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Abstract

The demands of the functional aspects and the eticnealue of manufactured products to encourage the
development of multi-material sintering processt Buits realization, various problems emerginghtgques,
including the determination of the type of matetl#ht can be sintered, non-uniform shrinkage phesmam,
and the bonding mechanism between different grainsinknown material. This study was conducted to
determine the mechanism of bonding between thexg@and calculate the shrinkage that occurs baseateon
grain due to the implementation of the sinteringgasss. In practice, this study pursued throughdtages. The
first stage in the form of observations of the fvains with similar material (the material useg@ddyethylene).
While the second phase in the form of observatibgrains of polyethylene (PE) with a grain sintesaly
vinyl chloride (PVC). Observations were made athisomal conditions and periodically done shootingte
bonding process can be visualized. Based on thgendata that has been retrieved, the volume shyinka
analysis can be done by calculating the projected af the particle. From the research that has deae, the
volume shrinkage that occurs on sintering matdi& with PVC) at an isothermal temperature of ‘Cl&
equal to 20.42%
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INTRODUCTION

The demands and needs of manufacturing products higlh economic value, while meeting the functional
aspect of encouraging the development of multi-metproducts. With multi-material products is thraterial

of a component consists of a wide variety of matsriThe use of materials with high strength isyarded on
the products that have high loadings. In this viag,price of a product can be reduced so thatcibimes more
economical to keep the functionality aspect. Howgirepractice many problems that arise in theizatibn of
multi-material products through the sintering psseThe problems that arise, among others, isatle of
uniformity shrinkage, sintering temperature diffegce of the two materials, and the bonding mechanism
between the grains are not yet clear. By undersigrttie issues above, the product of a multi-makerntering
can be set so as to produce a product that suitsngeds. In the sintering process is mostly doodating and
simulation of sintering process to obtain preditsi@f the sintering characteristics of the prodinciuding the
prediction of shrinkage that occurs. A common mindels modeling for similar materials with the same
powder size. Modeling for multi-material sinterihgs not been done. Shimosaka et al. (2003) did imgder
two different powder materials of different sizéshis research, Shimosaka et al. (2003) statedrtreddition
influenced by the sintering conditions, the sintgrbehavior of two different material types is aisfiuenced

by the solubility properties of the material witach other. The formation of solid solution occurshe grain
boundaries through a transport mechanism. Transpechanisms include surface diffusion, volume diffua,
grain boundary diffusion, evaporation-condensatamj grain growth. To avoid the hassle of doing thien
sintering modeling Maximenko and Olevsky (2004ppmsed a scale parameter called the effective sildffu
coefisien. This measurement is the grain bounddfiysibn merger between the volume diffusion. Byngsthis
coefficient, the modeling can be done in 2 dimemsidn addition through complex modeling in genetiaé¢
problem of non-uniform shrinkage phenomenon in nmkterial sintering process can be studied
experimentally. The initial step in this researsha perform sintering using the same materiahMitit different
treatments.

Hambir and Jog (2000) states that the result desirg of the green parts with low density will uéisin a
product with greater shrinkage than the resultioesing of the green parts with high density. faems the
basis of research Garino and Howard in conductiigal research on the variability from multi magdér
shrinkage on sintering process. By doing sinteahtyvo green parts that have different densityatésn on the
phenomenon of shrinkage can be obtained. Fromethigits of research conducted Garino and Howarddfoun
that the shrinkage that occurs depends on thertbgskof each layer of the green part. The purpb#@sofirst
stage of research is to understand the mechanistmwioding between two points and calculate material
shrinkage that occurs experimentally.
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The formation mechanism of bond

Sintering process can be divided into three phasesgly the initial stage (initial stage), middiage
(intermediate stage), and the final stage (fir@d)s}. There are no clear boundaries for each eéthages. The
initial phase is characterized by the rapid inceeaghe diameter of the neck. Middle stages offtien marked
porosity that has been narrowed by the cylindiitape of the porosity associated with the othethéiend of
this stage of grain growth can also occur to predyrains with larger size with a fewer number afigs. While
in the final stage, the porosity has been isolatetihas a spherical shape. At this stage of grawwth occurs
with slow densification process. Modeling of thegess can be seen in Figure 1.
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4
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v
the final stage of grain growth

|

end of the process
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Figure 1 Modeling of bond between the grains indimering process of two spherical particles
of the same size and similar material.

In the above process, the bonds between the martmtcurs via the transport mechanism. This trahspo
mechanism can be classified into two surface tramsmd bulk transport. Surface transport inclugidage and
evaporation-condensation Difusion. While the butlnsport include volume diffusion, grain boundary
diffusion, plastic flow, and viscous flow. Surfaitansport resulted in the growth of the neck withehrinkage,
while the bulk transport resulting in shrinkage.u®es of energy (driving force) of sintering praceés the
surface energy. Surface energy per unit volumenersely proportional to the particle diameter. wall
particles have more energy than particles withdasiges. Occurs during the sintering process okrrassfer
from the particle to the neck. The mass transfeurscto reduce the surface energy of the partlmyemeans of
expanding the particle surface. So during the simgeprocess occurs elimination or reduction offace
energy. Due to the elimination of a surface endhgy occurs during the sintering process, the perars that
can be used to measure the level of sintering éegf sintering) is the surface area. Another patamrthat
can be used in measuring the sintering rate isati@ between the size of the neck (X) with a p#tdiameter
(D), for more details see Figure 2.

Figure 2 Modeling patrticle

Depreciation Equivalent Diameter and Volume

Powder particles have a variety of shapes. For poswdith irregular shapes like a ball that hasviieame of
the powder can be calculated easily. For powdetts iwegular shapes, the other methods are nedded.
method is usually used to calculate the voluménisfpowder is to use the equivalent diameter. Exjaivt
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diameter can be calculated based on the projected surface area, and volume.
The method used to calculate the equivalent diamdknalliki selected based on the data. If theadagld is
widely projected area equivalent diameter can tienalculated from the following equation.

D, = (4A/m) 2

1)
For the data in the form of powder volume (V), tlilea equivalent diameter (DV) are
Dy = (6V /n0/13
. . . . @
For the data in the form of particle surface a®a then the equivalent diameter (DS)
Dg = (S/m) 2
®3)
The volume of the particles is calculated using the equation volume of a sphere:
- V= : D’ (4)
_ AP .
The amount of volume shrinkage (—:' calculated by the equation:
Yo
AV _Vith (5

with VO: initial volume of particles
Vi: volume of the particle at the moment

(5)METHODS TESTING AND MATERIALS

Material: Polyethylene (PE) and Poly Vinyl ChloriteVC) 0.297 mm (mesh size)

Tool: Testing Sieving, Micro Structure Testing P@ndPowder Testing with EDX, Mechanism of bond
Observations

At first preheated heating plate at a temperateteviothe sintering temperature to a constant teatper
heating plate placed under the microscope so tilegparticles become easier setting. After that &figbes
placed on a heating plate and heating plate ternpers raised to the sintering temperature. OlagEms
sintering process carried out under isothermal Y@L ®ith periodic shooting. Volume measurement iselby
measuring the projected area of the particle imagge taken. Of the area can be calculated equitzdlameter
(DA) which is used to measure the volume of thdiglar

RESULTS AND ANALYSIS

Of shots taken (see Figure 3) it can be seenhlkdapse of time between 7-9 minutes is the indiage of
sintering. At this stage neck growth occurs withawhift in the grain boundary. An interval of 94h#utes is
the stage where grain growth occurs, it can be Beemthe particle diameter that is greater thamnitiitial
diameter of the particle.

(b) (©)
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Figure 3. The process of formation of bonds betwEPVC grains at 12G temperature during the sintering
process a. 0 min, b. 7 minutes, c. 8 min, d. Qubais, e. 10 minutes, f. 11 minutes, g. 12 minute$3
minutes

From the image observations, measurements can He toaobtain the projection area equivalent diamete
Measurement of the area of the projection is dareetly without regard to the magnification scalEhe scale is
not taken into account because it does not affectalculation of volume shrinkage results. Oféleivalent
diameter of the particle volume can be calculaféd results of the calculations are presented eTa.

Table 1: Results of the calculation of the volurharkage during the sintering process at a tempegat

of 1100C PE.
Time Area D_iameter Volume AVIVo
(Minute) (mm) Equivalent, 3 (mm) (%)
(mm)

0 1853.23 48.59 480239.50 0.00
7 1804.77 47.95 461526.56 3.90
8 1743.15 47.12 438092.72 8.78
9 1614.00 45.34 390318.55 18.72
10 1605.66 45.23 387297.13 19.35
11 1600.50 45.15 385431.69 19.74
12 1597.00 45.10 384168.08 20.00
13 1590.74 45.02 381911.47 20.47

From the above calculation is known that the slaygk volume reached 20.47%, to determine the rate of
volume shrinkage versus time graphs then made ketite time the volume shrinkage (see Figure 4).
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Figqure 4 graphs the volume shrinkage of the sintenng time

From Figure 4 it can be seen that initially thewnoé shrinkage occurs rapidly (7-9 min) which theaws
down. At an interval of 7-9 minutes of neck sizstil small so that the neck is an area with gezadrgy. This
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energy is the source of energy for the sinteriragess. With increasing time, the larger the sizéhefneck so
that the energy per unit volume of the smaller ndtle result is a marked slowdown in the sintepngcess
by slowing the process of volume shrinkage at éerial of 9-13 minutes. At 9-13 minutes, can bendeem
Figure 2 that the magnitude of the neck is almgstaéto the amount of particles. It shows that gloeving
volume shrinkage occurs when the diameter of ttek me almost the same as the diameter of the partic

CONCLUSION

= Comparison between the neck diameter of the partiddmeter can be used to determine the limithef t
initial stage of the sintering process.

= The initial stage of the sintering process endsnmie diameter of the neck is almost the same @s th
diameter of the patrticle.

= The results of the two powder sintering at tempeest of 1100C PE resulted in shrinkage of the velain
20.47%.

REFERENCES
Garino,T.J., Zschiesche,D.J., and Howard,M.L., Eixpental Studies To Support Multi-Material
Modeling, Sandia National Laboratories.
German,M.R., 19940owder Metallurgy Science,an Ed..
Hambir,S. and Jog, J.P., 2000, Sintering of UltighHMolecular Weight Polyethylen8ull. Mater. Sci., vol.
23, No0.3, pp. 221-226.
Maximenko, A.L. and Olevsky, E.A., 2004, Effectiiiffusion Coefficient in Solid State Sinteringcta
Materialia, 52 , pp. 2953-2963.
Shimosaka, A., Ueda, Y., Shirakawa, Y., and Hidaka2003, Sintering Mechanism of Two Spheres Fograi
Homogeneous Solid Solubility NedkKONA, No.21, pp. 219-233.

85



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

-

|

o » (..L()R( H()\\\L\I\H{SII\
— UniverseDigitalLibrary —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/

