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Sinterleme

Sinter kelimesi Almanca kiil anlamina gelmektedir.

Teknik anlamda sinterleme, metal ve/veya seramik tozlarina termal
enerji uygulanmasi ile yogunluk kontrolli malzemeler gelistirme
prosesidir.

Diger bir tanima gore sinterleme, toz esasli malzemelerin ana bilesenin
ergime sicakliginin altinda sicakliklara isitilmasi ile tozlarin biraraya
gelerek dayanimu yiiksek triinler elde edilmesi islemidir.

Kat1 faz sinterlemesi, siv1 faz sinterlemesi ve reaktif sinterleme olarak iic
ana baslik altinda toplamak miimkiindiir.

Sinterleme sirasinda basing uygulanip uygulanmadigina gore de
basingsiz sinterleme ve basingh sinterleme olarak iki sinifa ayirmak
miimkiindiir.



Sinterleme

T
Tma liquid phase sintering
viscous flow sintering
E Tm,B
=
° T Ne¢ transient liquid
@ hase sintering
a I P
g N
= T : o
solid state sintering
A X, B

Composition

Figure 1.3. lllustration of various types of sintering.

Figure 1.4. Typical microstructures observed during (a) solid state sintering (Al,O3) and
(b) liquid phase sintering (98W-INi-Fe(wt%)).
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Figure I.5. Basic phenomena occurring during sintering under the
driving force for sintering, A()A).
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Table L.I. Variables affecting sinterability and microstructure

Variables related to raw Powder:
materials (material variables) shape, size, size distribution, agglomeration,
mixedness, etc.
Chemistry:

composition, impurity, non-stoichiometry,
homogeneity, etc.
Variables related to sintering  Temperature, time, pressure, atmosphere, heating and
condition (process variables)  cooling rate, etc.

Toz Hazirlama Asamasinda: Parcacik boyutu, sekli, boyut
dagilimu.

Cok Bilesenli Sistemlerde: Ikincil fazlarin dagilimi

Toz Presleme Asamasinda: Ham yogunluk, gbézenek boyutu
dagilimi

Sinterleme Asamasinda: Sinterleme sicakligi, 1sitma hizlar,
sinterleme siiresi, uygulanan basing, sinterleme atmosferi.



Kati Faz Sinterlemesi

Table 4.1. Material transport mechanisms during sintering
Material transport mechanism  Material source ~ Material sink  Related parameter
1. Lattice diffusion Grain boundary  Neck Lattice diffusivity, D,
2. Grain boundary diffusion Grain boundary  Neck Grain boundary
diffusivity, D,
3. Viscous flow Bulk grain Neck Viscosity, 7
4. Surface diffusion Grain surface Neck Surface diffusivity, D,
5. Lattice diffusion Grain surface Neck Lattice diffusivity, D,
6. Gas phase transport
6.1. Evaporation/ Grain surface Neck Vapour pressure
condensation difference, Ap

6.2. Gas diffusion Grain surface Neck Gas diffusivity, D,
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Sintered material

Sintering temperatures, °C

Aluminum alloys 590-620
Bronze 740-780
Brass, 890-910

Iron, carbon steels, low-alloyed steels (Cu, Ni) 1120-1150
Low-alloyed steels (Cu, Ni, Mo; Distaloy) 1120-1200
High-alloyed ferritic and austenitic steels (Cr, Cr-Ni) 1200-1280
Hard magnets (Alnico) 1200-1350
Hard metals (cemented carbides)® 1350-1450
Molybdenum and molybdenum-alloys 1600-1700
Tungsten” 200-2300
Heavy metal (W alloy) ~ 1400
Ferrites (soft and hard) 1100-1300
Silicon nitride (with different additives) 1750-2000
Silicon carbide (with different additives) 1750-2100
Alumina" 1400-1800
Zirconia (with different additives)® 1400-1750

(a) TiC-based hard metals (cermets) up to 1600 °C.

(b) ~3000 °C, when direct sintering is used.

(c) Highest temperature under pressured N, atmosphere or in powder bed.
(d) Low temperatures for liquid phase sintering.

(e) Low temperatures for highly active powders.
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Figure I4.l. Densification curves of 98W-INi-|1Fe(wt%) alloys during heating to and iso-
thermal liquid phase sintering at 1460°C.
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Figure 14.5. Distribution of liquid Cu between W spheres (~200 pum diameter) for a wetting
angle 6 of (a) 8° and (b) 85°.2
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