on the surface roughness
of ceramic green microstructures 22. To date, typical ap-
proaches to increase the surface roughness include chemi-
cal etching 18 and shot peening 14.

In this work, the surface roughness of injection-molded
alumina parts has been studied along the flow path and ac-
cording to the flow direction, as ceramics with adjusted
surface roughness may be desirable for subsequent func-
tionalization such as metallization. The aim of this work is
to determine parameters that could allow the fabrication
of rough-surface ceramic components by means of injec-
tion molding so that sintered alumina substrates could be
metallized directly and without pretreatment. According-
ly, the influence of processing parameters, such as mold
temperature, melt temperature, holding pressure and in-
jection speed on the surface structure is evaluated in order
to identify parameters for enhancing surface roughness.

II. Experimental

In these investigations, commercially available alu-
minum oxide feedstocks Inmafeed K1008, Inmafeed
K1010 and Inmafeed K1013 (Inmatec Technologies
GmbH) were used. In addition, a feedstock was prepared
in a dual-screw extruder (Leistritz ZSE HP 27). There-
fore, 15 wt% inorganic binder, consisting of two binders
Embemould K83 and Embemould K83G (eMBe Products
& Service GmbH) in a 1:1 ratio, was compounded with
85wt% alumina powder CT3000SG (Almatis GmbH).
This is equivalent to a filler content of approximately
60vol%. The particle size distribution of the CT3000SG
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alumina powders was obtained with an optical measuring
system (Morphologi G3, Malvern) analyzing 100 000 par-
ticles, which is equivalent to 0.7 mg weight of the sample
taken. The measured values are compared to manufacturer
specifications. The particle form of highly filled polymers
can influence orientations in the edge layers and along
the melt front, and for this reason cause anisotropic me-
chanical behavior. Hence, the particle morphology of the
CT3000SG powder was investigated by means of scan-
ning electron microscopy (SEM) at 10 000x magnification
with an excitation voltage of 5 kV (Ultra Plus, Carl Zeiss
AG).

The filler content of all ceramic feedstocks was mea-
sured with thermogravimetric analysis (TGA; Q 5000,
TA-Instruments). Owing to high possible material prop-
erty variations of the granulated feedstock, the thermal
material behavior was examined with differential scan-
ning calorimetry (DSC) and a sample size of three with a
heating rate of 10 K/min (Q2000, Texas Instruments). The
mean value graphs of the second heating will be shown
and discussed. The melt volume rate was determined for
all feedstocks in accordance with DIN EN ISO 1133 for
a temperature of 150 °C and a loading mass of 21.6 kg.
Preheating time was 300 s and the cut-off length was set to
3 mm.

Rectangular green test specimens measuring 70 x 45 x
2.5 mm? were prepared by means of the ceramic injection
molding of the four feedstocks on a two-component injec-
tion molding machine Engel ES 220H/200V/80HL (Engel
Deutschland GmbH). The horizontal injection unit with a
ceramic screw measuring 25 mm in diameter was applied.
The injection molding machine had a maximum clamp-
ing force of 900 kN. The processing parameters are giv-
en in Table 1, the parameter set P1 being defined as the
reference parameter set. In the following experiments, the
holding pressure, melt and mold temperature and the in-
jection speed were varied and compared to the reference.
The cooling time was set to 25 s.

For testing the mechanical properties induced by the pro-
cessing set-up, 4-point bending tests were performed on
the green compacts in compliance with DIN EN 843 1.
The testing speed was set to 0.5 mm/min for the ten bend-
ing samples for each parameter set. In order to character-
ize possible feedstock demixing, thermogravimetric anal-
yses were performed on green compacts of K1010 and
CT3000SG. For this reason, samples of approximately
30 mg were taken from three sites along the flow path
and then incinerated (TGA Q 5000, TA-Instruments). The
number of samples taken was three.

Table 1: Processing parameters for ceramic injection molded green parts.

Parameter Set Unit P1 P2 P3 P4 P5
Melt temperature °C 140-160 140-160 140-160 140-160 159 -161
Mold temperature °C 55 55 65 55 55
Holding pressure bar 300 0 300 300 300
Holding time s 5 0 5 5 5
Injection speed mm/s 20 20 20 10 20
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The water-soluble content of the green compacts was
removed in deionized water for 80 h and the green com-
pacts were subsequently freed from backbone polymer
by means of thermal debinding at maximum tempera-
tures of 300 °C for approximately 42 h. The porous brown
parts were cooled down and subsequently sintered for
approximately 22 h following a defined program with a
maximum temperature of 1680 °C and afterwards cooled
down to room temperature. The surface roughness of
the molded green parts and sintered ceramic compo-
nents was determined in accordance with the standard
DIN EN 623 -4:2004 using the contact profile method
(Hommel Tester T1000, Osterwalder AG). In the exper-
iments a 5-m hard-metal probe tip with 90° opening
angle (Jenoptik Industrial Metrology Germany GmbH)
was employed. As shown in Fig. 1, the samples’ surface
was divided into four sections along the flow path. In
order to evaluate the influence of the flow behavior, the
surface roughness was measured in the direction of flow
and perpendicular to it. In these investigations, the mean
roughness depth R, of the specimens was interpreted. Ac-
cording to the standard, the measuring section was 4.8 mm
including 0.8 mm cut-off. For calculating the mean rough-
ness depth, the measuring section is divided into five sam-
pling lengths, which are averaged. Within these sections,
the distance from the highest peak to the lowest valley is
measured. The vertical measuring range was 80 um. The
sample size n for each measuring location was five.
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Fig. 1: Schematic showing the areas for the surface roughness mea-
surements.

To characterize the topology of the ceramic parts, SEM
analyses were conducted with 1000 x magnification and
shown for the K1010 and CT3000SG feedstocks (Ultra
Plus, Carl Zeiss AG). Inaddition, a 1000 x-magnified SEM
cross-section of an already metallized ceramic is shown to
demonstrate the potential of mechanical linking of a rough
ceramic substrate.

III. Results and Discussion

(1) Material and feedstock characterization

The values of the measured diameters of the numerical
particle size distribution are shown in Table 2. The man-
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ufacturer specifications indicate that the mean particle di-
ameter of all materials varies in a relatively narrow range
from 0.4 to 2.1 um, K1013 having the smallest mean par-
ticle size and K1008 the largest. For the coarsest material,
90 % of the particles have a grain size smaller than 6.2 pm,
which indicates a very narrow range of particle sizes from
0.1 tounder 10 pm for all systems examined. In a compari-
son of the results of the CT3000SG measurements with the
specifications, marginally higher values were measured,
which can be assigned to the different measuring systems
and dispersing units. Nevertheless, both measurements
show a mean particle diameter of below one micrometer
and a D90 of less than 3 um.

A SEM image of the CT3000SG powder is shown in
Fig.2. SEM images of powders obtained by means of the
incineration of K1008, K1010and K1013 feedstocks can be
found in 25. The image shows relatively homogeneous and
fine-sized particles of the sample analyzed. In the close-up
view, the coarse and angular form of the platelet particles
can be observed. On the one hand, this edgy form could
endow the green compacts with higher strength, but on
the other hand reduce the flowability of the ceramic feed-
stock 1. This effect could even be intensified by the small
particle sizes, as most of the Al,O3-particles are sized be-
low 1 um in diameter. With regard to the observed particle
diameters, this result is in accordance with the measure-
ments of the particle size distribution. Nevertheless, small
particle sizes offer a large specific surface that enhances
the material’s sintering activity and reduces the chance of
molding defects 1. This can lead to better mechanical prop-
erties of the green part and a higher component strength
of the final ceramic part. However, if the content of the
binderisnotvaried, adecreasein particle size leads to high-
er feedstock viscosity.

With the selected testing conditions, values for the melt
volume rate (MVR) could only be generated for the K1008
and K1010 feedstocks, the results are shown in Table 3. At
a constant pressure level, the other materials did not show
sufficient flow behavior for these measurements, includ-
ing temperature variations from 140 to 160 °C. This can be
explained by the lack of shearing, as the feedstocks have
shown sufficient flow behavior during injection molding.
Nevertheless, it can be seen that despite the high standard
deviation, K1010 has a much higher melt volume rate of
26 cm?/10 min compared to the MVR of K1008, which
is around 7 cm?/10 min. This means that K1010 probably
has the lowest viscosity of all examined feedstocks, which
could be attributed to a homogeneous particle distribu-
tion, spherical particles or an optimized and an excellently
flowing binder system. These results could indicate better
processibility of K1010 than of any of the other feedstocks,
whereas other materials might be more abrasive on the in-
jection molding unit, leading to increased contamination,
which could cause imperfections after sintering and in turn
result in reduced breaking resistance.
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Table 2: Particle size distribution of alumina particles in selected feedstocks.
Diameter Unit CT3000SG  CT3000SG* K1008* K1010* K1013*
Dy um 0.4 0.1 0.1 0.5 -
Dy, im 0.9 0.5 2.1 1.2 0.4
Dyg um 1.7 2.6 6.2 2.7 -

* manufacturer specifications

Table 3: Melt volume rate at 150 °C and filler content measured by thermogravimetric analysis of studied ceramic feedstocks.

Unit CT3000SG K1008 K1010 K1013
KMS-96 BO CT1200SG AES-11C
MVR cm3/10 min not flowable 7.3+0.1 264 +3.7 not flowable

TGA wt% 84.5

84.5 85.3 84.1
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Fig. 2: Scanning electron microscopy images of Al,O; (CT3000SG)
powder particles at 10000 x magnification.

The filler contents of the commercial feedstocks is
proven by means of thermogravimetric analysis and
determined for the compounded feedstock containing
CT3000SG. The aim was to produce a feedstock with a
filler content comparable to commercial products. The
exact values are given in Table 3. Preliminary studies have
shown that the binder used burns out completely in oxy-
gen atmosphere so that no signal noise from burnt poly-
mer can be expected. The weight of all specimens decreas-
es slightly to around 98 wt%, but almost linearly until
350 °C. At even higher temperatures thermal decompo-
sition of the binder is initiated and continues linearly up
to around 500 °C. The specimen’s mass remains stable at
a percentage of around 85 wt%, which is the remaining
filler content of the commercial products and the targeted
value of the compounded feedstock. These results indicate
similar filler contents for the examined feedstocks, which
is relevant for the comparability of downstream analyses,
e.g. sintering shrinkage or porosity.

In Fig. 3, the results of the DSC analysis for second heat-
ing of the ceramic feedstocks are shown. The exact values
for the different melting points from TM1 to TM3 and the

melting enthalpy HM1 are given for the different ceramic
feedstocksin Table 4. Inacomparison of the measured heat
flow curves, quite similar runs can be observed. In these
curves, one main melting peak can be observed at around
60 °C, which refers to the low-viscosity wax and probably
water-soluble component of the binder.

——CT3000SG
——K1008
- — -K1010
2. heating -~ -Kiol3
—_—

—_— =

Heat flow [W/g]

an=3

51| 10 K/min
T T T T T T T T T 7
40 45 50 55 60 65 70

Temperature [°C]
Fig. 3: DSC analysis of the ceramic feedstocks at the second heating.

Nonetheless, two more slight slopes can be observed at
around 110 and 160 °C, which can be associated with the
so-called backbone polymers and are presentatlower con-
centrations compared to the wax component. As the exact
compositions of the binders are not known, the influence
of additives like stabilizators and lubricants on the ther-
mal behavior of the binder cannot be determined. How-
ever, the main melting points in Fig.3 show that the ex-
act composition of the four feedstocks are different. Simi-
lar polymers from different manufacturers or differing ad-
ditives may have been applied. Nevertheless, this result
shows that based on the polymeric components, process-
ing with the same parameter set seems possible, disregard-
ing particle size, form and particle size distribution of the
alumina which influences the viscosity of the composite
material.
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Table 4: Melting temperatures and melting enthalpy extracted from DSC analysis of different ceramic feedstocks.

Unit CT3000SG K1008 K1010 K1013

KMS-96 BO CT1200SG AES-11C
Tt °C 59.4 62.4 61.6 59.0
Tz °C 1115 111.5 108.3 109.5
T °C 157.5 158.9 159.5 157.7
Hyy, J/g 12.0 12.7 9.7 10.6

(2) Mechanical characterization of green bodies

The results of the 4-point bending test of the injec-
tion-molded green parts are shown in Fig.4. The flexu-
ral strength is presented for the different parameter sets
and ceramic feedstocks. For all measurements, the values
for the maximum tension vary between 12 and 22 N/mm?2.
Aninfluence of different parameter variations on the max-
imum stress can hardly be distinguished, but the results
for the material variations vary in a significant way. The
highest values of 18 to 22 N/mm? are achieved by the
commercial K1010 and K1008 feedstocks, probably ow-
ing to appropriate particle size distribution and optimized
binder system. K1013 lies slightly below these values,
possibly owing to its small particle size, which could have
led to particle agglomeration, so that not all particles are
wetted homogeneously. The lowest values overall were
measured for the compounded feedstocks. Reasons for
this might be different pretreatments of powder or binder
and lower material purity, which could lead to the earlier
failure of the bending specimens owing to reduced adhe-
sion between binder and ceramic particles. Nonetheless,
for the parameter sets P2, P3 and P5, the values are quite
close to those of the commercial products.
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Fig. 4: Flexural strength of injection-molded green parts determined
in a 4-point bending test.

(3) Characterization of the surface roughness

The following section will give a detailed overview of
the surface roughness of injection-molded ceramic feed-
stocks. The aim of this research was to modify and to en-

hance or rather increase the surface roughness of injec-
tion-molded ceramics to establish a good starting situ-
ation for subsequent metallization. In general, different
assumptions have to be taken into account, because of
the two counteracting processes caused by the two sub-
sequent processing steps, debinding and sintering. On the
one hand, binder removal leads to a porous part with a rel-
atively rough surface, while on the other hand the thermal
influence during solid-state sintering establishes a mini-
mized surface, which means that sharp edges and pores are
avoided by surface diffusion. A smooth and slightly wavy
surface would be the result. In ceramic injection molding,
geometric details have to be realized during the injection
molding process as ceramic post-processing is very expen-
sive and time-consuming. This is mainly valid for geomet-
ricaspects but has to be proven for superficial features such
as surface roughness. In the following diagrams, the feed-
stocks are sorted according to the mean particle diameter
D50 of the applied ceramic powders.

For this reason, green compacts and sintered parts were
analyzed in order to characterize the transferability of the
surface structure from green part to the final part. Suffi-
cient transferability is necessary to allow surface manipu-
lationin the injection molding process. In Fig. 5, the results
for the measurements in the direction of flow and perpen-
dicular toitare shown for the four different feedstocks and
their green and sintered parts. Within the standard param-
eter set P1, green parts reach mean surface roughnesses of
approximately 4 m, but are subject to relatively high mea-
surement uncertainties. For the CT3000SG feedstock, the
roughness of the sintered part is almost equal to that of the
initial green body. Only for K1013 does the green body
have a higher roughness. K1010 and K1008 sintered parts
show the highest roughnesses.

Taking a closer look at the particle diameters again, it can
be seen that K1013 has the smallest mean particle diameter,
followed by CT3000SG, K1010and K1008, which leads to
assumption that the transferability of green body rough-
ness is related to the powders’ mean diameter or the parti-
clesize distribution. In this case, the phenomenon could be
described by the powder packing density at the surface. It
is well known that smaller particles can lead to smoother
surfaces. In addition, this effect is emphasized by the in-
creased sintering activity of smaller particles owing to their
larger specific surface area. After reaching a certain limit,
the effect of surface smoothening during sintering seems
to be higher than the surface roughening effect caused by
binder removal, such that the green body has greater sur-
face roughness than the sintered part. This effect can fur-
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ther be proven by the results of the measurements per-
pendicular to the flow direction, which are also shown in
Fig. 5.
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Fig. 5: Comparison of the surface roughness of green parts and sin-
tered parts prepared from different feedstocks measured in direction
of flow and perpendicular to it.

The mean values are almost comparable to those of the
measurements in the direction of flow. Therefore, it can be
stated that possible orientations have no significant influ-
ence on the surface roughness for the standard parameter
set. For that reason, the following results are shown pre-
dominantly for measurements in the direction of flow.

In Fig. 6 and Fig. 8, the measured values for the surface
roughness of different materials are shown along the flow
path for the standard parameter set P1 and for the parame-
ter set P5. The area of the specimen is divided into four sec-
tions along the flow path, which is 70 mm for green parts
and, because of shrinkage, approximately 60 mm after sin-
tering. Section I is close to the gate and IV is the further-
most measuring area. In Fig. 6, different results can be ob-
served. Specimens of CT3000SG seem to have a quite sim-
ilar surface roughness from section I to III, only section
IV seems to be an exception. For K1013, the same effect at
lesser roughness can be seen. The typical demixing pro-
cess for highly filled polymers leads to lower filler con-
tents at the end of the flow path, which is in accordance
with higher porosity after debinding. For CT3000SG, the
results of the thermogravimetric analysis indicate a slight
feedstock demixing of around 1 wt% from the gate (sec-
tion I) to the end of the flow path (section IV). This could
explain the greater roughness of sintered parts at section
VI. In addition, an insufficient filling of the mold cavity
caused by the relatively long flow path could be causal to
that phenomenon. For K1010, the filler content remained
stable along the flow path. For this reason, this effect can-
not be observed for K1010 specimens, which seem to have
amore homogeneously distributed surface roughness, de-
spite higher standard deviations. For K1010, no significant
relationship between surface roughness and flow path can
be derived preliminarily.

The SEM images in Fig. 7 show the topological difference
of the part surface between the compounded CT3000SG
and the K1010 feedstock. For both materials, fine fissures
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are visible close to the gate, which can be attributed to the
cavity filling. For CT3000SG the surface becomes even
rougher, whereas the structure of K1010 remains stable.
This can be explained by the lower viscosity of the materi-
al. When the material is compressed at the end of the flow
path, the viscosity of K1010 is low enough to generate a
homogeneous layer and surface, whereas for CT1200SG
the flow fronts are not able to fuse together.
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Fig. 6: Characterization of the surface roughness of sintered ceramic
parts along the flow path in flow direction for the standard param-

eter set.

: /100 um |
Fig. 7: SEM images of K1010 with a low gradient in surface rough-
ness and high gradient along the flow path for CT3000SG.

InFig. 8, the surface measurements for the different feed-
stocks of sintered parts produced with parameter set-up
P5 are shown. In this overview, greater differences in terms
of surface roughness can be seen at the end of the flow
path. In fact, for K1013 and CT3000SG the values are al-
most doubled with an increase of more than 4 pm. Again,
this result has to be associated to the demixing behavior
of the components’ different densities or insufficient fill-
ing of the mold cavity and is further intensified by a high-
er melt temperature. After debinding, the area at the end
of the flow path is even more porous, leading again to en-
hanced roughness. For metallization, pronounced surface
roughness is desired, but nonetheless the surface rough-
ness has to be homogeneously distributed rather than a
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show a graded behavior. In the comparison of the abso-
lute surface roughnesses of materials processed with dif-
ferent parameter settings, in the following, section IV will
be omitted as the focus is on uniform surface roughness.
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Fig. 8: Characterization of the surface roughness of sintered ceramic
parts along the flow path in flow direction for parameter set P5.

The results of the parameter studies of sintered ceram-
ic parts measured in direction of flow are shown in Fig. 9.
The calculated mean values range between 2 and 9 um and
are not exclusively dependent on the particle diameter of
the ceramic powder but also on the processing parame-
ters. For all materials, an almost similar profile regarding
the values for the different parameter sets can be observed,
which indicates that a manipulation of the surface rough-
ness of ceramic parts by variation of the injection molding
processing parameters is generally possible. The results of
the standard parameter set P1 indicate increasing surface
roughness with increasing mean particle diameter, which
can be seen as the ceramic feedstocks are sorted accord-
ing to mean particle size in the diagram. Leaving out hold-
ing pressure, as shown for the measurements in parame-
ter set P2, has almost no influence on the generation of the
surface structure. For this result, several explanations can
be considered. The applied force of this holding pressure
might either have been too low or the sealing time might
already have been reached. As the applied materials are
highly filled systems and only around 40 vol% consists of
acompressible polymeric component, itis more likely that
the holding pressure can hardly press in any further mate-
rial, which could have led to a varied situation concerning
the development of a surface structure.

However, higher mold temperature typically improves
the flow behavior of polymeric melts and the replication of
the mold surface. As shown for parameter set P3, the sur-
face becomes smoother with reduced surface roughness.
Higher mold temperature leads to slower cooling of the
edge layers, which leads to better flowability and filling of
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the cavity. In addition, this could reduce a possible occur-
rence of feedstock demixing, leading to a smoother sur-
face. In parameter set P4, the injection speed is reduced,
which leads to longer injection time and greater surface
roughness for K1013 and CT3000SG, whereas the rough-
ness for K1010 is almost unchanged and for K1008 this
leads to reduced roughness.
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Fig. 9: Influence of material and processing parameters on the sur-
face of sintered parts measured in direction of flow.

Again, a relationship between the effect and the mean
particle size can be taken into account. With small parti-
cle diameters, the roughness is increased. This could be
explained by an orientation of the platelet particles per-
pendicular to the movement of the melt. It is possible that
with increasing particle diameter, the particles tend to hin-
der one another in their rotatory orientation movement.
Higher melt temperature as shown for P5 leads to slightly
increased roughness for K1013, CT3000SG and for K1010
feedstocks but for to decreased values K1008. According
to the data sheet, the binder of the feedstock begins to de-
grade at 160 °C, which could eventually lead to alternat-
ing surface morphology, but also the viscosity drop could
have changed the flowing behavior. It could be shown that
with the use of different processing parameters and minor
material parameter changes, the surface roughness can be
changed slightly, in a range of approximately 10 um. In ad-
dition, the surface of green parts allows first estimations of
the surface roughness of the final sintered ceramic parts.

In Fig. 10, the cross-section of an alumina plate metal-
lized by means of plasma-coating technology is shown.
A relatively homogeneous surface roughness can be ob-
served close to the gate. The deposited copper layer is ca-
pable of filling the voids. Far from the gate, greater surface
roughness can be observed, which can lead to improved
layer adhesion. According to this result, better adhesion
can be expected with enhanced surface roughness, which
leads to better linking of the two components.
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K1013, close to gate

copper ;
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K1013, far from gate

copper
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Fig. 10: SEM images of an alumina substrate metallized with cold-
active plasma.

IV. Conclusions and Outlook

In this work, first the properties of the materials stud-
ied were characterized in order to determine the influence
of material and processing parameters on their mechanical
bending strength and surface roughness. A certain degree
of surface roughness is required to achieve sufficient adhe-
sive strength of a metallic layer applied, for example, with
plasma-coating technology. It could be shown that maxi-
mum stress is mainly material- or rather feedstock-depen-
dent, but can be improved by changing the processing pa-
rameters. In terms of surface roughness, the material prop-
erties, such as the mean particle size diameter, play a crucial
role. If pronounced surface roughness is desired, large par-
ticle sizes should be chosen. Not only the measured rough-
ness itself is important, the shape of the surface such as
homogeneous distribution of elevations and valleys must
be taken into consideration. Substantial differences, which
are caused by demixing along the flow paths and eventual-
ly insufficient filling of the cavity, have to be taken into ac-
count and avoided when homogeneously rough surfaces
are required. According to these results, the surface fin-
ish of injection-molded feedstocks could be varied slight-
ly depending on the processing parameters applied. Espe-
cially increasing or decreasing mold temperature or injec-
tion speed could lead to changed surface structuresinacer-
tain range. In follow-up studies, the influence of the mold
design on the surface roughness of different feedstocks
and injection-molded ceramic parts will be investigated.
Therefore, molds with differently eroded structures will
be set up and their moldability using ceramic feedstocks

will be studied.
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