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HAKKINDA

Tiirk Egitim-Sen’in bilimsel yayin organi olan Tiirk Miithendislik Arastirma ve Egitimi Dergisi, miihendislik
alaninda hazirlanan giincel, 6zgiin ve nitelikli ¢alismalari yayimlayan uluslararasi hakemli bilimsel bir
dergidir. Bu dergi, ilk sayis1 15 Haziran 2014 tarihinde yayimlanan "21. Yiizyilda Fen ve Teknik" dergisinin
boliinmesi sonucu ortaya ¢ikmustir. Tiirk Miihendislik Arastirma ve Egitimi Dergisi, May1s ve Kasim aylarinda
yilda iki say1 olarak yayimlanmaktadir. Agik erisim bir dergidir ve makaleler i¢in herhangi bir degerlendirme

ve bagvuru {icreti talep etmez.

ABOUT

Turkish Journal of Engineering Research and Education, the scientific publication of Tiirk Egitim-Sen, is an
international peer-reviewed scientific journal that publishes current, original and qualified studies in the field
of engineering. This journal emerged as a result of the division of the “Science and Technology in 21st
Century” journal, the first issue of which was published on June 15, 2014. Turkish Journal of Engineering
Research and Education is published twice a year, in May and November. It is an open access journal and does

not charge any evaluation and submission fee for manuscripts.

AMAC ve KAPSAM

Tiirk Miithendislik Arastirma ve Egitim Dergisi, miihendislik alaninda giincel, 6zgiin ve nitelikli ¢alismalar1
yayimlayarak, miithendislik 6grencilerinin egitimlerini ve miihendislerin yasam boyu mesleki gelisimlerini
desteklemeyi, ayrica miihendislik alan yazinina katkida bulunmayir amaclamaktadir. Bu dergi, tiim
miihendislik disiplinlerinden 6zgiin arastirma makaleleri, derlemeler, kisa makaleler ve editore mektuplar:

yayimlamak {izere kabul eder.

AIMS and SCOPE

Turkish Journal of Engineering Research and Education aims to support the education of engineering students
and the lifelong professional development of engineers, and also to contribute to the engineering literature,
by publishing current, original and qualified studies in the field of engineering. This journal welcomes original

research articles, reviews, short articles and letters to editor from all engineering disciplines for publication.
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Code Quality Analysis Engine with Codes Written in Typescript
TypeScript ile Yazilmig Kodlar i¢cin Kalite Analiz Motoru

Mehmet Goktiirk®, Fatih Kog

Gebze Technical University, Faculty of Engineering, Mechanical Engineering, Kocaeli

Gelis / Received: 13.04.2022
Kabul / Accepted: 11.05.2022
*Corresponding Author: Mehmet Goktiirk, gokturk@gtu.edu.tr

ABSTRACT: In this study, an automatic software based on basic known software quality parameters, which can apply
static code analysis on code files written with the new generation TypeScript programming language, which is made
available by Google instead of Javascript, measure compliance with the defined standards and as a result calculate a
quality index value for the code file. quality analysis engine has been developed.

The software developed as a web application, where users can perform the analysis process through the application
interface by making the necessary configuration changes, access the analysis results, the calculated quality index value
and the list of situations that cause this value to decrease, has been arranged.

In the study, it is aimed to help software developers using TypeScript language to work in accordance with quality code
development standards and to enable these standards to be followed more easily by embodying them with the help of
a measurable metric. For this purpose, a web-based software was developed using node.js and Angular libraries, rules
were defined for the TypeScript language in this software, and it was possible to calculate a quality index value
according to the results obtained by running these rules on the analyzed file with the help of the configuration
determined by the users.

As a result of the study, different scenarios of the rules were created and the TypeScript files of these scenarios were
tested with the developed web application and the performance criteria were evaluated. A success of 62% was achieved
in the first results obtained, and the developers evaluated that the system could be used.

Keywords: Code Quality Analysis, Typescript, Angular, Software Development, Software Quality

0Z: Bu calismada Google tarafindan Javascript yerine kullanima sunulan yeni nesil TypeScript programlama dili ile
yazilmis kod dosyalar1 iizerinde statik kod analizi uygulayabilen, tanimlanmis olan standartlara uygunlugun 6l¢iilmesi
ve bunun sonucunda kod dosyasi igin bir kalite indeks degeri hesaplayan, temel bilinen yazilim kalite parametrelerini
temel alan otomatik bir yazilim kalite analiz motoru gelistirilmistir.

Kullanicilarin  gerekli konfigiirasyon degisikliklerini yaparak uygulama arayiizii iizerinden analiz islemini
gerceklestirebildigi, analiz sonuglarina, hesaplanan kalite indeks degerine ve bu degerin diismesine yol agan
durumlarin listesine erigebildigi bir web uygulamasi olarak gelistirilen yazilim diizenlenmistir.

Calismada TypeScript dilini kullanan yazilim gelistiricilerinin kaliteli kod gelistirme standartlarina uygun sekilde
¢alismalarmna yardimci olmak ve bu standartlarin 6lgiilebilir bir metrik yardimi ile somutlastirilarak daha kolay sekilde
takip edilmesini saglamak amaclanmistir. Bu amag¢ dogrultusunda node.js ve Angular kiitiiphaneleri kullanilarak
hazirlanan bir web tabanli yazilim gelistirilmis, bu yazilimda TypeScript dili i¢in kurallar tanimlanmis ve kullanicilarin
belirledigi konfigiirasyon yardimui ile analiz edilen dosya iizerinde bu kurallar ¢alistirilarak elde edilen sonuglara gore
bir kalite indeks degeri hesaplanmas: miimkiin olmustur.

Calisma sonucunda gergeklestirilen kurallara ait farkli senaryolar olusturulmus ve bu senaryolara ait TypeScript
dosyalari gelistirilen web uygulamasi ile test edilerek basarim kriterleri degerlendirilmistir. Elde edilen ilk sonuglarda
%62 diizeyinde bir bagar1 elde edilmis, sistemin kullanilabilir oldugu gelistiriciler tarafindan degerlendirilmistir.

Anahtar Kelimeler: Kod Kalite Analizi, Typescript, Angular, Yazilim Gelistirme, Yazilim Kalitesi
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1. INTRODUCTION

The Angular software development framework
system, popularized by Google, is an open source
project that can be freely used and modified by
anyone [1]. A more qualified language than
Javascript called TypeScript is used in this popular
framework, which is mostly created to develop web
applications. In this structure, frontend developers
work using frameworks such as Angular or React to
present and manipulate data efficiently.

The Typescript programming language offers a
work environment that can be easily managed by
large teams. Compared to the Javascript language
used with Angular]S, which was used in previous
software development framework, significant
advanced features have been provided to the
developers.

However, automatic examination of the developed
code is one of the important mechanisms that can
be put forward in the process of quality software
development, in order to ensure that software
developers, -who are observed to be able to
maintain old and bad habits and continue to make
various basic principle mistakes-, write quality
code.

In this study, a static code analysis was applied on
the code files written in TypeScript, which is the
programming language of the Angular framework
structure, to measure the compliance with the
predefined standards and quality guidelines, and as
a result, a system was developed that calculates a
quality index value for the code file entered into the
system.

Within the software development process, the
complexity of software projects increases as the
development process progresses, personnel
changes in software teams, the growth of project
scales and the growth in the source code base make
it difficult to maintain the code quality at acceptable
levels, and the cost of software development and
maintenance gradually increases due to the
decrease in quality [2].

With the system developed within the scope of the
study, it is aimed to help software developers using
TypeScript language to write code in accordance
with quality code development standards and to

follow these standards more easily by embodying
them with the help of measurable metrics. For this
purpose, a web-based static code analysis software
was developed using node.js and Angular libraries.

In the developed software, the number of rules for
the TypeScript language were defined and the
configuration parameters determined by the users
were created. With the help of this system, a final
quality index value was calculated according to the
results obtained by running the rules entered in the
system on the analyzed file. Furthermore new rules
can be added in a flexible structure with a
parametric approach.

In the following sections of the article, there are
literature review on the subject, the method and
material chosen for problem solving, the
technologies and tools wused, the findings,
conclusion and discussion, and references sections.

2. LITERATURE REVIEW

Traditional code analysis and problem finding has
been a popular subject for software engineering
discipline. Several tools were emerged for thei
purpose. Eslint for example statically analyzes
written code to quickly find problems. It is built into
most text editors and you can run ESLint as part of
the continuous integration pipeline [3]. The primary
reason ESLint was created was to allow developers
to create their own linting rules. ESLint was
designed to have all rules completely pluggable
where customization was priority. ESLint,
especially working with IDE and text editors,
applies static code analysis on the codes written in
JavaScript language and aims to detect errors while
writing the code [4]. Since TypeScript language is
built on JavaScript, ESLint can also analyze
TypeScript files.

SonarQube, on the other hand, provides quality and
safety analysis for code written in more than 20
languages, and is added as an extra step to the
software development process, helping to analyze
the entire project before distribution [5,6].
SonarQube can perform analyzes with the help of
an extra module specially designed for TypeScript
language.

Apart from the popular applications mentioned,
there are also smaller scale examples of similar
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static code analysis software distributed as NPM
packages.

3. METHOD AND MATERIAL
3.1 General Approach

Given the vast set of existing code quality analysis
tools, this study limited its focus to static code
analysis on TypeScript language only with high
speed generic evaluation as target pperformance
parameter.

Static code analysis approach has been followed in
this study. As described by Stefanovic et. al The
static code analysis process is useful both for
optimizing the operation of the compiler and
detecting irregularities and possible defects [7,8]
which can be used to evaluate quality as well.
Systems can be developed helping developers to
understand the behaviour of programs and to
identify various possible defects in those without
their execution performed. Static code analysis is
therefore performed by programs that explain the
behaviour of developed code.

3.2 Design

The project is designed as a web application. It is
divided into two main parts, the back-end and the
front-end. The back-end will share the results in
JSON format with the generated API by applying
static code analysis on the given TypeScript file and
checking the defined rules. The front-end part will
receive the result data via this API and visualize it
with a user-friendly interface. The backend part is
divided into 4 main parts:

e Data Processing Module: This module is
responsible from loading code file containing
TypeScript program and processes using a
typescript compiler.

e Rule Engine: It is the module where each rule to
be checked by evaluating the data of the
decoded file is applied.

e Configuration Module: It is used to create
configuration web application backend and
API services running on Nodejs. It is the
module that enables the transfer of user
preferences such as file name and information
about the rules to the application.

e APIL It is the module that is responsible from
calculating the Code Quality Index using the
results of the rules and allows these results to
be shared with the front-end of the system.

The system architecture showing dataflow that is

composed of these modules is shown in Figure 1.

TypeScript Code Analyze Engine User Interface

m—o Data Generators Rule Sets Data Visualization —>

SLOC Counter ‘ RuleSet 1 ‘ Graphs

Metric 1

Comparison results
with

Rule based, calculated

resuits for
TypeScript Code

Parser ’ RuleSet 2

‘ RuleSet 3

Figure 1: System architecture

The analysis process on the back-end was triggered
after data was obtained from the user with the help
of front-end services.

Visualization and processing of this data and
making it user-friendly and intuitive are also done
in front-end section. A structure suitable for MVC
architecture has been utilized to develop entire
system.

3.3 Technology and Tools Used

Implementation of software, that works on
developer code requires combination of several
technologies. Significal amount of parsing and
string matching is required. In this section,
information about the purposes of using each
technology and tools in the design, development
and testing process of the system are given.

3.3.1 Technologies

As the subject language Typescript is focus of this
study, same environment is used in order to
develop the system. Therefore, along with the
Typescript language, Angular framework is used
for the development of the front-end application.
For certain sections, Javascript is also utilized for
some parts of back-end and front end development
phases. As a framework, Node.js has been used to
establish server structure of the back-end
application where Express.js is used to create web
application backend and API services running on
Nodejs. HTML/CSS code processed and
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Highcharts library was accomodated to draw
graphic results on user interface. Therefore a
complete

multilayer web framework was

established to data processing and presentation.

For the data processing module, a typescript parser
(NPM Package) needed and therefore utilized.
Furthermore, “ts-file-parser” module was also used
to decode Typescript source code files successfully.
Figure 2 shows main user interface for uploading
the codefiles that is used in the study using ts-file-
parser module.

Check  Config

TypeScript Code Quality Check

Select files Upload TypeScript File
Queus length: 0

Name size Progress Status Actions

Queve progress:
Another drop zone.

e Files o files selocted

nnnnnnn

Figure 2: Code file upload interface

Usable interaction was one of the key challenges of
the study since developers are usually hesitant in
using such systems. In order to create user friendly
front-end user interface, Angular Material Design
npm package was installed along with the system,
where professional look and feel can be obtained
with relatively smaller amount of effort.

3.3.2 Tools

The system has been developed in Visual Studio
Code development environment. In order to draw
diagrams during design pahase, draw.io package
was used to draw diagrams where the functionality
in the main canvas can be controlled by tha main
application. Draw io libraries, the menus, the
toolbar, the default colours, the storage location, can
all be changed by the programmer. Furthermore,
tabulation and word processing tools were also
used to evaluate data obtained from the system.

3.4 General Structure

Once the typescript file becomes uploaded, the
back-end part of the system performs analysis of
source code file using the user preferences that are
stored in a 'configjson’ file in directory. The file
path to be analyzed, the directory path where the
result files will be created, the defined rules, the

categories of the rules, the weights of the rules in the
code quality index and the preferences of these
rules are included in this configuration file along
with other necessary parameters. We have observed
similar approaches were used in previous studies
literature [9-11]. These quantity of these parameters
can later be extended for practical purposes. The
user is expected to make any changes and
modification before running the backend of the
application and restart the backend process after
any changes are made. For the study, there are only
certain rules that are tested. Since the main purpose
of the study is to test viability and workability of
such a technique, limited number of rules were
implemented. The rules that are included in
preferences file are given in Table 1. In Table 1, rule
names, categories and content of the rule is
summarized.

The initialization of system requires a backend
server to be started manually. After the backend
server is started, it will constantly listen to the
specified port and respond to incoming HTTP
requests for source file analysis processing task. The
analysis process is then started with the request
from the front end client per uploaded file. As the
analysis process starts, the file to be analyzed will
be read/parsed and this file will be analyzed in
different ways with the help of the 'typescript-
parser' and 'ts-file-parser’ NPM packages used
within the system. In this way, asynhronous use of
parser and source code evaluator becomes possible
by multiple clients. It is expected that in large
software development teams, code quality check
service will be used frequently by the developer
IDE systems.

Through the decomposing process of input files,
data obtained as a result will be analyzed using the
implemented rules. In order to accomplish this task,
“rule checks” of this input source file are necessary.
The system then makes these rule checks. Each rule
is evaluated and an individual rank value is
obtained from the execution of each rule. Based on
the ranks obtained from each rule, a code quality
index is then calculated by the results from the
rules. Then all of the results will be collected in an
object in JSON format and sent as response to the
incoming request coming from the client computer
user interface.
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Table 1: Defined rule set.

Rule Name

Category Content

duplicatingLibraryNa Code Checks for duplicate

mes Quality libraries.

Translation results

duplicatingSpecifiers Checks for duplicate

Code
lit
Quality library modules.
Controls the naming

Code of defined variables

e C i
nammgl-onvention Standards and function
parameters.

Controls the return

Code
methodReturnType . data types of
Quality :
functions.
methodLOC Code Controls the line

Quality  count of functions.
Controls the data

methodArgumentTyp  Code types of the
e Quality  parameters of the
functions.
Checks the data
fieldType Cod.e types of tbe variables
Quality  belonging to the
classes.
Checks if there is a
Code descriptive comment
commentsForMethods

Standards at the beginning of
the functions.

The response obtained from back end and
transferred to the the front-end side is interpreted
in various ways and visualization of the data is
provided using a graphics library. Charts were
created using the open source Highcharts library,
and the incoming data is plotted using these charts
and visualized [12]. Then it becomes possible to
access the code quality index obtained as a result of
the analysis and the existing exceptions via the user
interface. This will give a stimulating and criticizing
index value and graphics explanation for the
developer user interface.

4. RESULTS

Although the study is only to test the viability of the
methodology, it has been observed that the source
code analysis and quality assesment process works
successfully in general. It has been observed that file
parsing performance is a key factor in order to get
acceptable results. It has also been observed that the
defined rules can detect undesirable situations in

the file as expected. Therefore special exception
handlers are necessary in order to achieve more
clean and meaningful output. This, in turn is similar
to some other developer who has no domain
knowledge on subject of code, checking the source
code quality visually. It has been observed that the
“Code Quality Index” is calculated correctly, taking
into account the weights and error numbers given
by the user. This index has been manually checked,
and verified by the developer team and research
team.

It has been observed that the backend application
architecture prepared with Node.js and Express.js
works in relatively good performance for multiuser
application to be installed on a web server. With
multiuser client availability, a future system might
collect requests from IDE applications which
developers use for development. Then, quality
assesment tasks can be handled at the background
with consent of the developer.

In the study performed, some data is seemed
missing in several graphics drawings in the front-
end application prepared with Angular, therefore it
has been observed that improvements and bug fixes
were made in the front-end application to overcome
these issues. In Figure 3, parsed structures are
displayed with respect to their categories.

Result

Total @ Passed Ervor

Figure 3: Analysis Display Graph 1 from interface

As for the results, for the test run, under 2 different
categories, 8 rules were implemented, the success
rate of 4 of checking these rules was observed to be
100%, and for 4 rules, it was observed that it
remained slightly below the success target of 85%.
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62.16216216216216

Figure 4: Analysis Display Graph 2 from interface

Speed characteristics of the system performance is
also measured. It has been observed that the
analysis process of a 200-line TypeScript file took
less than 1 second, and it took around 500
milliseconds on average in the tests performed.
Code Quality Index values were given in Figure 4
along with individual analysis results. This index
was calculated as a mean value for all individual
indices. In Figure 5, each rule is displayed and
matching rules and violations were reported to
compute resulting scores for each parameter.

It was also observed that it was very hard to
pull/import a single file from the GIT system, and
GIT integration was therefore abandoned
temporarily because it was an efficient way to
download the entire project and analyze a single file
through it. Further elaborations are required in
order to address this problem for full integration
with GIT system to be used seamlessly as a GIT
plug-in.

Calculated Index: 69

Potential Index: 111, can be increased 42 by fixing errors listed:
Code Quality Errors, Total: 17, Passed: 11, Errors: 6
« duplicated library name ‘@anqular/core, starts at char 51, ends at 109
« duplicated specifier ‘Oninit' from import ‘@angular/core’, starts at char 51, ends at 100.
« method 'getOrders’ has not have a return type, starts at char 398, ends at 728
+ method 'testMethod' has not have a return type, starts at char 728, ends at 783
« argument ‘argumentWithoutType has not have a specific type, starts at char 526, ends at 546,

« field 'subtitle’ has not have a specific type

Code Standard Errors, Total 13, Passed: 10, Errors: 3
« variable ‘testString’ not matching naming convention, starts at char 554, ends at 580
« method 'ngOnlinit’ has not have a comment on top, starts at char 372, ends at 398
« method ‘testMethod’ has not have a comment on top, starts at char 728, ends at 783.

Time Passed: 44 ms

Figure 5: Analysis Display List: Index Value

5. CONCLUSION

In this study, it was aimed to measure and assess
source code compliance with predefined standards
by applying static code analysis on code files
written in TypeScript programming language. Then
as aresult, it was aimed to calculate a “Code Quality
Index” value for the file that was supplied.

With this study, the goal was to create a tool to help
software developers using TypeScript language to
work in accordance with quality code development
standards and to make these standards easier to
follow by embodying them with the help of a
measurable metric. This objective is demonstrated
in this study that it can be achieved with success.

The basic requirements within the scope of the
initial goals of study were fulfilled, and a Code
Quality Index was calculated for each file as a result
of this analysis by applying static code analysis.

There are further improvements that can be done in
various aspects of the stidy and these are listed as
follows:

e Creating as many different test scenarios as
possible and continuing to develop existing
rules to improve success rates.

* Implementation of more rules, and
extendible rule library for better code
quality management

e Making user interface improvements to
enhance interaction.

e Having multiple uploads working for large
projects.

e Creating different user accounts for the
web application and keeping their
individual configurations in the database
and managing them through the interface.

* Creating more realistic results using
sophisticated methods and heuristic
additional methods for calculating the
Code Quality Index.

e Using machine learning algorithms to
create a second quality index using tagged
codebase as learning set.
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Through the interviews, it has been seen that
developer personnel performance and motivastion
can be increased with the structure obtained as a
result of this study. Further gamification and
ranking approaches can also enhance this increase.

Having a server based code quality checking
system will enable development of a future self
learning code quality checking system which may
extract rules using uploaded and developed code
by the developers, slowly adapting to enterprise
coding behaviour and standards. This will be
studied in further research.

Today, developer satisfaction and performance are
of great importance for companies. Software
developers do not want to stay in institutions where
old approaches are preferred. For this reason, the
effect of increasing the motivation of software
developers to stay in the institution will be
significant.
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0Z: Bu calismada, 58 HRC sertliginde DIN 1.2550 malzemenin karbiir kesici uglarla frezelenme performansi
aragtirilmistir. Deneylerden elde edilecek sonuglar kullanilarak, bu gibi zor kesme sartlar1 igin uygun olabilecek
frezeleme parametrelerinin tespit edilmesi amaglanmistir. Frezeleme islemleri kuru sartlarda 0.25 mm sabit kesme
derinliginde, 4 farkli kesme hiz1 (50, 75, 100 ve 125 m/dak) ve 3 farkl ilerleme (0.1, 0.15 ve 0.2 mm/dis) degerinde
yapilmistir. Uygun olan parametre seviyelerinin belirlenmesi i¢in yiizey piiriizliliigii (Ra), kesici takim asimmas: ve
olusan talaglar degerlendirilmistir. Ra sonuglarin istatistiksel olarak degerlendirilebilmesi i¢in varyans analizi
yapilmistir. ilerlemenin artmas: ylizey plriizliliigiinii arttirmig ve yiiksek kesme hizinda kesici takim asmmasi
artmistir. Daha az yiizey piiriizliliigii icin diisitk kesme hizi ve ilerleme parametrelerinin uygun olacagi belirlenmistir.
En diisiik 100 m/dak kesme hiz1 degerinde 0,1 mm/dis ilerlemede 0,19 pum olarak 6l¢iilmiistiir.

Anahtar Kelimeler: DIN 1.2550 celigi, ylizey piiriizliiliigii, takim agmmasi, sert parca frezeleme

ABSTRACT: In this study, the milling performance of DIN 1.2550 material with a hardness of 58 HRC with carbide
inserts was investigated. By using the results obtained from the experiments, it is aimed to determine the milling
parameters that may be suitable for such difficult cutting conditions. Milling operations were carried out in dry
conditions at a constant cutting depth of 0.25 mm, 4 different cutting speeds (50, 75, 100 and 125 m/min) and 3 different
feeds (0.1, 0.15 and 0.2 mm/tooth). Surface roughness (Ra), cutting tool wear and chips were evaluated to determine the
appropriate parameter levels. Analysis of variance was performed in order to evaluate the Ra results statistically. The
increase in feed increased the surface roughness and the wear of the cutting tool increased at high cutting speed. It was
determined that low cutting speed and feed parameters would be appropriate for less surface roughness. It was
measured as 0.19 um at 0.1 mm/tooth feed at the lowest cutting speed of 100 m/min.

Keywords: DIN 1.2550 steel, surface roughness, tool wear, hard milling

L. yayginlasmaktadir [2]. Celiklerin sertlestirildikten
1. GIRIS sonra islenmesiyle elde edilen yiizey Ozellikleri
taslama operasyonlarina gore daha uygun
o ) - ) olabilmektedir. Sekil ve iistenen ytiizey kalitesinin
glictinii  koruyabilmek adma siirekli olarak bir islemede elde edilebilmesi miimkiin
olabilmektedir. Sogutma sivist kullanmadan
seramik, CBN, PCD ve kaplamali karbiir kesici
takimlar ile isleme yapilabilmesi bir avantajdir [1].
Sertlestirilmis celiklerin frezelenmesi, geleneksel
islemeye kiyasla daha diisiik iiretim maliyeti ve
siiresi  sebebiyle Onemli faydalar saglar.

Talashi imalat endiistrisinde genis Olgekli rekabet

maliyetleri diisiirmek hedeflenir En yiiksek kaliteye
ve diisiik maliyete ulasmak icin caba sarf edilir.
Makine imalat sektoriinde celiklerin
sertlestirildikten sonra islenmesi maliyet ve yiizey
Ozellikleri  gibi  beklentilerden dolayr ilgi
gormektedir. Aks, mil ve kalip elemanlarinin
islenmesinde sertlestirme 1sil isleminden sonra
isleme uygulanmaktadir [1]. Bu alanlarda
sertlestirilmig celiklerin frezelenmesi

Frezelemedeki sicaklik degisimi, kesici takimlarin
asinmasini etkileyen 6nemli bir faktordiir. Hatali
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frezeleme parametreleri secimi, asir1 takim
asinmasina ve artan ylizey piriizliiliigline neden
olabilir. Bu nedenle, sertlestirilmis celiklerin
frezelenmesi sirasinda

incelenmesine ihtiyag vardir.

islenebilirligin

Sert takim celiklerinin frezelenmesinde centik,
yapisma ve ufalanma asinmasi mekanizmalari
belirgin mekanizmalar olarak ¢ne ¢ikmaktadir [3].
Sertlestirilmis ve temperlenmis Bohler K390
celiginin kaplamali karbiir uglarla frezelenmesinde
disiik piiriizliillilk ve asinma yiiksek sicaklikta
temperlenmis numunede elde edilmistir. islenmis
ylizeylerde taslama kalitesi elde edilmistir [4]. 58
HRC AISI D6 ¢eliginin karbiir kesiciler ile
frezelenmesinde, artan ilerleme ylizey
piirtizliilliigiiniin arttirmistir. Istenen diisiik yiizey
puriizliliigiinii elde etmede kesme hizi ve
ilerlemenin daha az oldugu kosullar uygundur [5].
Scandiffio vd., kesme hiz1 ile takim-yiizey
temasinin takim aginmasi ve yiizey plriizliligi
uzerindeki etkisi aragtirmistir. Takim merkezi ile is
parcasi arasindaki temasin, sertlestirilmis geliklerde
serbest bi¢imli ylizeyleri frezeleme sirasinda takim
Omriinti  artirabilecegini  ve  pirizlilugi
azaltabilecegi belirtilmistir. Ayrica, takim 6mrti igin
en etkili faktoriin takim titresimi oldugunu
gostermektedir. Titresim ne kadar yiiksekse, takim
omrii o kadar kisa olur [6, 7]. Benzer bir ¢calismada,
sertligi 62 HRC olan AISI D6 celiginin kavisli,
digbiikey yiizeyinin kiiresel uglu parmak freze ile
frezelemesinde takim omrii, kesme kuvvetleri ve
ylizey piriizliligh arastinlmigtir. Yapisma ve
kesme kenarimin ufalanmasi belirgin asinma
mekanizmasidir [8]. Castanhera ve Diniz, ilerleme
yonii (yukar1 ve agsagr dogru daire) ve egim agisi
(takim egimi) degiskenleriyle dairesel bir digbiikey
sertlestirilmis celik is parcasinda birkag frezeleme
deneyi gerceklestirmislerdir. Yukar1 dogru takim
yolunun ¢ogunlukla yiiksek piiriizliilitk degerleri
sundugunu ve bunun da takim egiminden
etkilendigini gostermektedir. Asag1r dogru takim
yolu, daha az pitrizliiliikk degeri sunmustur [9].
Gaitonde, AISI D2 celigin frezeleme sirasinda
kesme hizi, ilerleme hizi ve radyal kesme
derinliginin frezeleme sicakligy, ylizey piiriizliiliigi
ve kesme kuvveti lizerindeki etkisi, yanit ylizey
metodolojisi (RSM) tabanli modeller kullanilarak

arastirmistir. Yiizey piiriizliiliigiiniin kesme hizi ile
dogrusal olmayan bir sekilde arttig1 ortaya
cikmistir [10]. Seramik kesici takimlar, islenmesi zor
kesilmesinde

malzemelerin yaygin  olarak

kullanilmaktadir, ancak seramik frezeleme
kesicilerinin uygulamalari, tasarimlar1 ve iiretim
kisitlamalari nedeniyle smirhdir. Sertlestirilmis
AISI H13 ¢eligin (HRC 60-62) islenmesinde Si3N4,
Ti (C, N), SG4 ve LT55 dahil olmak {izere dort
seramik  parmak freze takiminin = kesme
performanslarint  incelenmis. Seramik parmak
frezeleme takimlarmmin kesme kuvvetlerinin,
belirtilen sinterlenmis karbiir takimlardan daha az
oldugu ve Si3N4, Ti (C, N) ve LT55 gibi bu tiir
seramik takimlarin daha iyi yiizey Kkaliteleri
tirettigi, daha uzun takim 6miirlerine sahip oldugu
belirtilmistir [11]. AISI H13 sertlestirilmis celigin
ylizey frezelemesinde karbiir kesici takim
kullanildiginda nispeten uzun bir takim 6mrii ve
diisitk enerji tiiketimi elde etmek icin simetrik
frezelemede 0.2 mm / dis civarinda bir degere sahip
dis basina ilerleme ve 150 ila 250 m / dak arasinda
degisen kesme hizi kullanilmalidir. Asagi
frezelemede dis bagina ilerleme 0,15 ila 0,2 mm / dis
araliginda ve kesme hizi 100 ila 200 m / dak
arasinda olmalidir. Yukar: frezelemede 0,2 mm /
dise yakin dis basina ilerleme ve 200 ile 300 m / dak
arasinda kesme hizi benimsenmelidir [12].
Machado ve Diniz c¢alismalarinda, siirekli ve
darbeli kesme sirasinda birkag sertlestirilmis geligin
islenmesinde  ortaya c¢kan takim asinma
mekanizmalarini analiz etmektedir. Tornalama ve
frezeleme islemlerinde uygulanan kiibik bor nitriir,
seramik ve PVD kapli karbiir uglar gibi farkli takim
malzemesi tiirlerinin asinma mekanizmalar1 analiz
edilmistir [13]. Hassanpour vd., c¢alismalarinda
minimum miktarda yaglayicr kullanilarak 4340
alasimhi  celigin sert frezelemesinde kesme
parametreleri ile islenmis yilizey bitinligii
arasindaki iliski arastirmigtir [14]. AISI S1 soguk is
takim celiginin seramik ve CBN kesici takimlarla
yiiksek hizda sert tornalamasi {izerine yapilan
seramik ve CBN

performansi, isleme kuvveti, yiizey piirtizluligii ve

calismada, takimlarinin
takim aginmasia gore degerlendirilmistir. CBN
kesici, seramik kesiciye gore daha iyi bir
performans

sergilemistir. ~ Sertlestirilmis  is

parcasinin  tornalanmasindan sonra taslama
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kalitesinde ytizeyler elde edilmistir [15]. Giinay,
asinmis bir makine parcasinin sert frezelenmesinde
siirdiiriilebilirlik i¢in isleme kosullarinin kapsamh
analizini yapmistir. Tlk olarak X40CrMoV5-1 sicak
is takim celiginden yapilan kesme bicaginin asinmis
dolduruldu.

parganin

bolgesi elektrik ark kaynag: ile
Ardindan,
islenmesinde farkl

sert dolgu  kaynakh

kaplamali karbiir uglarin
performansint analiz etmek igin sert frezeleme
deneyleri yapilmistir. Optimum sonuglar PVD-

AITiCrN kaph takim ile elde edilmistir [16].

Sertlestirilmis
frezelemesine

celigin  yiiksek hizli  yiizey
iligkin daha fazla arastirma
yapilmalidir. Aralikli sert kesmede daha yiiksek
kesme hizinda ortaya ¢ikan 6zelliklere odaklanmak
icin daha fazla calismaya ihtiya¢ vardir. Sert
frezelemede gecici kesme sicakliklarinin dogru
analizinin yapilabilmesi frezelemede 1s1
kaynag1 yogunlugunun ve alaninin gelisimine
dikkat edilmelidir. Hasar mekanigi, aralikli sert
kesmede takim malzemesinin mikroskobik hasar
analizi ile makroskopik kirilmasi arasinda bir koprii
olarak diistiniilebilir [17]. Kesici kenardaki olasi
sekilde
incelemek ve analiz etmek ¢ok Onemlidir.
Genellikle 35 HRC'nin {izerinde olan yiiksek
sertlige sahip malzemeleri islerken, yiiksek kesme
kuvvetleri ve olusan 1s1 nedeniyle hizli takim
aginmasina ve kisa takim omrii olusur. Sertlik 45
HRC'yi astiginda, durum daha da kétiilesir ¢iinkii
talaslar, bolgesel kesme,
sicakliklar ile olusan stirekli tirtikhi tiplere degisir.
Bu tip isleme kosullar1 i¢in seramik ve CBN kesici
kullanilir. Darbeli kesimde
sinterlenmig karbiirler siklikla Sert
islemede asinma mekanizmasi analizi bu nedenle
Ozel bir Onem tasir.

icin,

asinma mekanizmalarini

dogru bir

artan kuvvetler ve

malzemeleri
kullanilir.

Kesici takim {iiretiminde ortaya c¢ikan gelismeler
basta sertlestirilmis celikler olmak {izere igslenmesi
zor olan pek ¢ok malzemenin islenmesini miimkiin
kilmaktadir. Ayrica endiistriyel alanda pek ¢ok
sertlestirildikten
islenmesine olan ilgilerini arttirmaktadir. Yapilan
calismalar degerlendirildiginde, celiklerin
sertlestirildikten sonra frezelenmesine yonelik ¢ok
sayida calisma vardir. Ancak, gelistirilen celik
turleri ve kesici uglar bu alandaki ¢alismalarin

tiretici  parcalarin sonra

devam etmesini saglamaktadir. Hazirlanan

10

calismada, agirlikli olarak kalip ve kesici yapiminda
kullanilan sertlestirilmis (58 HRC) AISI S1 soguk is
takim celiginin karbiir kesiciler ile frezelenme
performansi Performans
degerlendirmesinde yiizey piriizliliigii, kesici

takim aginmasi ve talas olusumu dikkate alinmistir.

aragtirilmigtir.

2. MATERYAL ve METOD

Deneylerde 58 HRC sertliginde DIN 1.2550 soguk is
takim celigi numune kullanilmistir. DIN 1.2550
soguk is takim celikleri, asinmaya ve darbelere
direngli bir celiktir. Kesme zimbalari, kiricilar,
desen kaliplari, ahsap isleme takimlari ve metal
para basma takimlar1 ic¢in kullarulir. DIN 1.2550
soguk is takim celiginin kimyasal kompozisyonu
Tablo 1 ’de verilmistir.

Tablo 1: Frezeleme numunesi DIN 1.2550 geliginin
kimyasal bilesimi (agirlik¢a %)

C Si
0.74

Cr A%
0.16

1.88

Grafih vz st Arelie

Sekil 1: Deneysel prosediir

Frezeleme deneyleri max 8000 d/dak devir sayis: ve
7.5 kW motor giiciindeki AWEA BM-850 CNC
tezgahinda gerceklestirilmistir. Deneylerde APKT
11T308-PM PVD Al:Os kaplamali P10-P30 Kkalite
karbiir kesici uglar (Sekil 1) kullanilmistir. Bu uglar
@ 25 mm silindirik takim tutucu ve bilyali pens ile
fener miline baglanmistir. Yiizey piiriizliiliikleri
TIME TR200 izleyici ug tip piirtizliiliik 6l¢tim cihaz1
ile ti¢ degisik bolgeden Ol¢iilmiistiir. Olciimler
sirasinda Ornekleme uzunlugu 0.8 mm alinmigtir.
INSIZE elektronik mikroskop ile deneylerden sonra
kesici uglarin goriintiileri asinma davranislarinin
belirlenmesi i¢in alinmistir. Literatiirden ve kesici
takim {ireticilerinin tavsiyelerine gore deneylerde
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kullanilacak kesme parametreleri belirlenmistir.
Parametre seviyelerinin belirlenmesinde 6ncelikle
deneme deneyi yapilmis ve buna gore parametreler
yenilenmistir. Deneylerde kullanilan kesme
parametreleri Tablo 2’de verilmistir.

Tablo 2: Kesme parametreleri

Seviyeler
P 1
arametreler 1 > 3 1
Kesme Hiz1 (Vc), m/dak | 50 75 100 125
Ilerleme (f), mm/dis 0.1 | 0.15 0.2 --
K T
esme Derinligi 025

(ap), mm

Frezeleme operasyonlari i¢in ayni yonlii frezeleme
yontemi  kullanilmugtir.  Olgiilen  piiriizliilitk
degerinin ortalamasi alindiktan sonra iligki
grafikleri hazirlanmistir. Kesici takim aginmalar1 ve
talas incelemeleri igin elektronik mikroskop
kullanilmistr.

3. DENEY SONUCLARI VE TARTISMA

Deney parametrelerine gore gergeklestirilen
frezeleme deneylerinden sonra Olgiilen yiizey
purtizliliigti (Ra) degerleri, kesici u¢ asinma ve
talas goriintiileri degerlendirilmistir. Ra ile
frezeleme parametreleri arasindaki iligkiyi gosteren
grafik Sekil 2'de verilmistir. Grafikte, tim kesme
hiz1 degerleri igin ilerlemenin artisiyla Ra degeri
artmistir. Artan ilerlemeye bagh olarak frezelenen
ylizeyde kesici izleri arasindaki mesafenin artmasi
piiriizliilitk degerini arttiracaktir. Teoride ylizey
pliriizliiliigii 6nce ilerleme ve kesici ug yarigapinin
bir fonksiyonudur. Ilerlemenin artmasi Ra'yi
arttirirken, ug yaricapinin artmas: azaltmaktadir.
Ra'min artma egilimi 75 m/dak kesme hizinda
ilerleme artisina gore fazla degildir. flerlemenin 0,1
minimumdan 0,2 mm/dis ¢ikmasiyla Ra artis1 2.78
kat olarak 125 m/dak kesme hizinda oOl¢lilmiistiir.

Deney malzemesinin 58 HRC sertlikte olmasina
bagl olarak kesme hizinin artmasiyla artan takim
aginmasi ve kesme geometrisinin hasar gérmesi de
bu drumun sebebi olabilir. 100 m/dak kesme hizi ve
0,1 mm/dis ilerlemede en diisiik Ra degeri 0,19 um
Olciilmiistiir. Belli bir asamaya kadar, artan kesme
hizinin  kesme bolgesinde kesme islemini
kolaylastirmasi nedeniyle Ra degeriniin azalmasi
beklenirken bu deneylerde diizenli bir degisim
goriilmemistir. Bu durum sertlestirilmis celigin
frezelenmesinde ortaya ¢ikan sartlara karbiir
kesicinin tepkisi ile iliskilendirilebilir.

Frezeleme parametreleri ile Ra arasindaki iliskinin
analiz edilmesi igin varyans analizi (ANOVA)
yapimistir. Tablo 3te ANOVA sonuglar
verilmistir. Burada bir parametrenin P degeri 0,05
den kiiciikse % 95 giiven diizeyinde parametredeki
degisimlerin sonug tizerindeki etkisi istatistiksel
olarak anlamlidir. ilerleme icin P=0,014<0,05
oldugundan anlamlidir. Fakat kesme hiz1
P=0,475>0,05 oldugundan kesme hiz1
seviyelerindeki degisimin Ra sonuglarin1 anlaml
diizeyde etkilemedigi sOylenebilir.

Yiizey Piiriizliligi, Ra

Yiizey Piiriizliiliigi Ra (jim)

[lerleme (mm/dis)

=P=\C: S0 m/dak ==@=V¢: 75 m/dak Ve 100 m/dak Ve 125 m/dak

Sekil 2: Farkli kesme hizlarinda Ra degerinin
ilerlemeye gore degisimi

Tablo 3: Ra degerlerinin ANOVA sonuglar1

. Ser. | Kareler E- P- %
Faktor Varyans . N
Der. | toplami degeri | degeri | Katki
K
eSMe 31 0.02513 | 0.008376 | 0.95 | 0475 | 835
Hizi, Vc
Herlfeme’ 2 | 016626 | 0083132 | 9.41 | 0.014 | 82.85
Hata 6 | 0.05303 | 0.008838 8.80
Toplam | 11 | 0.24442

11
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Kesme Hiz1 (Vc), m/dak

Ra, pm

0,40

0,30

100

Tlerleme (£), mm/dis

0,20

Sekil 3: Ra degerleri icin ana etki grafigi

Sekil 3'teki ana etki grafigine bakildiginda, yatay
ortalama ¢izgisine gore daha dik a¢1 yapan ilerleme
egrisinin Ra tizerindeki etkinliginin fazla oldugu
sOylenebilir. Ana etki grafigi de ilerleme artisinin
Ra'y1 arttirdigini teyit etmektedir. Kesme hiz1 ise
degisken bir tavir sergilemistir.

58 HRC sertlikteki DIN 1.2550 soguk is takim
celiginin kuru sartlarda frezelenmesinde kesici ugta
asinma olmasi miimkiindiir. Yapilan her frezeleme
deneyinden sonra kesici kenar elektronik
mikroskop ile incelenmistir. Sekil 4'te Vc =50 m/dak
ve f= 0.15 mm/dis parametresinde kullanilan
kesicinin asinma goriintiisii verilmistir. Talas
ylizeyini gosteren sekle bakildiginda, yer yer kiigiik

BlParcacik kopmalari

kopmalarin oldugu ve krater asinmasi baslangici

goriilmektedir. Bu asinmalar abrasiv asinma
mekanizmast ve sert parca frezeleme sirasinda
olusan yiiksek kuvvetlerin sonucunda

olusmaktadir. Serbest yan ytlizeye bakildiginda ise
belirgin bir asinma goriilmemistir. Sekil 5'te Vc=125
m/dak ve f=0.15 mm/dis parametresinde kullanilan
kesicinin asinma goriintiisii verilmistir. Talas
ylizeyine bakildiginda pul pul dokiilme ve artan
parcacik kopmasi, serbest yan yiizeyde ise abrasiv
aginmanin yiiksek kesme hizinda hizla ilerledigi ve
kesici u¢ kenar kirilmasiyla sonuglandig tespit
edilmistir.

Serbest yan yiizey

Sekil 4: Vc =50 m/dak ve f= 0.15 mm/dis parametrelirinde kesici kenarda asinma

12



Serbest yan yiizey

Sekil 5: Vc =125 m/dak ve f= 0.15 mm/dis parametrelerinde kesici kenarda asinma

Talas kaldirma isleminin degerlendirilmesinde
talas formu da ele alinmaktadir. Frezeleme
deneyleri sirasinda toplanan talaglar elektronik
mikroskopta incelenmistir. Sekil 6’da Vc =50 m/dak
ve f=0.15 mm/dis parametresinde, Sekil 7’de ise Vc
=125 m/dak ve f= 0.15 mm/dis parametresinde
toplanan talaglarin gorselleri verilmistir. A harfli
resimler genel talas, B harfli resimler genel talas
goriintiisiiniin yakindan goriintiisiidiir.

Sekil 6: Vc =50 m/dak ve f= 0.15 mm/dis
parametrelerindeki talaslar

Sekil 7: Vc =125 m/dak ve f= 0,15 mm/dis
parametrelerindeki talaslar

Resimler incelendiginde, 125 m/dak kesme hizinda
(Sekil 7) talasin egrilik yaricapinin 50 m/dak kesme
gore gore (Sekil 6) fazla oldugu
goriilmektedir. Talagin olusumu sirasinda egrilik
yaricapt kesme hizinin artmasiyla artar. Artan
kesme hizi kesme kuvvetini arttirarak talas

hizina

13

tizerindeki bitkme momentini arttirir [18]. Ayrica
talaglarin  plastik deformasyonunu
talaglarin tirtikli kenarlari olusmasina yol agar.

artar ve

4. SONUC

Yapilan bu ¢alismada 58 HRC sertlikteki DIN 1.2550
geliginin frezelenmesinde yiizey piriizliiliigii,
kesici takim asinmasi ve talag formu incelenmistir.
Elde edilen baslica sonuglar asagida siralanmistir.

e Yiizey piiriizliiliigii ilerlemenin artmasiyla
Onemli 6l¢iide arttirmigstir.

e ANOVA sonuglar1 ve ana etki grafigi
ilerleme parametresinin en etkin parametre
oldugunu ve kesme hizinin etkisini
olmadigim gostermistir.

e 100 m/dak kesme hiz1 ve 0,1 mm/dis
ilerlemede 0,19 um degerinde en diisiik Ra
Ol¢lilmiigtiir.

e Kesici takim asinmalar1 agisindan, abrasiv
asinma, pul pul dokiilme, yan yiizey
asinmas1 ve kirilma goriilmiistiir. Diisiik
kesme hizindaki asinma kabul edilebilir
diizeydedir.

e Artan hizina olarak

kesme bagl

talaglardaki deformasyon artmigtir.
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OZ: Termo-Mekanik (TM) yogunlastirmanin masif aga¢ malzemenin parlaklik ve sertligi {izerine etkisini belirlemek
¢alismanin temel hedefidir. Bu amag¢ dogrultusunda tilkemizde dogal yetisen Uludag goknari (Abies nordmanniana)
deneme materyali olarak secilmistir. %0, %20 ve %40 oranlarinda TM yontemle yogunlastirilan masif agag
malzemelerde sertlik Sl¢iimii ve parlaklik dl¢iim gergeklestirilmistir. Elde edilen degerler grafikler haline getirilmis ve
sonuglar karsilastirmali olarak degerlendirilmistir. Elde edilen verilere gore %0, %20 ve %40 yogunlastirma oranlarmda
sirastyla 60° ‘de parlaklik degerleri 2.84, 2.90, 3.47 sertlik degerleri ise 42.70, 44.78, 57.55 olarak tespit edilmistir.
Yogunlastirma ve yogunlastirma oraninin artmasi ile parlaklik ve yiizey sertlik degerlerinde artma meydana gelmistir.

Anahtar Kelimeler: Termo-mekanik, yogunlastirma, parlaklik, sertlik, Uludag goknari

ABSTRACT: The main objective of the study is to determine the effect of Thermo-Mechanical (TM) densification on the
brightness and hardness of solid wood material. For this purpose, Uludag fir (Abies nordmanniana), grown naturally
in Turkey, was chosen as the experimental material. Hardness measurement and brightness measurement were
performed on solid wood materials that were densified by the TM method at 0%, 20%, and 40%. Graphs were drawn
with the obtained values, and the results were evaluated comparatively. According to the data obtained, brightness
values at 60° at 0%, 20%, and 40% concentration ratios were determined as 2.84, 2.90, and 3.47, hardness values as 42.70,
44.78, 57.55. The surface brightness and hardness values increased with the densification and densification ratio
increase.

Keywords: Thermo-mechanic, densification, brightness, hardness, Uludag fir

1. GIRis

Aga¢ malzemenin bazi olumsuz O6zelliklerini
ortadan kaldirmak veya en aza indirmek igin
gerceklestirilen bilimsel ¢calismalar ve arastirmalar
farkli  "Ahsap
gelistirilmis  ve

sonucunda, Modifikasyonu

Yontemleri" hale

gelmistir [1-4].

uygulanir

Yiiksek yogunluktaki ya da yogunlugu artirilmis
agac malzemeler, alternatif diger malzemelerin
yerine kullanilabilmektedir [5-6].

15

Masif aga¢ malzemenin yogunlugu arttikca, bosluk
hacminde azalmanin meydana gelmesi nedeniyle
mukavemet Ozellikleri artmaktadir [7]. Boylece
yogunlastirma ile aga¢ malzemenin mekanik
Ozellikleri iyilestirilmekte ve higroskopikligi
azaltilabilmektedir [8].

Agac malzeme cesitli yontemler kullanilarak
yogunlastirilabilmektedir. Bunlar; Termo-Mekanik
(TM), Termo-Higro-Mekanik (THM), Termo-Vibro-
Mekanik (TVM) yogunlastirma ve Viskoelastik-
Termal-Sikistirma  (VTC)
siralanabilmektedir [9].

yontemleri  olarak
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TM yogunlastirma agik bir sistemde sicaklik ve
basincn  etkisi altindaki ahsap malzemenin
yogunlugunun  arttirilmasi ™
yogunlastirma islem siireci, 150-200°C arasinda
degisen sicaklik derecelerinde, %40, %50 ve %60
sikistirma oranlarinda uygulanabilmektedir. Ahsap
TM  yontemle  sikistirilabilme
ozellikleri; yogunluk, yaz odunu orany, hiicre ¢eperi

islemidir.

malzemenin

hacmi gibi aga¢ malzemenin anatomik 6zellikleri ile
sikistirma yoniine bagh bulunmaktadir [5].

Yogunlastirma islemi sonucunda aga¢ malzemede
olumlu ve olumsuz bir¢ok degisiklikler meydana
gelebilmektedir. Bu degisimlerin neler oldugunun
yogunlastirilmig
degerlendirilmesinde ve kullanim yerinin optimum
belirlenmesinde énemli bulunmaktadir. Bu durum

bilinmesi malzemenin

goz Oniine alindiginda bu c¢alismada Uludag
goknari agag tiiriinde kullanim yeri i¢in 6nemli olan
yogunlastirma isleminin parlakliga ve sertlige etkisi
arastirilmigtir.

2. MALZEME VE YONTEM
2.1 Malzeme

Bu calismada Tiirkiye’de dogal olarak yetisen
Uludag goknar1 (Abies nordmanniana) agag tiirii deney
materyali olarak kullanilmistir.

211 Yontem

Deney 6rnekleri agag tiiriine ait tomruktan TS ISO
3129 standardinda belirtilen esaslara uyularak diri
odun kismindan elde edilmistir [10]. Hazirlanan
kaba olglideki aga¢ malzemeler dogal iklim
kurusu rutubet

kosullarinda hava

ulasincaya kadar bekletilmistir.

oranina

Sikistirllarak yogunlastirma ile 20 mm kalinlik elde
edilmesi amaglanmistir. Bu amagla %20 ve %40
sikigtirma yogunlastirma islemi
yapilacak 430 mm x 85 mm Olgiilerindeki deney
ornekleri 25 ve 33,3 mm olarak iki farkli kalinlikta
hazirlanmugtir.

oranlar1 ile

Deney ornekleri sonrasinda TS 2471‘e gore %12
rutubet miktaria ulagmasi igin 20+ 2°C sicaklikta
ve bagil nemi %65+5 olan iklimlendirme kabininde
degismez agirliga ulasincaya kadar bekletilmistir
[11] (Sekil 1).
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e i o 10 S0

Sekil 1: _l-i;ilétize dolab1

Sekil 2: Sikistirillarak yogunlastirma islemlerinde
kullanilan hidrolik pres (Gazi Universitesi)

Deney oOrnekleri acik sistemde Termo-Mekanik
(TM) yontemle Isitma +15 dakika stire ile 140° pres
sicakliginda  sikistirllarak  yogunlastirilmigtir.
Yogunlastirma islemi Gazi Universitesi Teknoloji
Fakiiltesi biinyesinde bulunan, tabla ebatlar1 60x60
cm, sicaklik ve basing kontrolii yapilabilen 6zel
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tasarlanmis hidrolik pres ile 60 mm/dk yiikleme
hizinda radyal yonde gerceklestirilmistir (Sekil 2).
Yogunlagtirilan malzemeler 15 dk pres altinda
bekletilmis
esneme etkisini en aza indirmek igin 5 kg/cm2 lik
basing altinda bekletilerek oda sicakligina kadar
sogumalar1 saglanmaistir.

sonrasinda presten alinarak, geri

Calismada 60° de Glossmetre kullarularak parlaklik
Olctimleri gergeklestirilmistir. 60”de hem mat hem
parlak ytiizeylerde Ol¢iim yapildiginda ¢ok fazla
hata yapilmamis sayilir [12], [13]. Glossmetrede
pencerenin birinden yiizeye 151k gonderilir, diger
alict  penceresinden yiizeyden yansiyan 1sitk
alinarak kaydedilme islemi yapilmaktadir. TS EN
ISO 2813'de belirtilen esaslara gore Olgiimler
gerceklestirilmistir [14].  Sekil 3’de parlaklik
Olctimlerinde kullanilan BYK Gardner marka
Micro-TRI-gloss p (Glossmetre) parlaklik Slgme
cihazi gosterilmektedir.

Sekil 3: Parlaklik 6l¢tim cihazi

Numunelerin ylizey sertliklerinin dl¢limiinde
Tronic marka Shore D sertlik 0Ol¢im cihazi
kullanilmustir. Sofuoglu ve Yesil (2016) yaptiklar
calismada pandiillii sertlik o&lgme cihazi ve
durometer ile yapilan sertlik dl¢iimlerinde yaklasik
sonuglar elde edildigi tespit edilmisler ve her iki
metodun ahsap malzemelerin sertlik 6l¢iimlerinde
uygun  oldugu  sonucuna
varmuglardir [15]. Bu yontemde belli kuvvet ile
ahsap numuneye batirilan
Olctilerek ahsabin goreceli sertlik derecesinin tayini

kullanmalarinin
ignenin derinligi

yapilmaktadir. Ucun gerisinde bulunan yay
malzemenin sertligine gore gerilmekte ve yayin
gerilmesine  bagli  olarak ahsabin  sertligi

belirlenebilmektedir (Sekil 4).
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Sekil 4: Shore D sertlik 6l¢tim cihazi
3. BULGULAR

Yogunlastirma parlakliga  etkisini
belirlemek igin yapilan Olglimlerde ortalama

parlaklik degerleri Sekil 5” de verilmektedir.

oraninin

40 3.47
= 2.84 2.90

) 3.0

A

9 2.0

Qo

< 10

< 00

E 0% 20% 40%

Yogunlastirma oramn
Sekil 5: Yogunlastirma oraninin parlakliga etkisi.

Olgiim sonuglarina gore yogunlagtirma islemi ile
parlaklik degerlerinde artis meydana gelmistir.
Yogunlastirilmamis numunelerde parlaklik degeri
2.84 iken, %20 lik yogunlastirilmigs numunelerdeki
290 ve %40 yogunlastirilmis numunelerde 3.47
olarak elde edilmistir. Yogunlagtirma ve
yogunlastirma oran artisi ile parlaklik degerlerinde
de artis meydana gelmektedir. %20 den %40
yogunlastirma arasindaki parlaklik artisi en yiiksek
olarak tespit edilmistir. Senol ve Budake: (2016)
calismalarinda yogunlastirma ile parlaklikta artis
meydana geldigini belirtmislerdir [3].
Yogunlastirma  oraninin  sertlife  etkisinin
belirlemek i¢in yapilan dl¢limlerde ortalama sertlik
degerleri Sekil 6" da verilmektedir.
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Sekil 6: Yogunlastirma oraninin sertlige etkisi.

Sertlik Ol¢iim sonuglarina gore yogunlastirma
islemi ile sertlik degerlerinde artis meydana
gelmistir. Yogunlastirilmamis numunelerde sertlik
degeri 42.70
numunelerdeki 44.78 ve %40 yogunlastirilmis
numunelerde 57.55 olarak elde edilmistir.
Yogunlastirma ve yogunlastirma oran artisi ile
parlaklik  degerlerinde de
gelmektedir. %20 %40  yogunlastirma
arasindaki parlaklik artisi en yiiksek olarak tespit
edilmistir.

iken, %20’lik yogunlastirilmis

artts meydana

den

Yogunlastirilmis aga¢ malzemelerde sertlik
degisimleri ile ilgili baz1 literatiir incelendiginde;
sertlik ~ yogunlasma oram1 ile korelasyon

gostermekte, yogunlasma sonrasi ve yogunlasma
oranu arttikga sertlik artmaktadir [1, 20]. Sicakliga ve
islem siiresine bagh olarak, yiizey yogunlagtirilmis
hus agacinin sertligi, yogunlastirilmamis ahsabin
sertliginden 1,4 ila 2,2 kat daha fazla bulunmustur
[21]. Sertlik agisindan literatiir ile calisma sonuglari
benzer egilim gostermektedir.

4. SONUC

Yogunlastirma islemleri ile aga¢ malzemede
tiziksel ve mekanik bir¢ok ozellik degisiklik
gosterebilmektedir. Bu ¢alismada %0, %20 ve

%40  oranlarinda TM  yogunlastirma
uygulanmis ve ylizey parlaklik ve sertlik
degisimleri  incelenmistir.  Elde edilen

sonuglara gore;

- Yogunlastirilmamis numunelerde parlaklik

degeri 2.84 iken, %20 lik yogunlastirilmig
2.90 %40
yogunlastirilmis numunelerde 3.47 olarak
elde edilmistir.

numunelerdeki ve
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[1]

(2]

(3]

(4]

(7]

Yogunlastirma ve yogunlastirma oran artis1
ile parlaklik degerlerinde artis meydana
gelmektedir.

Yogunlastirilmamis numunelerde sertlik
degeri 42.70 iken, %20 lik yogunlastirilmig
4478 %40
yogunlastirilmis numunelerde 57.55 olarak
elde edilmistir.

numunelerdeki ve

Yogunlastirma ve yogunlastirma oran artisi
ile sertlik degerlerinde artis meydana
gelmektedir.

Yiizey  sertliginin  Onemli  oldugu
kullanimlarda yogunlastirma uygulanmis

agag malzemeler tercih edilebilir.
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OZ: Bu calismada ¢ok yonlii sicak dovme isleminin Al-7Si alasiminin yap1 ve mekanik 6zelliklerine etkisi arastirild.
Hgili alasgim kokil kaliba dokiim yontemiyle iiretildi. Dévme islemi bir dogrultuda serbest sekil degisimine izin
verebilen distan 1sitmali bir kalip igeresinde 150 ton kapasiteli bir pres kullanilarak 1 mm/s pres hizinda ve 200 °C
sicaklikta yapildi. Alasimin igyapisi standart metalografi ve XRD analizi ile mekanik 6zellikleri ise ¢ekme, basma ve
sertlik deneyleri ile belirlendi. Cok yonlii dévme isleminden sonra alagimin i¢yapisinda yer alan silisyumlarin kirilarak
yap1 igerisine dagildigr ve alasimin dendritik yapismin taneli bir yapiya doniistiigii gozlendi. Cok yonlii doviilen
alasimin akma ve ¢ekme dayanimlarinin arttigi, basma dayanuminin ise diistiigii belirlendi. Alagimin kopma
uzamasinin ise artan ¢ok yonlii dévme gevrim sayist ile siirekli arttigr goriildii. Ancak alasimin stinekligindeki siirekli
artisa ragmen akma ve c¢ekme dayanimu ile sertliginin bir ¢evrim tizerindeki dévme ¢evrim sayilarinda diistiigii
goriildii. Alasimin s6z konusu ozelliklerindeki degisimin silisyum parcaciklarinin kirilmasindan, yapi igerisine
homojen dagilmasindan ve sicak dévme isleminin Al-alasimlarinda yol ag¢tigi dinamik yeniden kristallesmeden
kaynaklandig1 belirlendi. Diger taraftan ¢ok yonlii doviilmiis alasimin sertligini 150 °C sicakliga kadar koruyabildigi,
bu degerin tizerindeki sicakliklarda ise sertliginde dnemli bir azalmanin meydana geldigi goriildii. Bu bulgu s6z konusu
sicakliklarda alasimda meydana gelen yeniden kristallesmeye ve/veya dovme islemi sirasinda olusan kristallerin
biiyiimesine dayandirilarak agikland1. Diger taraftan homojenize edilmis durumda gevrek bir bigimde kirilan alasimin
dévme isleminin ardindan siinek bir bicimde kirildig: belirlendi.

Anahtar Kelimeler: Al-Si alagimlari, ¢ok yonlii dovme, asir1 plastik deformasyon, igyapi, mekanik zellikler

ABSTRACT: The aim of this study is to investigate the effect of hot multi directional forging (MDF) on microstructure
and mechanical properties of Al-75i alloy. For this aim, the alloy was cast in a permanent mould and forging was carried
out at a press speed of 1 mm/s and a temperature of 200 °C in an externally heated die which allows free deformation
in one direction, using a press with a capacity of 150 tons. Microstructure of the alloy was determined by standard
metallography and XRD analysis while tensile, compression and hardness tests were used to determine its mechanical
properties. The multi directional forging process led to the fragmentation of the silicon particles, their homogenous
distribution and elimination of the alloy’s dendritic structure. It was determined that the yield and tensile strength and
percentage elongation of the forged alloy increased, while the compressive strength decreased. On the other hand,
despite the continuous increase in the ductility of the alloy, its yield and tensile strength with hardness decreased with
the number of forging cycles over one cycle. Changes observed alloy’s properties was attributed to the fragmentation
of the silicon particles, their homogeneous distribution with the dynamic recrystallization caused by the hot forging
process in Al-alloys. Hot forged alloy maintained its hardness up to 150 °C above which a significant decrease was
determined in this value. This finding was explained according to the recrystallization of the alloy at these temperatures
and/or the growth of crystals formed during the forging process. The homogenized alloy showed brittle fracture while
ductile type fracture was observed in the multi-directional forged alloy.

Keywords: Al-Si alloys, multi directional forging, severe plastic deformation, microstructure, mechanical properties
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1. GIRiS
Aliminyum-silisyum (Al-Si) alasimlar1 igten
yanmalt  motor  parcalarindan  bazilarmin

imalatinda yaygin olarak kullanilmaktadir [1, 2]. Bu
durum s6z konusu alagimlarin diisiik yogunluklar:
ile 1511 genlesme katsayilarindan ve dokiimlerinin
kolay olmasindan kaynaklanmaktir [1, 3]. Bu
alasimlarin mekanik 6zellikleri igerdikleri silisyum
miktarina ve silisyumlarin morfolojisine gore
degisim sergilemektedir [4, 5]. SOyle ki aliiminyum
ve silisyum sivi durumda birbiri igerinde tam
¢ozlinebilirken  kati  durumda  ¢Oziiniirliik
sergilememektedir.  Bu alagimlarin

icyapisinda dogrudan katilagma sirasinda blok,

nedenle

otektik doniisiim sonucunda ise lamel bigiminde
sert silisyum parcaciklar:i olusmaktadir. Bu sert
parcaciklar alasimlarin sertligini artirmakta ancak
keskin kenar ve koselerinden dolay1 ana matriste
catlak olusumuna yol agarak ¢ekme dayanimlarini
diistirmektedir. Diger
parcaciklar alasimlarin siinekligini diistirmekte
gerek talasli imalat gerekse plastik deformasyon
yolu ile sekillendirilmelerini zorlastirmaktadir [4,
5].

taraftan s0z konusu

Al-Si alasimlarinin =~ igyapisinda  bulunan
silisyumlarin morfolojisini degistirmek icin farkh
yontemler uygulanmaktadir [6-9]. Bunlar arasinda
en yaygini sodyum ve stronsiyum (modifikasyon
elementleri) katkilar: ile sert parcaciklarin kiiresel
bi¢gime doniistiiriilerek ana matrise homojen bir
[8-10]. Bu
yontem ile alasimlarin mekanik ve siineklik
Ozelliklerinde her ne kadar bir iyilesme elde edilse
de uygulama gereksinimleri icin gerekli degerlere
nispeten ulasilamamaktadir. Bu durumun alagimi
dendritik
yapisindan kaynaklandig: ifade edilmektedir. Bu
nedenle ana matrisinde tane yapisinin inceltilmesi
de gerekmektedir. Asilama yoluyla ile alasima
katilan tane incelticiler ile nispeten es eksenli ince

bicimde dagilimimin saglanmasidir

olugturan ana matrisin iri taneli

tanelerden olusan ana matris elde edilebilmektedir.
Ancak hem tane incelticilerin olusturdugu fazlarin
morfolojisi hem de tane incelticiler ile modifiye
edici elementlerin dokiim esnasinda kimyasal
bilesimlerinin ayarlamamas1 bir sorun olarak
glincelligini korumaktadir [8-10].

Al-Si alagimlarmmin tane boyutunu inceltmek,
silisyum pargaciklarinin en boy oranlarmi bire
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yaklastirmak ve bu parcaciklarin ana matris
icerisinde homojen dagilimini saglamak igin es
kanalli agisal ekstriizyon (EKAP), yiiksek basing
altinda burma (YBB), ¢ok yonlii dovme (CYD) gibi
asir1  plastik  deformasyon  yontemlerinden
yararlanilmaktadir [11-13]. Ancak bu yontemlerden
bazilar1 yiiksek pres giicii ve yliksek mukavemetli
kalip malzemesi gerektirmektedir. Diger taraftan
bu yontemler kullanilarak karmasik geometrili ve
bliylik boyutlu parcalar {iretilememektedir [14].
Son yillarda gelistirilen ¢ok yonlii ddvme islemi ile
bu sorunlar nispeten ortadan kaldirilmaktadir. Bu
yontemde tekrarlanan paso sayilari ve sicaklikla
birlikte metaller kolaylikla deformasyona tabi
tutulmakta ve son derece ince taneli metaller
tiretilebilmektedir [15]. Bu calismada diger asiri
plastik
uygulama kolaylig1 ile 6ne ¢ikan, daha diisiik
kapasiteli presler, daha diisiik maliyetli kalip ve
takimlar kullanilarak yapilan ve de biiyiik boyutlu
parcalara uygulanabilen CYD isleminin Al-75i

deformasyon  yontemleri  arasinda

alasiminin yap1 ve mekanik 6zelliklerine etkisinin
detayli bir bigimde belirlenmesi hedeflenmistir.

2. YAPILAN CALISMALAR
2.1 Alasimn Uretimi ve Cok Yonlii Dovme Islemi

Al-7Si alagimi1 %99,7 saflikta aliiminyum ve Al-125i

otektik alasimi  kullanilarak iiretilmistir. S6z
konusu metaller igerisinde grafit pota bulunan bir
elektrikli ergitme ocaginda ergitilmistir. 690 °C
sicakliga sahip ergiyik orta karbonlu gelikten &J57 x
© 72 x 180 mm boyutlarinda imal edilmis bir kaliba
dokiilerek katilastirilmistir. Spektral analiz yontemi
ile alasimin kimyasal bilesiminde sirasiyla %92,9 ve
%7,1 oranlarinda Al ve Si bulundugu tespit

edilmistir.

Alasimdan 40 x 40 x 20 mm boyutlarinda
numuneler hazirlanmistir. Bu numuneler 450 °C
sicaklikta 24 saat siireyle homojenizasyon islemine
tabi tutulmustur. S6z konusu numuneler basing
altinda viskozitesini koruyan bir gres ile yaglanmis
ve kaliba yerlestirilmistir. Kalip bir dogrultuda
serbest sekil degisimine izin verecek sekilde
tasarlanmis ve numuneler bu kalip igerisinde 200 °C
sicakliga kadar 1sitilmistir. Bu asamadan sonra
numuneler 150 tonluk bir hidrolik preste 1 mm/s’lik
basma hizinda ¢ok yonlii doviilmiistiir. Uygulanan
¢ok yonlii dovme isleminin bir ¢evriminin sematik
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resmi Sekil 1’de verilmistir. Her bir pasodaki
dovme islemi 0,69'luk gercek bir sekil degisiminde
gerceklestirilmistir. Numuneler birden ii¢ ¢evrime
kadar yani 3 pasodan 9 pasoya kadar doviilmdiistiir.

Sekil 1: Cok yonlii dovme islemine ait sematik
resim

2.2 Alasimin Yapisal ve Mekanik Ozelliklerinin
Belirlenmesi

Yapisal incelemelerde ve mekanik deneylerde
kullanilan numunelerin dovme pargasindan imal
edildigi bolgeleri gosteren sematik resim Sekil 2'de
verilmistir. Yapisal incelemelere ait numuneler
standart metalografik yontemleriyle hazirlandiktan
sonra %6 s1 NaOH geri kalan1 saf sudan olusan bir
¢ozelti ile daglanmais, optik mikroskopta incelenmis
Optik
mikroskoptan alinan goriintiiler bir goriintii analiz
yazillminda incelenmis, alasimin igyapisinda
bulunan silisyumlarin en/boy oranlar1 belirlenmis
ve bunlarin yiizde dagilimlarinin en/boy oranlarina
gore degisimi histogram grafikleri yardimiyla
igyapisinda
fazlarin tarii ise X-ismmi difraktometresi (XRD)
analizi ile belirlenmistir. Bu analiz 15-90° Bragg
acillarinda ve 1 derece/dk
gerceklestirilmistir.

ve ardindan fotograflar1 cekilmistir.

sunulmustur.  Alasimin bulunan

tarama hizinda

Alasimin mekanik o0zelliklerinin belirlenmesinde
Brinell sertlik Vickers mikrosertlik
Olctimlerinden, ¢ekme ve basma deneylerinden

ve

yararlanilmistir. Mikrosertlik Ol¢iimleri a-Al fazi
gerceklestirilmistir. sertlik
Ol¢iimiinde 62,5 kg yiik ve 2,5 mm ¢apinda bilye ug,
Vickers mikrosertlik 6l¢iimiinde ise 500 g'lik yiik
kullanmilmistir. Cekme deneyleri igin tel erozyon

lizerinden Brinell

yontemiyle 6l¢ii boyutlar1 12 x 3 x 1,5 mm olan yasst
numuneler tiretilmistir. Bu numuneler 5 x 104 sV1ik
deformasyon hizinda ve oda sicakliginda ¢ekme
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deneyine tabi tutulmus akma ve ¢ekme dayanimlar:
ile ylizde uzama degerleri belirlenmistir. Cekme
SEM ile
incelenmis ve dovme igleminin alagimin kirilma
davranisina etkisi belirlenmistir. Basma deneyleri
oda sicakliginda, 5x10+ s'lik deformasyon hizinda,
10 x 10 mm boyutlarinda numuneler kullanilarak
gerceklestirilmistir.
%50
uygulanmis ve bu deformasyona karsilik gelen
gerilme alasim ig¢in basma dayanimi olarak
Olctilmiistiir. Biitiin mekanik deneyler en az bes

sonucunda olusan kirik yiizeyler

Basma deneyleri sirasinda

numunelere oraninda  deformasyon

Ol¢tim {izerinden yapilmis ve bunlarin ortalamasi
alinarak soz konusu degerler belirlenmistir.

Alasimin kararli davranis sergiledigi sicakliklarin
ve slirelerin belirlenmesi igin, ¢ok yonlii dovme
islemine tabi tutulmus alasimdan hazirlanan 5 x 5 x
5 mm3 boyutlarindaki numuneler bir firin igerisinde
1’er saatlik periyotlarla 50 °C’den baslayarak 300
°C’ye kadar tutulmus, her bir periyodun ardindan
su verilerek sertlik dl¢timleri gerceklestirilmistir.

Cekme Deneyi  Metalografik inceleme ve

Sertlik Olgiimii Numunesi

Numuneleri

Termal Kararlhihk

Numuneleri

Dovme

Dogrultusu

Sekil 2: Deney numunelerinin ddvme parcasindan
imal edildigi yerleri gosteren sematik resim

3. BULGULAR
3.1 Yapisal Incelemelerden Elde Edilen Bulgular

Alasimin proses gormiis tiim durumlarina ait XRD
desenleri ile igyap1 goriintiileri sirasiyla Sekil 3 ve
Sekil 4'te
durumdaki igyapisinin a-Al taneleri ile silisyum
parcaciklarindan olustugu goriilmistiir. «a-Al
tanelerinin dendritik, silisyumlarin ince ve uzun
(otektik), kismende iri ve koseli (birincil) bir
goriinlime sahip olduklar1 gozlenmistir. Dovme

verilmistir. Alasimin  homojenize

isleminden sonra s6z konusu dendritik yapinin
ortadan kalktigi, silisyumlarin parcgalandigl, artan
dovme cevrim sayist ile yap1 igerisine nispeten
homojen dagildig: belirlenmistir.



)
M} Tiirk Miihendislik Arastirma ve Egitimi Dergisi 1(1), 20-28, (2022)

RIS TOURMAL o ENGINEERING Turkish Journal of Engineering Research and Education
RESEARCH AND EDUCATION

/:’ i
y =
=
Pd § st
/"f < ] E
' = =
= 1
IN = o) —_—
, = == 5| = |° )
E — }< o — 2 : N oA
= 1 &« |= = 2 2
7 |l & & |< < 2 &
: e B
& 1 A ) l l 1 f ) f‘
/ / 7
; / P rd . l # 79 Z
F gl L, e il Za s -
y / 7 7 7 p 7 py &
" / / rd g 7 =
1 rd 1 / l / r—
/ i % i =
P // 7t v // : F 4 // & o :5
A
: 7 7 // // / // / / 2 =
1 Z " e / A W >
v / Il v v'/ v i

715 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
20 (Derece)

Sekil 3: Alagimin tiim durumlarina ait XRD desenleri

7
Sekil 4: Alasimin a) homojenize edilmis, b) bir, c) iki ve d) ii¢ ¢gevrim CYD islemi uygulanmis durumlarina
ait icyap1 goriintiileri
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120

100

_ Bir Cevrim CYD

80

Homojenize

60 Edilmis

Gerilme (MPa)

40

fki Cevrim CYD  Ug Cevrim CYD)

Uzama (%)

Sekil 6: Alagima ait gerilme-yiizde uzama egrileri

Parcalanan silisyumlarin yiizde dagilimlarinin
en/boy oranina gore degisimleri ise Sekil 5'te
gosterilmistir. Bu diyagramlardan yaralanarak
cevrim sayist artikca  parcalanan
silisyumlarin oranin arttig1 ve en/boy oranlarinin
ortalama degerlerinin yaklagik 0,49’dan 0,6'ya

yiikseldigi belirlenmistir.

dovme

3.2 Mekanik Deneylerden Elde Edilen Bulgular

Alasimin proses gormiis biitiin durumlarina ait
gerilme-yiizde uzama egrileri Sekil 6’da verilmistir.
Homojenize durumda deformasyona dayali
sertlesme egilimi sergileyen alasimin doviildiikten

sonra dayamiminin ¢ok diisiik uzamalarda en
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yiiksek degerine ulastig1 yaklasik bu degerde
yiiksek bir uzama sergiledikten sonra kirildig:
belirlenmistir. Bu egriler ile sertlik ve basma
deneylerinden elde edilen verilerin alagimin islem
durumuna  gore  degisimleri  Sekil  7’de
gosterilmistir. Alasimin sertlik, akma ve cekme
dayanimin bir ¢evrim ddvme isleminden sonra en
yliksek degerine ulastiktan sonra artan g¢evrim
sayisiyla azaldig1, kopma uzamasinin ise siirekli bir
artis sergiledigi belirlenmistir. Diger taraftan
alasimin basma dayaniminin ise artan ¢evrim sayisi

ile diistiigii belirlenmistir.
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Sekil 7: Alasimin tiim durumlarina ait mekanik 6zelliklerinin islem durumuna gore degisimlerini gosteren

egriler

Cekme deneyi sonucunda kirilan numunelerin
kirilma yiizeylerine gosteren SEM fotograflar: Sekil
8'de verilmistir. Homojenize durumda alasimin

kirilma yiizeyinde genis alanlar ile bu alanlar
birbirinden ayiran tepelerin bulundugu, dévme
alanlarin  daraldigy,
cukurlarin meydana geldigi ve tepelerin daha
yogun bir bicimde ortaya ¢ikti1 goriilmiistiir.

isleminden sonra genis

Sekil 8: a) Homojenize edilmis, b) bir, c) iki ve d)
ti¢ ¢evrim CYD islemi uygulanmis alasimin kirilma
ylizeylerini gosteren SEM fotograflar:

Doviilmiis durumdaki alagima ait termal kararlilik
egrileri Sekil 9'da verilmistir. Alasimin genel olarak
150 °C sicakhiga kadar sertligini korudugu, bunun
tizerindeki sicakliklarda ise sertliginin diistiigii
diger bir ifadeyle termal kararligini koruyamadig:
belirlenmistir.
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Sekil 9: Cok yonlii sicak doviilmdiis alasimin
mikrosertliginin sicakliga gore degisimini gosteren
egriler
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4. TARTISMA

Cok yonlii dovme isleminden sonra alasimin
dendritik yapisinin ortadan kalktigi, silisyumlarin
parcalanarak yapi igerisine nispeten homojen bir
bigimde dagildigi, parcalanmanin ve homojen
dagilimin sayisiyla
gozlenmistir (Sekil 4). Silisyumlarin parcalanmasi

artan  cevrim arttig
bunlarin sert ve gevrek oluslarindan, dendritik
yapinin ortandan kalkmasi sicak deformasyon
sirasinda meydana gelen dinamik yeniden
kristallesmeden, parcalanan silisyumlarin homojen

dagilimi ise {i¢ eksenli dovme islemi sirasinda s6z

konusu parcaciklarin = {ig ana  eksende
yonlenmesinden kaynaklanmistir [11, 16-20].
Nitekim  silisyum  parcaciklarimin  en/boy

oranlarmin ($ekil 5) artan ¢evrim sayisiyla siirekli
bir artis sergilemesi; parcalanmanin her ¢evrimde
gerceklestigini, parcalama sayilarinin
arttigini olusan ¢ok sayidaki silisyum parcaciginin
birbiri pesine ii¢ eksende yapilan dévme islemi ile
yapiya bir bicimde dagildigim
gostermektedir.

sonucu

homojen

Cok yonlii dovme isleminden sonra alasimin cekme
bir diklesme
maksimuma ulastigt bu maksimum gerilme etkisi
altinda yiiksek bir uzama sergiledikten sonra
kirildig1  belirlenmistir. (Sekil 6). Bu durum
silisyumlarin ~ pargalanmasi catlak
olusturma egilimlerinin azalmasindan ve dinamik

egrisinin  ani sergileyerek bir

sonucu

yeniden kristallesme sonucu nispeten dislokasyon

yogunlugu diisiik veya alt
olusmasindan kaynaklanmis olabilir [21, 22].

tane tanelerin

Cok yonlii dovme isleminden sonra alagimin akma
¢ekme dayanimlar kopma uzamasi
degerlerinin arttig1 gozlenmistir (Sekil 7). Akma ve
cekme

ve ile

dayanimindaki artis parcalanan
silisyumlarin yapi1 igerine homojen dagilmasindan
dolay1 dislokasyon hareketlerini engellemesinden,
siineklikteki artis ise bu parcaciklarin catlak
olusumunu  geciktirmesinden = kaynaklanmis
olabilir [11, 23]. Silisyumlarin en/boy oralarinin
artmast  nispeten  kiiresellestiklerini,  kiiresel
parcaciklarin ise lamel bi¢imindeki parcaciklara
gore gerilme akisim1 kolaylastirdigi ve c¢atlak
olusumunu geciktirdigi bilinmektedir. Ancak her
ne kadar sert parcaciklar dislokasyon hareketini
engellese de ortaya c¢ikan dinamik yeniden
kristallesme alasimin yumusamasma dolayisiyla

dislokasyon hareketlerinin kolaylasmasma yol
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a¢maktadir. Nitekim bir ¢evrimin tizerinde yapilan
dovme igleminden sonra alasimin akma ve ¢ekme
ile sertliginde meydana gelen diisiis, dovme ¢evrim
sayisina bagh olarak siineklikte meydana gelen
sturekli artigs alasimin belirli bir dévme c¢evrim
sayisindan sonra yumusama egilimi sergiledigini
gostermektedir. Diger taraftan ¢ok yonlii dovme
isleminden sonra alasimin basma dayaniminin

azaldigr belirlenmistir. Bu durum alasimin
siinekliginin artmasindan dolay1 basma
durumunda sekil degistirme  kabiliyetin

artmasindan kaynaklanmis olabilir [16-20].

Homojenize durumda alasimin yiizeyinde goriilen
genis alanlarin (klivaj dtizlemlerinin) doévme
isleminden sonra daraldig1 cekme yoniinde uzamis
sirtlarin arttig1 belirlenmistir (Sekil 8a). S6z konusu
alanlarin silisyum ytlizeylerinden veya silisyumun
ana matristen ayrildig1 yiizeylerden meydana
geldigi belirlenmistir. Nitekim bu
alasimdaki kirilmanin silisyumlarin kirilmasi veya

gozlem

ana matristen ayrilmasi sonucu olusan catlagin
ilerlemesi ile meydana geldigini gostermektedir.
Diger taraftan dovme isleminden sonra yumusayan
matrisin ¢ekme ekseninde yiiksek
sergiledikten sonras1 kopmasi c¢ekme yoniinde

uzama

uzamis sirtlarin olusmasina yol agmaktadir (Sekil
8b-d). Ancak bu
daralmasi sayilari artan silisyum parcaciklarinin
birbirine yaklasmasindan diger bir ifadeyle
silisyumlar arasindaki mesafenin azalmasindan

sirtlar arasinda mesafenin

kaynaklanmis olabilir [21].

Cok yonli doviilmiis alasimin 150 °C’ye kadar
sertligini korudugu ancak bunun {izerindeki
sicakliklarda sertliginin diistiigii belirlenmistir
(Sekil 9). Bu durum s6z konusu alagimlarda belirli
sicakliklardan sonra yeni kristallerin olusmasindan
ve/veya dovme islemi sirasinda olusan yeni
kristallerin biiylimesinden kaynaklanmis olabilir.
Nitekim 150 °C’den daha yiiksek sicakliklarda
olusan yeni kristallerin oranin artmasi ve/veya
mevcut kristallerin biiytimesi alasimin termal
kararliligini koruyamamasina yol agmaktadir [16-
19].

5. SONUCLAR

Bu c¢alismadan elde edilen sonuglar
siralanmaistir.

asagida

1. Alasimin homojenize edilmis durumundaki

icyapist «a-Al dendritleri ile dentritler aras
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bolgelerde yer alan ince uzun (6tektik) ve blok
bi¢imindeki (birincil) silisyum parcaciklarindan
olugsmaktadir.

2. Cok yonlii dovme islemi alasimin dentritik
yapisinin  ortadan kalkmasina ve silisyumlarin
kirilarak en/boy orani artmasina ve yapiya nispeten
homojen bir bicimde dagilmasina yol agmaktadir.

3. Cok yonlii dovme isleminden sonra alagimin
akma ve cekme dayanimi ile sertlik ve kopma
uzamast degerleri artmaktadir. Ancak kopma
uzamasindaki siirekli artisa ragmen alagimin akma
ve ¢ekme dayanimu ile sertligi bir ¢evrim tizerinde
yapilan dovme isleminden sonra azalmaktadir.
Diger taraftan ¢ok yonlii dévme isleminden sonra
alasimin basma dayanimi diismektedir.

4. Alasimmn kirilma yiizeyi homojenize edilmis
diizlemlerinden, CYD
uygulanmis durumda ise ¢ekme yoniinde uzamis

durumda Kklivaj islemi
ayrilma sirtlardan olugsmaktadir. Bu bulgu alasimin
homojenize edilmis durumda gevrek, ¢ok yonlii
dovilmiis durumda ise sitinek kirilma davranisi
sergiledigini gostermektedir.

5. Doviilmiis durumdaki alasim 150 °C sicakliga
kadar sertligini korumaktadir. Bu bulgu termal
kararlilik a¢isindan doviilmiis durumdaki alagimin

s0z konu degerin iizerindeki sicakliklarda
kullanilmasinin =~ uygun  olmadigim1  ortaya
koymaktadir.
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ABSTRACT: Turkey has rich deposits in natural stones such as marble and volcanic tuff. These are commonly used as
cladding tiles in the construction sector. So, almost 70% wastes are aroused during the production processes of both
quarries and factories. These wastes give rise to solid state environmental pollutions in large and micro scales. Alkali-
activation method (AAM) is the most effective way to use these wastes in productions like brick manufacturing, and
also NaOH is the most common alkali-activator in the production of AAMs. However, the NaOH manufacturing sector
is very huge in the world; and there are lots of brands which use different technics. In here, alkali-activated pastes (AAP)
contained tuff and travertine were produced with using NaOH as an alkali activator from two different countries in the
solutions with 5 Molar and 10 Molar concentrations. All AAPs were cured in laboratory condition at 22+2 °C and 35%
R.H. The compressive strength tests were carried out on the 7%, 28" and 90" days of curing period. Moreover,
microstructural investigations were performed on AAPs at the age of 90 day. As a result of this study, NaOH from
different countries effects the mechanical and microstructural properties. The highest compressive strength is obtained
as 46 MPa. It is observed that the AAPs prepared with 5 molar concentration aren’t stable sufficiently after 28" days
mostly.

Keywords: Travertine, volcanic tuff, alkali-activated paste, compressive strength, microstructure

O2Z: Tiirkiye, mermer ve volkanik tiif gibi dogal taslar agisindan zengin yataklara sahiptir. insaat sektoriinde genellikle
kaplama karosu olarak kullamilirlar. Boylece hem tas ocaklarinda hem de fabrikalarda {iretim siireglerinde yaklasik
%70'e yakin atik ortaya ctkmaktadir. Bu atiklar, biiyiik ve mikro 6lcekte kati hal ¢evre kirliligine yol agmaktadir. Alkali
ile aktive olan malzemeler (AAM'ler), bu atiklar1 tugla tiretimi gibi baz tiretimlerde kullanmanin en etkili yoludur ve
ayrica AAM'lerin {iretiminde NaOH en yaygn alkali aktivatordiir. Ancak, NaOH imalat sektorii diinyada gok biiytiktiir
ve farkli teknikler kullanan bir¢ok marka bulunmaktadir. Burada iki farkli {ilkeden temin edilmis graniil halde NaOH
alkali aktivator olarak 5 Molar ve 10 Molar konsantrasyonlarda ¢ozelti ile tiif ve traverten iceren alkali ile aktive edilmis
hamurlar (AAP) tretilmigtir. Tim AAP'ler laboratuvar kosullarinda 22+2 °C ve %35 R.H'de kiirlenmistir. Kiir
periyodunun 7., 28. ve 90. giinlerinde basing dayanimu testleri yapilmistir. Ayni zamanda 90 giin yasindaki AAP’lerde
mikro yapi incelemeleri de gerceklestirilmistir. Bu ¢alisma sonucunda farkl iilkelerden NaOH hem mekanik hem de
mikroyapisal Ozelliklere etki etmektedir. En yiiksek basing dayanimi 46 MPa olarak elde edilmistir. 5 molar
konsantrasyonla hazirlanan AAP'lerin cogunlukla 28. giinden sonra yeterince stabil olmadig: gozlendi.

Anahtar Kelimeler: Traverten, volkanik tiif, alkali aktiflestirilmis hamur, basing dayanimi, mikro yapu.

29



Pekgoz, Tekin / TUR MUH. ARAS. VE EGIT D. 1(1),29-37, (2022)

1. INTRODUCTION

Cement, brick, clay tile, ceramic tile like materials
used in the construction industry require much
energy in the production. The process of these
production is essentially led to a considerable
amount of CO: releasing into atmosphere. For
example, the latest data revealed that COz emissions
attained 180.000 tons a year for ceramic cladding tile
production [1]. Since 2000, cement production has
increased almost 78%, so this has triggered of the
anthropogenic COz emissions to 5-8% [2]. However,
energy requirement of brick, clay tile, and ceramic
tile productions are nearly 2.25, 4.88 and 9.02 times
higher than that of cement production, respectively
[3]. Recently, alkali-activation method can be one of
the most efficient alternatives to the energy
required materials soon, since its production emit
lower CO:z and more green materials will be able to
product by this method.

Alkali-activated materials (AAM) or geopolymers
are produced by the polymerization reactions
between various sources of solid aluminosilicate
and alkaline media. Aluminosilicate sources such as
fly ash, slag, metakaolin, volcanic tuff, trass, red
mud can be found from industrial wastes
frequently. Ground Granulated Blast Furnace Slag
(GGBES) [4], Metakaolin (MK) [5], Volcanic tuff
[6,7] and Fly Ash (FA) [8] are the major precursors
utilized in studies about AAMs [9]. In order to
produce AAMs alkaline activators, which contain
Na20, K20, MgO, CaO, earth metals water glasses,
have to be used to trigger the polymeric reaction
mechanisms. Because pozzolanic materials have
low reaction capacity, and they need alkaline
substance with moisture in condition. Sodium
hydroxide (NaOH), potassium hydroxide (KOH),
sodium silicate (Na25i0s), sodium carbonate
(Na2COs), sodium sulfate (Na2SOs), and calcium
hydroxide (Ca(OHy) are the most common
alkaline-activators [10]. All of these, except NaOH,
emit CO:z to the atmosphere during manufacturing.
NaOH can be manufactured by using two methods:
1) By using the method of electrolysis of brine
(NaCl), 2) By burning method of NaCOs. First
method, electrolysis of brine, is preferred mostly in
NaOH production, and this process releases only
Cl: and H2 The second one causes more CO2
emissions during production, but some companies
still use this method [11]. Therefore, activation
process can be varied by changing production
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method because of varies total inner energy of
NaOH. Even if Na2COs can be used as an alkaline
activator, the activation capacity of Na2COs is lower
than NaOH. Moreover, each process has some
effects to the activator quality; however, there isn't
any information about it in the existing literature.
The main reaction products in AAMs are sodium-
aluminosilicate-hydrate (N-A-S-H) and calcium-
aluminosilicate-hydrates (C-A-5-H)  besides
hydrotalcite and other crystalline phases [12].

Turkey has rich natural stone deposits with various
volcanic tuffs and travertine resources. Existing
reserves are 3,872,000,000 m3 in marble [13] and
155,000 km? in natural pozzolana, although there is
some missing in this information because of the
limitation of determining the sub structure of
volcanic rocks [14]. Due to the technical constraints
and the geological environment, yield efficiency
rarely exceeded 10% in quarry mining and
travertine facing production. In countries which
famous in travertine production such as China,
Turkey, Italy, Greece and Spain, large amounts of
macro and micro wastes are observed as debris
during the quarrying and stone cutting processes
[15]. It is reported that 90% of the micro-sized
travertine wastes formed by sawing during the
production of marble coating tile pass through the
200 um sieve [16]. Moreover, landfill areas are not
enough to collect these wastes since this destruct the
agricultural areas.

In this study, the main aim is to determine the effect
of sodium hydroxides (NaOH) with different
origins on mechanical and microstructural
properties of AAPs contained volcanic tuff and
travertine wastes. With this objective, AAPs were
manufactured using wastes of travertine and tuff
production collected from Bayburt region of
Turkey. To support the objective of this study, saw
cut wastes with sized below 200 microns is used. In
preparing of AAPs, NaOH was used as an alkali-
activator because it is the best alkaline-activator due
to the atomic instability of Na*ions. In the literature,
NaOH is mostly used on production of geopolymer,
but there is no information about using different
origin of NaOH. With this scope, the following tests
are conducted on alkaline-activated pastes (AAP)
such as compressive strength, microscopic and
mineralogical analyses.
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1. MATERIAL AND METHODS
1.1 Materials

In the experimental study, volcanic tuff (VT) and
travertine waste (TW) in powder forms were used
in the preparing AAPs. Zeolitic volcanic tuff and
travertine wastes were collected from Bayburt
province in the northeast of Turkey. Initially, these
substances were crushed and grinded by using
laboratory type crusher and horizontally ball mill to
reduce the particle size below 100 pm. Chemical
compositions of VT and TW are given in Table 1.
According to Table 1, alumina, silicate, and ferritin
amount of VT is totally higher than 80% and its CaO
content is lower than 10%. Thus, VT shows
pozzolanic behavior [17]. Moreover, alkaline
substance amount is almost 8%. However, LOI
value is approximately 10%, and this value is
slightly high for volcanic tuff. COs or SO: like
substances can be caused this LOI value. France
(Type I) and China (Type II) based sodium
hydroxides (NaOH), which have two different
densities, with 99.9% purity was used in AAP as
alkaline activator. The information about the
production styles of NaOH did not get from the
companies because of its hide process systems.

Tablo 1: Chemical and physical properties of VT

and TW.
Oxides (%) VT T™W
Si02 68.92 0.70
AlOs 11.96 -
Fex0s 0.34 0.20
CaO 3.85 55.10
MgO 1.29 0.20
SOs 0.21 -
Na20 0.23 -
K20 2.38 -
LOI* 10.13 43.50
Total 99.31 99.70

Particle size distribution and mineralogic structure
analysis of VT are shown Figure 1 and Figure 2,
respectively. According to the Figure 1, 90% of VT
pass from 100-micron size, and 50% of VT pass from
30-micron size. Approximately 25% of VT is lower
than 10-micron. Specific gravities of ZT and TW are
2.42 g/cm? and 2.70 g/cm?, and specific surface area
of ZT and TW are 10845 g/cm? and 2720 g/cm?. Even
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if the particle size distributions of both substances
are similar, specific surfaces of both are
considerably  different = because  of  the
microstructures of substances. For example, VT has
zeolitic structure, so it has meso-porous structure.

100

[SS I e
(= =

Passing sieves (%)

(=]

0.1 1 . .10 100
Sieve size (um)

Figure 1: Particle size distributions of wastes
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Figure 2: XRD analysis of BSW from METU Merlab

1.2 Experimental Methods

In this study, VT and TW were used as binder and
filler materials to product AAPs. Within this scope,
mix design parameters of all AAP are given in Table
2. According to this table, the initial letter of the
codes indicates the powder state volume
proportions by solid materials shown as 0.4:0.6,
0.6:0.4, and 0.8:0.2 (VI/TW) for A, B, and C
respectively. The reason of determining these ratios
is to provide stoichiometry to supply chemical
reactions sufficiently to obtain both geopolymeric
structure and high compressive strength. Since VT
doesn’t contain calcium ions satisfactorily, authors
were used TW as high as possible to react the VT in
alkaline media. In addition, the previous study by
Tekin (2016) [6] was a pioneer in determining the
material ratios. The second designation of the codes
indicates the concentration of NaOH in the molarity
of the solutions given as follows: 5: 5 M, and 10: 10
M. The three designation of the codes indicates the
type of NaOH given as follows: I: Type I NaOH,
and II: Type Il NaOH. During experimental studies,
standard consistency is fixed in 20+2 cm for all
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series according to flow table diameter to make the
evaluations easier. So, solution/powder (S/P) ratios
are changed significantly because of the different
surfactant effect of NaOH origins.

Tablo 2: Mix proportions of AAPs prepared with

VT and TW.
AAPs NaOH Soluti.on SP VI TW
Types molarity
A5l I 5 028 0.27 0.46
B5I I 5 0.30 0.40 0.30
C51 I 5 0.32 0.53 0.15
A101I I 10 034 024 041
B10I I 10 0.36 0.37 0.28
C1o01 I 10 037 049 0.14
A5II II 5 025 028 047
B5II II 5 026 042 0.32
CII II 5 029 0.55 0.16
A10II II 10 028 0.27 0.46
B10II II 10 029 040 0.30
ciom II 10 0.32 0.53 0.15
Solutions with different concentrations were

prepared before preparation of AAPs. Meanwhile,
pH value of the solution increased up to 14 and its
temperature boosted to approximately 85 °C till all
particles of NaOH dissolved. In the preparation of
AAPs, the solution and VT were mixed together for
60 s, afterward TW was added into the mix, and all
substances were mixed in two steps sequentially (1
step: 30 s at slow speed (1400 rpm) 27 step: 90 s at
speed (2800 rpm)). NaOH solutions were used in
2242 °C in ambient temperature with 5M and 10M
concentration. 12 groups of AAPs were produced
using this mix procedure. AAP was cast in 50x50x50
mm sized steel molds to determine the compressive
strength according to ASTM C109 [18].
Compressive strength and water absorption tests
were carried out on the hardened paste at the age of
2nd, 28t and 90t days, in addition scanning electron
microscopy (SEM) analyzes were performed out on
the hardened pastes on 90t day.

2. Results and Discussion
2.1 Fresh state properties of AAPs

One of the flow table examination of 10M AAP with
Type II NaOH is shown in Figure 3. In here, AAP
with Type II NaOH causes the similar flowability to
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the AAP with Type I NaOH although S/P ratio was
chosen in lesser ratio. Therefore, compressive
strength increased dramatically. Fresh state AAP
with 10M concentration is shown in Figure 3 as
dense cohesive and plastic consistency. It is
determined that this is the limit consistency value
of AAPs to settled with lesser energy. Figure 4
shows the correlation between S/P and VT ratios.
According to the S/P ratios of AAPs, as VT ratio
increases, S/P ratio increases due to the higher
specific surface of VT. It is clearly seen that the Type
II NaOH is more effective for workability with
lesser S/P ratios.

=

' .

Figure 3: Flow table test result of AAP with Type Il
NaOH at lesser S/P ratio
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Figure 4: Correlation between S/P and VT ratios

2.2 Compressive strength test results of AAPs

Compressive strength test results of hardened
AAPs are given in Figure 5. According to the
experimental results, the highest late compressive
strength is observed as 46 MPa on the C10II with
10M 80% VT contents and prepared by using Type
II NaOH. Minimum compressive strengths are
observed on the 5M AAPs for all durations.
Compressive strength developments of 10M AAPs
based on duration are different by changing
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substance ratios. For example, on the 10M AAPs
with Type II NaOH, CaO from travertine causes
increase in compressive strength more than others
after 7t day. However, as CaO ratio decreases, early
and late compressive strengths increases by time. In
these AAPs, the reason of higher compressive
strengths can be attributed to the S/P ratio firstly,
but this is also resulted from the origin of NaOH.
NaOH origin effects to compressive strengths by
increasing here, 10M
concentration is more effective for compressive
strengths than 5M NaOH.

concentrations. In
H 7th day m 28th day

N
>

AT TN
¥ O

90th day

Compressive Strength (MPa)
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|
1
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Figure 5: Compressive strength test results of
AAPs

Compressive strengths of 10M Type I NaOH used
AAPs are roughly 3 times higher than 5M Type I
NaOH used AAPs, and similarly Type II NaOH
used AAPs with 10M concentration are also 3-7
times higher than 5M Type I NaOH used AAPs.
Hence, these results show that the Type Il NaOH is
more active than Type I NaOH. Pastes with 5M
concentrated AAPs are carbonated higher than 10M
concentrated AAPs as shown in Figure 6. In here, all
surfaces of 5M AAPs are carbonated by leaching of
NaOH [6]. Therefore, compressive strength values
are obtained as lower levels.

On the other hand, early relative compressive
strength developments based on 28" day of AAPs
with 5M concentration are calculated between 49%-
77%, while early relative compressive strength
developments of AAPs with 10M concentration are
calculated between 54%-96%. Similarly, late relative
compressive strength developments based on 28t
day of AAPs with 5M concentration are calculated
104%-124%, while late

between relative
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compressive strength developments of AAPs with
10M concentration are calculated between 104%-
150%. Relative compressive strength development
of Type Il NaOH based AAPs is the highest among
all AAPs.

Figure 6: AAP specimens with different

concentrations

2.3 Microstructural analyses of AAPs

Microstructural analyses are conducted by imaging
scanning electron microscopy (SEM) in the
mineralogy and Petrography Laboratory of
“General Directorate of Mineral Research and
Exploration (MTA in Turkish)”. Initially, SEM
images are observed, and some regions and points
were analyzed by using Energy Dispersive
Spectrum (EDS). EDS gives the elemental analyses
of any point, and so some of definitive important
structures can be determined or foreseen easily.
Microscopically investigations are performed from
Figure 7 — 10. Figure 7 and 8 shows the 10M Type II
NaOH based AAPs, Figure 9 and 10 shows the 10M
Type I based AAPs. In these AAPs VT ratio is used
60%. All figures are depicted by 2 SEM images with
at least 1 EDS analysis. SEM images are given as
macro and micro scale in some regions.

Figure 7 shows a void and its detail of B10II AAP
specimen. The void is full of hexagonal structures.
These are defined as N-(C)-A-S-H with some
percentage like Si/Al: 2.05. But Na* ions are too
much in this structure, so it can be led to the shape.
Because on the surface between lattices has
different apparent like amorphous phase. On the
surface Si/Al ratio is more different according to
lattice form, it is almost 4 (two times bigger than
lattice form). And this observation is usual for the
B10II AAP. The general structure of this specimen
especially in porous system is full of lattice forms
like this.
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Figure 7: SEM images and EDS analyses of B10II from a voids
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Moreover, there are lots of cracks on the lattice and
surface structures because of drying shrinkage. This
causes discontinuity of forms and so it causes

decreasing compressive strengths.
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Figure 8: SEM images and EDS analyses of B10II from surface.

On the surface of B10Il AAP shown in Figure 8,
there are lots of different forms like leaf (EDS#1) and
lattice (EDS#3) structured. On the right SEM image
of Figure 8 is a magnified one from the rectangular
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area. EDS#2 is a TW below 50 micron, EDS#1 is a
leaf like form and EDS#3 depicts an amorphous
structure. In here, there are some lattice forms like
in porous areas. On the point of EDS#1, Si/Al ratio
is above 7 and in here Ca? and Na* ions are quietly
low. So, this can be non-reacted clay structures in
VT. However, on the EDS#3 point, Si/Al ratio is
approximately 4 and alkaline substance like Na*
and Ca? are higher than EDS#1 point. This can be

50 (1
NTA

na [ EDS #1

e it Atcrni
Blan Vg Abmic
. %

0 13 26

Figure 9: SEM images and EDS analyses of B10I from surface.

attributed if there is high ratio alkaline in
aluminosilicate ~ structures, it can generate
geopolymeric forms like N-A-S-H or N-(C)-A-S-H.
in these forms Ca? ions from TW joined to the
activation reactions although travertine is an inert
material. This can be attributed that the particle
sizes is more important to determine the reactivity
or inert behaviors of CaO based materials like

travertine.
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Figure 10: SEM images and EDS analyses of B10I from a void.
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On the Figure 9 and Figure 10, surface and a void of
Type I NaOH based AAP can be seen, respectively.
Particulated forms are clearly observed on both
figures. These particles are made of from N-(C)-A-
S-H structures, and they appeared tidy forms like
zeolitic structures. However, in these forms Si/Al
ratios are roughly 3.5 with lesser Na* (~6%) and
higher Ca? ions (19.45% by atomic weight). In here,
potassium is also observed on EDS analysis.
Particles are cut off by the rod like lattice forms
defined by EDS#1 as can be obviously seen on the
right side of Figure 10. These rod like lattice forms
have very different elemental structure in terms of
both Si/Al and alkaline ratios. Si/Al ratio of these
structures are 2.6 and Ca? ions are approximately 3
times lesser than Na*. these separated particulate
cause decreasing the
strength as well.

structures compressive

3. CONCLUSIONS

The conclusions of this study are given below:

1. The highest late compressive strength of the
AAPs is obtained 46 MPa on C10I1.

2. Compressive strengths of AAPs with 10M NaOH
are higher 4 times than the AAPs with 5M NaOH.

3. Origin of NaOH is important for both
compressive strength and microstructural forms.

4. While bigger particles of travertine play a role as
an aggregate in AAP body, smaller particles of
travertine play a role as a reactant material.

5. Although, compressive strength of VT as a rock is
approximately 35 MPa [19], after grinded VT is
blended with travertine dust by using alkali-
activated method, the new material properties such
as compressive strength and microstructure have
improved.
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