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Abstract. The presintering method can offer a suitable Rezumat. Presinterizarea poate oferi o siduadecvat
solution for manufacturing of orthopaedic prostisetbat  pentru fabricarea de proteze ortopedice personajiza
are usually difficult to do. This paper presents tesults  care sunt, de obicei, greu de realizat. Acedstrare
of some experiments on manufacturing of orthopaedigrezint rezultatele unor experimente privind fabricarea
prostheses by aluminium oxide ceramic material, thede proteze ortopedice din materialul ceramic oxel d
mechanics of the sintering process and the comtffol aluminiu, precunsi mecanica procesului de sinterizare
dimension and forms of the component parts of thecontrolul dimensiunisi a formelor pentru componentele
personalized orthopaedic prostheses. After meagtinen  ceramice ale protezelor ortopedice personalizatgaD
parts, there were analysed the main dimensionamasurarea pieselor, s-au analizat principalii paranoiet
parameters of precision to reveal the proper soiutor precizie pentru a descoperi sdu adecvat pentru
obtaining the required quality of the process. ohtinerea caliitii necesare a procesului.
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coefficient, orthopaedic prostheses proteze ortopedice personalizate

1. Introduction 1. Introducere

At international level, the tendency is to have La nivel intern@onal tendina este de a avea o
fast and adaptable production, the products with g@rodugie rapidi de produse cu o adaptabilitate mare
high adaptability for the clients’ needs, using thepentru nevoile clietilor, folosind produda digitak
digital and virtual production, modulars devices,si virtuald, dispozitive de modulargi simulare,
and simulation presentation, integrated anddispozitive miniaturizate integratg materiale de
miniaturized devices, materials with more performama, cu proprieiti superioare, care asigur
performance, with superior properties, whicho Tnal& calitatesi costuri reduse. La nivel global
assures high quality and low costs. On global levematerialele minerale ceramice preZinin interes
the mineral-ceramic materials presents a very gtronfoarte puternicsi au prioritate pentru cercetarea
interest and have priority for the scientific rasba  stiintifica. Produgia de materiale noi poate fi cea
The production of new materials can be the besimai bura soluie de a le utiliza Tn diferite domenii
solution of using them in different domains of de activitate, precungi nevoia de a i, in acest
activity, also finding in this way new technolodica fel, noi procedee tehnologice. Oxidul de aluminiu
procedures. The mineral-ceramic aluminium oxideca material ceramic poate fi folosit pentru proteze
can be used for orthopaedic prostheses because thestopedice, oferind o bdrcompatibilitate cu corpul
provide good compatibility with human body [1, 2]. uman [1, 2].

2. Importance and relevance of the content 2. Importanta si relevanta continutului
The main directions of research are: Principalele diregi de cercetare sunt:

- the production and manufacturing of new pieces elaborarea de noi teorii in domeniul producsirii
from mineral-ceramic materials; preluctrii materialelor mineralo-ceramice;

- the elaboration of new technology in the produrcti - elaborarea de noi tehnologii pentru pratude
of pieces from mineral-ceramic materials; componente din materiale mineralo-ceramice;

- growing the development of other types of- cresterea dezvoirii de noi materiale mineralo-
mineral-ceramic materials; ceramice;

the production of ceramic pieces with complex- oktinerea de piese ceramice cu forme complexe in
forms in small series of fabrication with low  serii mici de fabricgae, cu costuri minimai la o

costs and high quality; calitate ridicat;

- utilization of Computer Aided Reverse Engineering- utilizarea Computer Aided Reverse Engineeging
and Rapid Manufacturing; Rapid Manufacturing;

- production of the orthopedically prostheses- realizarea de proteze ortopedice ceramice
personalized. personalizate.
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3. The character of researches 3. Caracterul cercetarilor

The chosen theme output of ceramic orthopedic  Tema aleag privind produgia de proteze
prostheses personalized has a fundamental charactertopedice ceramice personalizate, are un profund
because it connects different factors that arecaracter fundamental, deoarece aceasta con&cteaz
important for the unconventional production of diferiti factori, care sunt importairpentru produga
different pieces made of mineral-ceramic materialsprin procedee neconvgonale de piese realizate din
but also an interdisciplinary character with the materiale mineralo-ceramice de asemenea, are un
implication of some domains like chemistry, caracter interdisciplinar cu implicarea unor domeni
physics, technology, informatics, medical and everprecum chimia, fizica, informatica, medicina

nanomaterial technology. chiar tehnologia nanomaterialelor.

4. Conducting parts of the mineral-ceramic 4. Realizarea de piese din materiale
materialsthrough new technologies miner alo-ceramice prin noi tehnoogii

4.1. Theimportance of the use of sintered parts 4.1. Importanta utilizarii de piese sinterizate din
of mineral-ceramic materials materiale miner alo-ceramice

To use mineralo-ceramic components, are Utilizarea de componente mineralo-ceramice,

important because they assure Figure 1 [3]: este importaritpentru @ asigua Figura 1 [3]:

- excellent biological behaviour; - comportament biologic excelent;

- significantly low taper corrosion; - coroziune apreciabil redis

- no metal ion release; - nu elibereazioni de metal;

- no known pathogenic reaction to particles; - NU Se cunosc regicpatogene la particule;

- a wery good compatibility with human body. - 0 bur# copatibilitate cu corpul uman.

Figure 1. Ceramics parts from orthopaedic prosshdsi
Figura 1. Componente ceramice pentru proteze attopéd]

4.2. The elaboration of sintering pieces from 4.2. Realizarea de piese sinterizate din materiale
mineral-ceramic materials miner alo-ceramice
For the production of different pieces from Pentru a produc piese cu formg dimensiuni

mineral-ceramic materials, meaning aluminiumdiferite din materiale mineralo-ceramice din oxie d
oxide, there are some stages that are required to aluminiu, trebuiesc parcurserespectate mai multe
followed. etapesi procedee.

The first process is bidirectional pressing in the Un procedeu este presarea bidi@wk in
array of aluminium oxide, with high purity 99.99% matrice a unui amestec de oxid de aluminiu cu o
micrometric powder, which are added some organi@uritate de 99,99%, la care se adaugnele
substances and minerals (organic binders to bindubstare si minerale organice (lighorganici pentru
powder particles in the process of training, whicha lega particulele de pulbere in procesul de foemar
will volatilize in the process of sintering), and care se vor volatiliza Tn procesul de sinterizage),
various ceramic catalysts that role downlink diversi catalizatori ceramici (care au rolul de a
sintering temperature, pressed in matrices. Thenicsora temperatura de sinterizare), piesele astfel
obtain pieces with a low mechanical resistance arebtinute au o rezistefh mecanié scizuti, iar pentru
sintering (a complex thermic process, at very higha ohine piese ceramice rigide acestea sunt
temperatures more 1900 °C) and at the end resultssinterizate (un proces termic complex la temperatur
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very hard piece with some total different propasti mai mari de 1900 °C) rezultand piese foarte dure cu
of the initial one. proprietti total diferite de cele imiale.

All  procedure is warm pressing (the Un alt procedeu este presarea la cald
synterisation under pressure) of aluminium oxidegsinterizarea sub presiune) a pulberii de oxid de
powder with high purity 99.99%, at high aluminiu cu o puritate ridicatde 99,99 % dra alte
temperature> 1500 °C and inferior pressure (10/25 componente, se poate face la o tempeiaidicati
MPa) or at moderate temperature (700-800 °C) ang 1500 °Csi presiune mig (10-25MPa), sau la
high pressing (400-500 MPa). In both modes thdemperatuf moderai (700-800 °C)si presiune
products obtained have almost the same density aglicati (400-500 MPa). Produsele tolute au
the theoretical ones and the pieces can be producegiroape aceeia densitate ca cea teoreijcsunt
at the final dimensions or they can achieve thalfin realizate la dimensiunilg formele finalesi nu mai

stage without cutting procedures. necesii operaii de prelucrare mecarialteriore.
Des-advantages for development of ceramic  Desavantajele realidi de piese ceramice din
parts from aluminium oxide are: oxid de aluminium prin procedele prezentate sunt:
- for the very complicated pieces the costs of the pentru piesele foarte complicate cheltuielile de
matrices are very high; realizare a matrelor sunt foarte mari;
- the mechanical and the electrical characteristics se olin caracteristici mecanicg electrice mai mici
are lower through this method; fata de alte metode;
- it is very hard to obtain pieces with different - in general este greu de realizat semifabricate de
shapes and special dimensions; forme foarte diferite;
- by these processes are generally obtained piecesprin aceste procedee piesele rezultate au forme
with simple geometric shapes. geometrice simple.
5. Presintered method fulfilling aluminium 5. Elaborarea de piese din materiale mineralo
oxide ceramic parts ceramicefolosind presinterizarea
Through this process the pieces of mineral- Prin acest procedeu piesele din materiale

ceramic can be obtained by pressing a bidirectionaiineralo-ceramice sunt gbute prin presarea
micrometric powder containing organics substance®idiregionaki a pulberilor micrometrice care aam
and minerals necessary for pressing. Thus obtained substare organicesi minerale. Piesele astfel
parts are then presintered, resulting in a stiffeobtinute sunt presinterizate, rezultand piese cu
pieces with sufficiently high to be processed by th rigiditate suficient de mare pentru a fi prelucratm
classic cutting of complex shapes.The material is @rocedee clasice. Materialul utilizat este o pudber
powder of aluminium oxide with purity of 99.56 % de oxid de aluminiu cu puritate de 99.56 %, cu
with the average size of 18n granules mixed with dimensiunea medie de 18 pm, amestecatun liant

an organic binder that volatilize at first heatlng. organic care se volatilizeézla prima inélzire. In
the first phase the aluminium oxide powders wagprima faz pulberea de oxid de aluminiu a fost présat
pressed with a pressure of 150 MPa, bidirectionabidirectional cu o presiune de 150 MPa, rezultand
obtained the cylindrical shape, Figure 2, andpiese cilindrice, Figura 3j sferice, Figura 3.

spherical, Figure 3.

Figure 2. Presinterd ceramic pieces Figure 3. Oxide aluminium ceramic sphere piece
Figura 2. Piese ceramice presinterizate Figura 3. Piesa sfeticceramid@ din oxid de aluminiu

These samples were subjected to a process of Aceste probe au fost supuse unui proces termic
heating up at two temperatures, 1250 °C and 13850 ° de presinterizare la doduemperaturi, la 1.250 °gl
to reducing the distance between the particlda 1.350 °C, pentru a reduce digtan dintre micro-
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powders by removing existing organic binder in theparticule pudrei, prin eliminarea liantului organic
initial material and obtaining a semi consistentexistent Tn materialul igial si obtinerea unor piese
pieces, who are turned obtained such dimension: dgide, care prelucrate prin strunjire au @toarele
batch with height, = 15 mm, and outer diameter dimensiuni: un lot cu #itimea h; = 15 mmsi

di = 25 mm and a batch with height = 15 mm,  diametrul exteriord; = 25 mm, iar al doilea lot cu
and outer diametet, = 25 mm. These pieces are inaltimeah, = 15 mmsi diametrul exteriord, = 25
then sintered resulting final parts which do notmm. Aceste piese au fost apoi sinterizate rezultand
require further processing. The mechanicalpiese finale care nu necésd prelucrare ulterioar
characteristics of obtained such parts, show ineTab Caracteristicile mecanice ale acestor piese, did ox
1[5]. de aluminium, sunt prezentate in Tabelul 1 [5].

Table 1. Mechanical characteristics of aluminiunidexAl>Oz) [5]
Table 1. Caracteristicile mecanice ale oxiduluatieminiu (AbOs) [5]

Content of AJOs 99.36% Strengh of breaking traction 12 MPa
Density 2.37 kg/rh Strengh to compression 42 MPa
Porosity 5- 7% Strengh to breaking the flexural RPav

Granulometric structure of ceramics after Structura ganulometic a ceramicii dup
presintering is shown in Figure 4, and after finalpresinterizare este prezetitdh Figura 4, iar dup
sintering in Figure 5. sinterizarea finalin Figura 5.

Figure 4. Granulometric structure of aluminium axid Figure 5. Granulometric structure of aluminium axid

_ after presintering. _ _ after final sintering
Figura 4. Structura ganulometfia oxidului de Figura 5. Structura ganulomettia oxidului de
aluminium dug presinterizare aluminium dug sinterizarea final
The linear contraction is the illustrative Contragia liniara este parametrul ilustrativ

parameter for the sintering process. That camentru procesul de sinterizare. Acesta poate atinge
achieve values of 10-15 %, depending of thevalori de 10-15 %, in funie de tipul de oxid de
aluminium oxide material that is used, thealuminium care este folosit, distrif granulometrig,
granulometric distribution, the sintered tempemtur temperatura din procesul de sinterizare, porozitate
porosity, etc. The coefficient of linear contractiof  etc. Coeficientul de contrge liniara a pieselor
the sintered material parts was determined on bassenterizate a fost determinat pe bazperimenta
experimental for the outer diameter and high ofpentru diametrele exterioare, interiogrénaltimile
parts cutting by turning of the presintered piecespieselor strunjite presinterizatg, pentru diametrele
and the outer diameters and highs of parts aftef fi exterioare, interioaresi Tnaltimile pieselor dup

sintering. sinterizarea final
6. Experimental deter mination of 6. Deter minar ea experimentala a coeficientului
contraction coefficient for presintering de contractie pentru piesele presinterizate
pieces after thefinal sintering process dupa sinterizareafinala
6.1. Determination of contraction coefficient for ~ 6.1. Determinar ea experimentalia a coeficientului de
cylindrical parts contractie pentru pieselecilindrice

From the outer diameted of pieces, the Pentru diametrul d exterior al pieselor,
constriction coefficientCy is determinate with coeficientul de contraie Cq este determinat cu
formula (1) [5, 6]: formula (1) [5, 6]:
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Cyq =MX1OO%, (1)
|
where: unde:
- C4 outer diameter constriction coefficient; - Cq coeficientul de contraie la diametrul exterior;
- d are outer diameter of pieces before final- d este diametrul exterior al pieselor inainte de
sintered,; sinterizarea finaf
- dr are outer diameter of ceramic pieces after final dr este diametrul exterior al pieselor duple
sintered; sinterizarea final
From the highh of pieces, the constriction Pentru Tdltimea h pieselor, coeficientul de
coefficientCy is determinate with formula (2): contracie C, este determinat cu reia (2):
Ch=mX100%v (2)
hi
where: unde:
-Ch high constriction coefficient; - Ch coeficientul de contraie la Triltimea pieselor;
- hy are high of piece before final sintered, - hi este Tdltimea pieselor hainte de sinterizare;
- hy are high of piece after final sintered; - hr este Tdltimea pieselor dupsinterizare;
In Table 2 are shown the diametets and in Tabelul 2 sunt prezentate diametralg si

highs hyi pieces presintered, and the diametirs Tnaltimile hy ale pieselor presinterizate, diametda
and highshys after final sintered process for shapesi inaltimile hy dup sinterizare pentru piesele cu
with diametersd; = 25 mm and heights=15 mm. diametreled; = 25 mmsi Tnaltimile hy = 15 mm.

In Table 3 are the diametads and highd of in Tabelul 3 sunt diametretd; si Tnaltimile hy ale
turning pieces presintered and the final diameterpieselor strunjite presinterizatg diametrul dx si
dx and highshy after final sintered process for inaltimile hyx dup sinterizare pentru piesele cu
shapes with diameterd, = 15 mm and heights diametruld, = 25 mmsi inaltimeah, = 15 mm pentru
h, = 25 mm presintered at temperatures 1250 °Gemperaturile de presinterizare 1250 §iC1350 °C.
and 1350 °C. The diameteuls, da, dis, dxxr and highs  Diametredy, da, dir, dzr si Tnaltimile hy hoi, hy, hor @au
hai hai, has, hor OF pieces was measured for each piecdost masurate in trei puncte diferite ale suptafer
at three different points of piece, and the valaies  strunjite, iar valorile rezultate reprezintmedia
the arithmetic mean of three measured values. aritmetic a valorilor nisurate.

Table 2. Outer diameteds;, dir and highdhy;, his of the pieces before and after sintered process
for the pieces with outer diametr= 25 mm and high of piecés = 15 mm
Tabelul 2. Diametrele exterioada, dis, si Tnaltimile hy, hys ale pieselor Thaintg dupa sinterizare
pentru piesele cu diametrul extergr= 25 mmsi Tnaltimeah; = 15 mm

Presintered temperature
No 1250 °C 1350 °C
Tl dy dif Cu hui by Cin dyi dit Cu hui b Cin
[mm] | (mm] | [%] |[mm] | [mm]| [%] | [mm] | [mm] | [%] | [mm] | [mm] | [%]
1 | 25.11| 22.23 11.470 15.09 13.34 11.597 2512 22.23.492| 15.11| 13.3§ 11.585
2 | 25.19| 22.29 11.513 1498 13.25 11.549 2521 22.30.539| 14.96] 13.23 11.535
3 | 25.15| 22.27 11.45Q0 15.12 13.37 11.574 2518 22.29.469| 15.16] 13.41 11.547
4 | 25.12] 22.21 11.584 15.03 13.29 11.577 2516 22.24.623| 15.07] 13.33 11.557
5 | 25.08| 22.1§ 11.563 15.07 13.32 11.612 2514 22.23.582| 15.05| 13.31 11.580
6 | 25.13| 22.22 11.580 15.12 13.38 11.508 25,02 22.11.630| 15.16] 13.41 11.564
7 | 25.14| 22.26 11.456 1496 13.p2 11.631 2513 22.26.421| 1498 13.24 11.591
8 | 25.11| 22.22 11509 15.05 13.31 11.561 2508 22.19.524| 15.01] 13.2§ 11.554
9 | 25.16| 22.31 11.328 1492 13.19 11.595 2517 22.32.317| 14.94| 13.20 11.617
10 | 25.07] 22.17 11.568 15.11 1336 11.582 2505 322.11.807| 15.13] 13.3§ 11.570
6.2. Determination of contraction coefficient for 6.2. Deter minar ea coeficientului de contractie
spherical parts pentru piesele sferice
The coefficient of linear contraction of the Coeficientul de contragia liniara a pieselor

sintered material parts was determined also fosinterizate s-a determingitpentru piese sferice (cum
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spherical pieces (like ceramic component ofar fi componenta ceraniica protezelor) pentru
prostheses) at the outer diameabgtand for interior  diametrul exteriode al sfereisi diametrul interiord;
diameterd; of the hole Figure 3. al alezajului din sfer, Figura 3.

Table 3. Outer diameteds;, dir and highshy;, his of the pieces before and after sintered process
for the pieces with outer diametdgr= 15 mm and high of piecés = 25 mm
Tabelul 3. Diametrele exterioada, dis, si Tnaltimile hy, hys ale pieselor Thaintg dupa sinterizare
pentru piesele cu diametrul exterthr= 15 mmsi iniltimeah, = 25 mm

Presintered temperature
No 1250 °C 1350 °C
T daf Cx ha hat Con da daf Cog ha hat Con
[mm] | [mm] | [%] |[mm] | [mm]| [%] | [mm] | [mm] | [%] | [mm] | [mm] | [%]

1 | 14.96| 13.23 11.564 25.13 22.p2 11.598 14.96 1BPU469| 25.03 22.20 11.500

2 | 1498| 13.27 11.415 25.16 22.24 11.586 1498 1B3PB496| 25.1 22.26 11.507

3 | 15.08] 13.34 11.538 25.11 22.20 11.599 15.08 1B3BB474| 25.1] 22.22 11.499

4 | 15.12| 13.37 11.574 25.09 22.18 11.595 1512 1BBB502| 25.09 22.20 11.533

5 | 15.01] 13.27 11.592 25.07 22.16 11.598 15.01 13PB517| 25.179 22.28 11.497

6 | 15.12| 13.3§ 11508 24.95 22.06 11.583 1512 1B38BB473| 24.94 22.0Y 11.508

7 | 1494 13.23 11.43b 25.02 22.12 11.601 1494 13PB468| 25.04 22.16 11.506

8 | 15.02| 13.29 11.518 24.96 22.07 11.597 1502 138BD462| 24.99 22.12 11.482

9 | 1492 13.21 11.45p 25.12 22.21 11.584 1492 13PD496| 25.14 22.24 11.552

10 | 15.04| 13.31 11.508 25.07 22.16 11.%92 15.04 213R1.462| 25.13 22.28 11.527

From the outer diametd@re of spherical pieces Pentru diametrulbe exterior al pieselor sferice
the constriction coefficienCe is determinate with coeficientul de contrae C. este determinat cu
formula (3) [5, 6]: formula (3) [5, 6]:

Ce= M x100% » (3)
el
where: unde:
- @ are outer diameter of pieces before final- ®. este diametrul exterior al pieselor Thainte de
sintered,; sinterizare;
- O¢r are outer diameter of pieces after final sintered.- ®¢r este diametrul exterior daple sinterizare.

For the inner diameteb; of spherical pieces Pentru diametrukd; interior al pieselor sferice
the constriction coefficien€; is determinate with coeficientul de contraie C; este determinat cu
formula (4) [5, 6]: formula (4) [5, 6]:

c =2 0me. (4)
1
where: unde:
- @; are inner diameter of pieces before final- ®; este diametrul interior al pieselor Tnhainte de
sintered process; sinterizare;
- @ are inner diameter of ceramic pieces after final @i este diametrul exterior al pieselor dup
sintered. sinterizare.
In Table 4 are shown the original outer in Tabelul 4 sunt prezentate diametrele exterioare

diametersDe; and the original interior diameteds initiale ®e; si diametrele interioare inale @; ale
of turning spherical pieces presintered and tha fin pieselor sferice strunjitg presinterizatesi diametrele
outer diametemer and the final inner diametdrs  exterioare finaleber si diametrele interioar final@®j
obtained after final sintered process at twoale pieselor sferice dapsinterizarea final la dou
presintered temperature: 1250 °C and 1350 °C.  temperature: 1250 °g 1350 °C.

7. Evaluation of the dimensional precision 7. Evolutia peciziei dimensionale

Considering the mean values from Tables  Avand in vedere valorile medii din Tabelele 2...4,
2...4, the graphical variation of the diameter andvarigia diametrului exteriosi Tnaltimile pieselor au
high of parts was pointed out in diagrams. fost prezentate in urdtoarele diagrame.
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Table 4. Outer diametefi;, ®.r and interior diameterd;;, @ of the spheres before and after sintered process
Tabelul 4. Diametrele exterioad®;, @ si interioared;, ®; ale sferelor Thaintg dupa sinterizare

Presintered temperature
NoO 1250 °C 1350 °C

| e Des Ce Dji Dt G Dei Det Ce Dji Dt G

[(mm] | [mm] | [%] |[mm] | [mm] | [%] |[mm]|[mm]| [%] |[mm] |[mm] | [%]
1 | 39.96| 35.24 11.78f 16.09 14.p3 11.560 39.93 35PB782| 16.12 14.2¢ 11.528
2 | 40.01| 35.29 11.80y 16.07 14.p2 11.512 40.08 35BB772| 16.07 14.22 11.497
3 |40.04| 35.32 11.799 16.13 14.27 11.531 40.11 3pBB792| 16.09 14.24 11.524
4 | 40.06] 35.33 11.80p 16.11 14.p5 11.546 39.96 3bPh784| 16.1 14.30 11.504
5 | 40.09] 35.36 11.790 16.09 14.p3 11.560 40.11 3pBB776| 16.05 14.20 11.528
6 | 40.12| 35.3§ 11.811 16.11 14.25 11.546 40.02 35BD783| 16.14 14.28 11.536
7 | 40.13| 3540 11.784 16.14 14.27 11.586 40.07 3pBb772| 16.12 14.26 11.546
8 | 40.14| 35.41 11.776 16.15 1428 11.579 39.98 3pPB762| 16.02 14.1Y 11.564
9 | 40.14| 35.41 11.785 16.07 14.21 11.574 40.13 3p#D780| 16.07 14.21 11.552
10 | 40.15| 35.42 11.789 16.12 14.p6 11.538 40.06 4365BL.777| 16.12 14.26 11.526

Figure 6 present the dependence of sintering Figura 6 prezirit varigia coeficientul de
contraction coefficientCq from outer diameters contragie la sinterizareCy la diametrele exterioare
d: = 25 mm of pieces before final sintering, at twod: = 25 mm a pieselor Tnainte de sinterizarea final
presintered temperature first at 1250 °C and thepentru dod temperaturi de presinterizare, prima la
second at 1350°C. 1250 °Csi a doua la 1350 °C.
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Figure 6. Variation of constriction coefficie@t from d: = 25 mm exteriors diameters of pieces
Figura 6. Varigia coeficientul de contrgie la sinterizar&y la diametrele exterioash = 25 mm

Figure 7 present theawation of constriction Figura 7 preziri varigia coeficientul de
coefficientCy from highh; = 15 mm of pieces before contragie Cy la Tniltimea h; = 15 mm a pieselor
final sintered, at presintered temperature 1250 °Gnainte de sinterizarea firial la temperaturile de
and 1350 °C. presinterizare de 1250 %1350 °C.
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Figure 7. Variation of constriction coefficie@t from higthh, = 15 mm of pieces
Figure 7. Varigia coeficientul de contraie la sinterizareCy la inaltimeah; = 15 mm a pieselor

In Figure 8 are presented the dependence of In Figura 8 este prezeniatariaia coeficientului
constriction coefficientCq from outer diameters of de contratie la sinterizaré€y la diametrele exterioare
piecesd, = 15 mm before final sintered at two d> = 15 mm ale pieselor inainte de sinterizarea
temperature, at 1250 °C and at 1350 °C. finala, pentru doa temperaturi, 1250 °@ 1350 °C.
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Figure 8. Dependence of constriction coeffici€afromd, = 15 mm exterior diameters of pieces
Figura 8. Variéia coeficientul de contrgie la sinterizareCy la diametrelel, = 15 mm ale pieselor

In Figure 9 are present the dependence of In Figura 9 este prezeniatariaia coeficientului
constriction coefficient £from high h =25 mm of  de contrage G, la Tnaltimea h = 25 mm a pieselor

pieces before final sintered, at two presinterednainte de sinterizarea firialla dod temperature,
temperature, 1250 °C and the second at 1350 °C. 1250 °Csi 1350 °C.

—0—1250°C —{—1350°C

_ 11.580
S 11.530
© 11.480

11.430| T T T T T T T T 1

[{e] [ee] [ee] N — [qV] <t N (V] <

@ o © + o + o 9 o o

<t <t Lo Lo Lo n <t n <t Ln

— — — — — — — — - —

di mm

Figure 9. Dependence of constriction coeffici€nfrom highh, = 25 mm of pieces
Figura 9. Variga coeficientul de contrgie Cy la Tnaltimeah, = 25 mm a pieselor

In Figure 10 are presented the dependence of Figura 10 preziat varigia coeficientul de
constriction coefficientC. from diametersb. = 40  contragie la sinterizareC. la diametreleb. = 40 mm
mm of spherical pieces before final sintered, at tw ale pieselor ihainte de sinterizarea finglentru doa
temperatures, 1250 °C and 1350 °C. temperaturi de presinterizare, de 125Gi°C350 °C.
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Figure 10 Dependence of constriction coefficieddt from exterior diameter®. = 40 mm of spherical pieces
Figura 10.Variatia coeficientul de contraie la sinterizare&C, la diametrelab. = 40 mm ale pieselor

Figure 11 present the dependence of constriction
coefficientC; from interior diameter®; = 16 mm of

spherical pieces before final sintered. pentru piesele sferice Tnhainte de sinterizare.

Analysing charts shown in Figures 6+11 can Analizand diagramele din Figurile 6+11 se pot
make the following observations in relation to theface urnatoarele obserya Tn legatusd cu
sintering contraction coefficient: cocoeficientul de contrge la sinterizare:

- for cylindrical turned parts with exterior diareet - pentru piesele strunjite cilindrice cu diametrul
di = 25 mm sintering contraction coefficient of  exteriord; = 25 mm, coeficientul de contrge la
diameter has a variation between 11.451% and sinterizare a diametrului are valori cuprinse intre
11.584%, that is comprised 0.133% at temperature 11,451%si 11,584%, cu o varige de 0,133% la
1250 °C; temperatura de 1250 °C;

Figura 11 prezirt varigia coeficientuuiC; de
contragie la sinterizare la diametrelk; = 16 mm
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Figure 11. Dependence of constriction coefficlntrom ®; = 16 mm interior of spherical pieces
Figura 11. Variga coeficientului de contrge la sinterizareC; la diametreleb; = 16 mm ale pieselor sferice

- for cylindrical turned parts with exterior diareet -
di = 25 mm sintering contraction coefficient of
diameter has a variation between 11.448% and

pentru piesele strunjite cilindrice cu diametrul
exteriord; = 25 mm, coeficientul de contrge la
sinterizare a diametrului are valori cuprinse ntre

11.545%, that is comprised 0.097% at temperature 11,448%si 11,545%, cu o varige de 0,097% la

1350 °C;

temperatura de 1250 °C;

- for high hy = 15 mm of turned parts sintering - pentru piesele strunjite cuaifimeah; = 15 mm

contraction coefficient has a variation between
11.508% and 11.631%, that is comprised 0.123%
at temperature 1250 °C;

coeficientul de contrae la sinterizare are valori
cuprinse intre 11,508% 11,631%, cu o varige
de 0,123% la temperatura de 1250 °C;

- for high hy = 15 mm of turned parts sintering - pentru piesele strunjite cuaifimeah; = 15 mm

contraction coefficient has a variation between
11.535% and 11.617%, that is comprised 0.082%
at temperature 1350 °C;
- for cylindrical turned parts with exterior diareet -
d> = 15 mm sintering contraction coefficient of
diameter has a variation between 11.415% and
11.592%, that is comprised 0.177% at temperature
1250 °C;
for cylindrical turned parts with exterior diareet -
d> = 15 mm sintering contraction coefficient of
diameter has a variation between 11.462% and
11.517%, that is comprised 0.055% at temperature
1350 °C;

contraction coefficient has a variation between
11.500% and 11.584% that is comprised 0.084% at
temperature 1250 °C;

contraction coefficient has a variation between
11.482% and 11.552% that is comprised 0.070% at
temperature 1350 °C;

- for spherical turned parts with exterior diameter-
®. = 40 mm sintering contraction coefficient of
diameterCe. has a variation between 11.776% and
11.811%, that is comprised 0.035% at temperature
1250 °C;

- for spherical turned parts with exterior diameter-
®. = 40 mm sintering contraction coefficient of
diameterC. has a variation between 11.762% and
11.792%, that is comprised 0.030% at temperature
1350 °C;

coeficientul de contrae la sinterizare are valori
cuprinse intre 11,535% 11,617% cu o varigée

de 0,082 % la temperatura de 1350 °C;

pentru piesele strunjite cilindrice cu diametrul
exteriord, = 15 mm, coeficientul de contrgela
sinterizare a diametrului are valori cuprinse ntre
11,415%si 11,592%, cu o variee de 0,177% la
temperatura de 1250 °C;

pentru piesele strunjite cilindrice cu diametrul
exteriord, = 15 mm, coeficientul de contrgela
sinterizare a diametrului are valori cuprinse ntre
11,462%si 11,517%, cu o varige de 0,055% la
temperatura de 1350 °C;

for high h, = 25 mm of turned parts sintering - pentru piesele strunjite cualimeah, = 25 mm,

coeficientul de contrae la sinterizare are valori
cuprinse intre 11,500%b 11,584%, cu o varige
de 0,084% la temperatura de 1250 °C;

for high h, = 25 mm of turned parts sintering - pentru piesele strunjite cualimeah, = 25 mm,

coeficientul de contrae la sinterizare are valori
cuprinse intre 11,482% 11,552%, cu o varige

de 0,070% la temperatura de 1350 °C;

pentru piesele strunjite sferic cu diametrul
exterior ®. = 40 mm, coeficientul de contnge

la sinterizareCe a diametrului are valori cuprinse
intre 11,776%si 11,811%, cu o varie de
0,035% la temperatura de 1250 °C;

pentru piesele strunjite sferic cu diametrul
exterior ®e = 40 mm, coeficientul de contnge

la sinterizareCe a diametrului are valori cuprinse
intre 11,762%si 11,792%, cu o varige de
0,030% la temperatura de 1350 °C;
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- for spherical turned parts with interior diameter- pentru piesele strunjite sferic cu diametrul ioer
®; = 16 mm sintering contraction coefficient of @& = 16 mm, coeficientul de contrge la
diameter has a variation between 11.512% and sinterizareC; a diametrului are valori cuprinse
11.586%, that is comprised 0.074% at temperature intre 11,512%si 11,586%, cu o varige de

1250 °C; 0,074% la temperatura de 1250 °C;
- for spherical turned parts with interior diameter- pentru piesele strunjite sferic cu diametrul ioer
®; = 16 mm sintering contraction coefficient of ®; = 16 mm, coeficientul de contiée la

diameter has a variation between 11.497% and sinterizareC; a diametrului are valori cuprinse
11.564%, that is comprised 0.067% at temperature intre 11,497%si 11,564%, cu o varige de

1350 °C. 0,067% la temperatura de 1350 °C.
8. Conclusions 8. Concluzii
The experimental tests presented in this paper Testele experimentale prezentate n adéeast
highlight the following conclusions: lucrare scot in evidelurmitoarele concluzii:

1. Ascending order of degree of influence of 1. n ordine cresttoare, gradul de influgh a
sintering contraction coefficient is: the presiimgr coeficientului de contraie la sinterizare este dat
temperature, the exterior and interior piecesde: temperatura de presinterizare, diametrul
diameter ¢, @), high ) of pieces and the form of exteriorsi interior (d, ®), Tniltimea f) pieselorsi
pieces (cylindrical or spherical); forma acestora (cilindrice sau sferice);

2. Contraction coefficient for sintering of 2. Coeficientul de contrage la sinterizare
ceramic aluminium oxide has in general a quitepentru ceramica din oxidul de aluminiu are n
small variation around 11.5% as at presinteringgeneral o varige destul de miin jurul valorii de
temperature 1250 °C even at the presinterindll,5% atat la temperatura de presinterizare de 1250
temperature 1350 °C; °C, catsi la cea de 1350 °C;

3. Contraction coefficient for sintering of 3. Coeficientul de contrge la sinterizare
ceramic aluminium oxide has a consistently lowerpentru oxidul de aluminiu are constant valori mai
values for parts presintered at presintering ammici pentru piesele presinterizate la temperatara d
temperature 1250 °C even at the presinterind350 °C faa de cele presinterizate la temperatura
temperature of 1350 °C; de 1250 °C;

4. Contraction coefficient for sintering of 4. Coeficientul de contrdge la sinterizare
ceramic aluminium oxide decreases proportionapentru oxidul de aluminiu scade progonal cu
with decreasing size for parts presintered ascderea dimensiunii semifabricatului atat la
presintering temperature 1250 °C even at thdemperatura de presinterizare de 1250 °Cgickt
presintering temperature 1350 °C; cea de 1350 °C;

5. Contraction coefficient for sintering of 5. Coeficientul de contrge la sinterizare
ceramic aluminium oxide depends on the directiorpentru oxidul de aluminiu depinde de difadonei
for compaction force of the parts at presinteringde compactare a semifabricatelor atat la
temperature 1250 °C even at the presinteringemperatura de presinterizare de 1250 °C gicl
temperature 1350 °C; cea de 1350 °C;

6. Contraction coefficient for sintering of 6. Coeficientul de contrde la sinterizare
ceramic aluminium oxide is higher for the partesiz pentru oxidul de aluminiu este mai mare pentru
who are in the direction of powder compaction forcedimensiunile semifabricatelor aflate pe dir@c
so at presintering temperature 1250 °C even théortei de compactare a pulberii atat la temperatura de
presintering temperature 1350 °C; presinterizare de 1250 °C, géta cea de 1350 °C;

7. Contraction coefficient for sintering of 7. Coeficientul de contrae la sinterizare
ceramic aluminum oxide are lower values for thepentru oxidul de aluminiu este mai mic pentru
parts size who are in the perpendicular directibn odimensiunile semifabricatelor aflate pe o direc
powder compaction force so at presinteringperpendicular fata de cea faei de compactare a
temperature 1250 °C even the presinteringpulberii atat la temperatura presinterizare de 1250
temperature 1350 °C; °C, catsi la cea de 1350 °C;

8. Contraction coefficient for sintering of 8. Coeficientul de contrge la sinterizare
ceramic aluminium oxide is higher for the exterior pentru oxidul de aluminiu este mai mare pentru
size of spherical form parts so at presinteringdimensiunile exterioare ale semifabricatelor de
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temperature 1250 °C even the presinteringforma sferici atat la temperatura presinterizare de
temperature 1350 °C. 1250 °C, cati la cea de 1350 °C.
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