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Preface

The 2015 International Conference on Advanced Materials and Engineering Structural Technology
(ICAMEST 2015) took place in Qingdao, China, on April 25-26, 2015. This conference was sponsored
by the Incheon Disaster Prevention Research Center (IDPRC) in INU.

The ICAMEST 2015 is an annual international conference aimed at presenting current research being
carried out in the fields of materials, structures and mechanical engineering. The idea of the conference is
for the scientists, scholars, engineers and students from universities, research institutes and industries all
around the world to present on-going research activities. This allows for the free exchange of ideas and
challenges among the conference participants and encourages future collaboration between members of
these groups. The conference also fosters the cooperation among organizations and researchers involved
in the merging fields and provides in-depth technical presentations with abundant opportunities for indi-
vidual discussions with the presenters.

The book is a collection of accepted papers. All these accepted papers were subjected to strict peer-
reviewing by 2-3 expert referees, including a preliminary review process conducted by the conference
editors and committee members before their publication by CRC Press (Taylor & Francis Group). This
book is separated into five sessions including 1. Advanced material and application, 2. Structural and civil
engineering, 3. Mechanical and industrial engineering, 4. Computer aided for engineering application,
5. Civil material and hydrology science application. The committee of ICAMEST 2015 expresses their
sincere thanks to all authors for their high-quality research papers and careful presentations. All reviewers
are also thanked for their careful comments and advices.

Thanks are finally given to CRC Press (Taylor & Francis Group) as well for producing this volume.
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Organization

Incheon Disaster Prevention Research Center (IDPRC)

Recently, various efforts to prevent and prepare are vitally needed for the prevention of disasters and
calamities. Because we understand the necessity for technology of disasters, we built up the Incheon
Disaster Prevention Research Center (IDPRC) in Incheon National University (INU) in 1997.

Accordingly, the Incheon Disaster Prevention Research Center (IDPRC) in Incheon National Univer-
sity has made progress with the research on the prevention of disasters and calamities through the vari-
ous seminars, conferences and lectures. This research could be conducted in cooperation with Incheon
National University (INU) in various fields, such as structure, soil, hydraulics and environment.

Incheon Disaster Prevention Research Center (IDPRC) will try to be a leader in the disaster of industry
through various research activities and global conferences.

XI1X



Advanced material and application



Advanced Materials and Structural Engineering — Hu (Ed.)
© 2016 Taylor & Francis Group, London, ISBN 978-1-138-02786-2

Production of external thread by means of enveloping with hob cutter

Elena V. Glushko, Nina T. Morozova & Natalia A. Glushko

Far Eastern Federal University, Vladivostok, Russia

ABSTRACT: Thread is the most common type of connections. The technology of thread milling by
means of enveloping implies the existence of machine tool accessories where the simple machine is used.
The production of thread surface by means of enveloping is performed with a special hob cutter.

1 INTRODUCTION

Thread is the most common type of connections.
Virtually there are no industries where fittings are
not applied.

There are two basic ways of manufacturing
threads:

— By plastic deformation without
material.
— By cutting with the metal removing.

removing

Methods of making the threads depend on the
presence of equipment, machining system, tools,
and other factors. Despite many years of experi-
ence in producing threaded connections, improv-
ing quality and productivity of threading is an
important task.

There are correspondent and well-defined
methods for threaded connections to all the
modes of production (large-lot, serial, unit, and
repair). The material presented below is dedicated
to the second method of forming threads and is
focused on the use of the serial, unit, and repair
industries.

The technology of thread milling by envelop-
ing (Lotsmanenko 2003) implies the machine tool
accessories and allows the following:

— Easy installation and removal of tool accessories
on the selected metal-cutting equipment;

— Quick and easy replacement of the threaded
detail with a new one;

— Elimination of the tracer templates usage in
conical thread milling.

Choosing the equipment for carrying out the
method of thread milling, we follow the fact that
the machine should be universal, the most wide-
spread and available. To meet the requirements of
both serial and single production, we use the meth-
ods of group technology.

The authors use the universal chasing lathe.

2 THE MILLING OF CYLINDRICAL
THREAD

The kinematic diagram of a thread milling proc-
ess with the method of enveloping (Glushko 2005)
is shown in the Figure 1. Production tools for the
thread consist of two main components: index
change gear train and milling head (number 3).
These nodes are kinematically rigidly connected to
each other by the driveshaft (number 9).

The index change gear train includes two gear
wheels — numbers 7 and 8, of which, number 8 is
removable when changing the entries of the cut
thread. The toothed wheel 7 is rigidly connected to
a machine spindle, and the wheel 8 is installed on a
bracket 11 that is fixed to the machine frame.

In the support of milling head number 3, a
single-start hob cutter number 2 is installed. The
head itself is fastened to the tool holder number 5
of machine support stand. Milling head number 3
together with the tool holder number 5 have two
linear displacements (along the detail rotation axis
and perpendicular to it) and one angular displace-
ment that goes around the vertical axis “O” of the
rotation of the tool holder.

The raw-part number 1 is fixed in the machine
jaw chuck number 10 for further threading. When
adjusting the milling head number 3, the worker
achieves relative alignment of horizontal axial planes
of the work piece for the thread and hob cutter. In
such case, the axis of rotation of the cutter should
be parallel to the axis of rotation of the items.

If the items are cut with short threads equal to the
width of a miller, in the process of thread milling the
hob cutter number 2 is sent a radial infeed along the
arrow S,. When cutting the “long” thread, the mill-
ing head is additionally sent with an axial feed.

S,=Z, * P, mm/rev (@)

where Z, is a number of thread entries, and P, —is
the thread pitch in mm.
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Figure 1. Scheme of an external thread milling (over-
head view): 1— detail with a thread surface, 2—hob cut-
ter, 3—milling head, 4—machine support stand 5—tool
holder, 6—support cross-feed handle (tool holder), 7 and
8—thread entries index change gear train, 9—driveshaft,
10—jaw chuck (for details installation), 11-—bracket of
an index change gear train.

In the process of thread milling the angular
velocities of the hob cutter and the detail, on the
surface of which the thread is cut, are intercon-
nected by an angular speed ratio that is equal to
the number of thread entries. The number of hob
cutter Z, entries=1, regardless of the number of cut
thread Z, entries.

Depending on the number of the cut thread,
entries interchangeable gear wheel number 8, situ-
ated in the index change gear train number 11, has
teeth number

Z,=

= @

where K is a number of thread entries.

3 THE ANALYSIS OF CUTTING MODES
FOR EXTERNAL THREAD MILLING

To provide the process of cutting the following
conditions must be implemented at the cutting
zone:

Arithmetical difference

V,>V,
V,=V, =V, 0%
defines the speed of a relative slip of the thread

surface and miller surface or, in other words, the
speed of cutting, where

R

— . — — 2
Vi=o,-R;V,=0,-R,=0,- o
12

where R, and R, are the radii of coinciding cur-
rent points of a miller surface and thread sur-
face, and w,(n,) and w,(n,) are the rotation speeds
(rounds per minute) of a miller surface and thread

2 wh i ive ratio of
” , wnere u12 1S a progresswe ratio or a
12

machine-tool meshing.
* The relation considering linear speeds V, and
V,is

as w, =

R R
V21:a}1'_2_a"1'R1:“}1(_2_R1]

uIZ uIZ

Miller mid-radius is R, = R,, — H/2, where H is
the height of the thread (or router bit). Then the
speed of cutting is

R,-H
A “‘—A,Rl ]
2

U

S zZ, 1
Considering that o, = iy U, =—>=—, as
30 Z Z
Z, — 1, the expression for calculating the speed of
cutting becomes the following

Y..=Yy= ﬂ.6(;11 '[(duz - ZH)'ZI - du]:| 3)

where d,, and d,, are the largest diameter of cut
thread, and H is the height of turn of the thread.

The diameters of the hob cutter and thread are
related by expression

d,>2d, “

Usually from the expression (3), it is possible to
determine the rpm n, of thread surface rotation,
setting the cutting speed V,,.

In the further study of cutting modes for exter-
nal thread milling, assuming that the diameter of a
hob cutter d,, = constant, expression (3) in general
can be presented as a function

V=V, (n,Z,R) (5

Because the cutting speed for external thread
milling depends on rotation », (rounds per minute),
number of entries Z,, and current radius of cutting
surface R, =d,/2.

The particular hob cutter and cut thread were
picked for the analysis of thread milling modes
(Yakuhin & Stavrov 1989):

d, =190 mm - external diameter of the cut-
ter, P = 2 mm - helically cammed surface tool
stepover.


http://www.crcnetbase.com/action/showImage?doi=10.1201/b20958-3&iName=master.img-000.jpg&w=191&h=149

Cut thread M64 x2:

H=0,86- P=1,72 mm — whole depth of cutter
(thread)

d,=d,, — H=62,3 — mean diameter of a thread,
mm.

Let us refer to expression (2), fixing there d ,, d,
and H. This way for Z, =1, relation (2) becomes

V,, = (0,00659) - n, (6)
For Z, =2: V,, = (0,01644) - n, )
For Z, =3: V,, = (0,02629) - n, ®)

The cutting speed during thread milling depends
on many factors and requires an advanced study,
especially for thread milling with profile-relieved
milled tooth hob cutter by means of enveloping.

For a first approximation, it is recommended
to define the cutting speed V21 from appropriate
tables given in reference material (Kovan 1968),
then refer to relations (6), (7), and (8) to determine
the number of rotations nl on a raw part prepared
for thread.

Rotational movement of the raw part for thread
(nl) and of hob cutter (n2) are kinematically con-
nected by the progressive ratio

Z 1
iy =M% because Z, =1
o 7 Z )

4 THE MILLING TAPERED THREADS

When cutting a tapered thread (Lotsmanenko
2000, Lotsmanenko & Lotsmanenko 1999) the
same tooling is used for the milling of cylindrical
thread. Instead of the tracer template a very sim-
ple-designed swivel head is additionally required
and it is fixed on the machine frame. The cut item
is fixed in the swivel head of jaw chuck. The swivel
head gets rotation from the chuck number 10 that
is connected with it by a separate driveshaft.

The cut detail, installed in the swivel head, turns
horizontally with an angle equals to half the angle
of the cone toward the axis of rotation of the chuck
number 10 of the machine. The tuning up of the
basic machine appliance is performed in the same
way as when milling the cylindrical thread. The
movement of the milling head remains unchanged
that means parallel to the lathe-bed axis (the rota-
tion axis of the chuck 10).

It should be noted that milling with this method
almost does not limit the angle of cone thread, the
thread profile is symmetric, and the quality of cut-
ting is high.

We called this type of taper thread as “modi-
fied.” There is more information about it provided

and described in the recourse (Lotsmanenko 2000),
which is listed in the references.

5 THE MILLER FOR THE THREAD
MILLING

Thread milling of the cutting surface by means of
enveloping is performed with a special hob cutter.

Cutting the thread surface on the workpiece can
be performed only along with a special cylindrical
single-thread hob cutter as shown in the Figure 2.
While enveloping the two profiles (profile of milling
tooth and profile of cut thread) with parallel and
crossed axes of helical surfaces, the shape of these
profiles (in any of the sections) is not the same.

For example, if the metric thread with a line
profile in an axial section is milled on the work-
piece, the hob cutter tooth profile in this same sec-
tion will have some sort of curved shape.

Externally, the miller is presented as a thread
surface of the limited length. On the thread surface
parallel to the axis of rotation there are flutings
forming gear chasing tools of a miller. The tooth
of the hob cutter is sharp pointed, limited only by
two cutting angles — front and rear. Front angle is
v=0. Tooth pointing is made only at the front sur-
face (Figure 2).

The material for the miller is instrument steel.
Heat treatment of the miller is quenching HRC
55-60.

The quantity of chasing tools of a miller is lim-
ited. That’s why the cut thread is not smooth, and it
is the surface composed of individual facets. Quali-
tative characteristics of the cutting are the length
of the threaded facets and the height of their joints.

Figure 2. Hob cutter for cutting by means of
enveloping.


http://www.crcnetbase.com/action/showImage?doi=10.1201/b20958-3&iName=master.img-001.jpg&w=100&h=171

Figure 3. Cylindrical cutting M64 X 2.

These qualitative parameters of the thread can be
influenced by changing the amount of the miller
chasing tools. These same characteristics are also
influenced by a number of thread entries.

Since the thread milling method by means of
enveloping simulates the machine-tool gearing
of a screw thread surface with generating millers
(Glushko & Lotsmanenko 2007), the directions of
these surfaces are opposite.

6 CONCLUSION

Production of an external thread by means of
enveloping is a new method of manufacturing
thread surfaces with a hob cutter. The cutting is
performed with cut-down milling, so the special
production machine tool accessories are used.

Cylindrical thread surface is cut with parallel
axes of the cutter and the workpiece rotation, and
conical thread surface is cut with crossed axes.

The results of experimental thread milling with
the method of enveloping:

While thread milling with hob cutter by envelop-
ing the thread surface becomes faceted (composed
of individual facets linked up with a break). The
reason is that the hob cutter has a certain number
of chasing tools. With increasing numbers of a
miller chasing tools or their reduction the sizes of
facets on the thread surface also change.

The experimental thread milling was performed
with the cylindrical and conical external short
threads (1 = 30 mm); the miller feed during cutting
is radial.

Thread is M64 x 12 taken from GOST (Russian
State standard) 9150-81; miller da2 = 180 mm,
number of chasing tools is “n” = 98. Screw-cutting
lathe is 1 K62.

The parameters value, obtained by calculation,
goes with an experimental one. Thread milling
machine time was 15-20 seconds (on the details
of bronze); practically it does not depend on the

Figure 4. Conical cutting MK 642 j = 10°- cosines.

number of entries. The cooling mixture is Oil
“Industrial 50”.

The size DI of facets on the surface of the thread
with Z1 = 3 is not very visible.

The height of RH facets joint has no signifi-
cant importance for the thread operation due to
the smallness (when Z1 = 1, RH = 80 microns, with
Z1 =3, RH =27 microns).

All the obtained threads
exploitable.

The parts made with cylindrical and conical
threads are shown in Figures 3 and 4.

The technology of thread milling with this
method allows cutting of multiple threads with a
single-thread hob cutter, it increases the produc-
tivity of manufacturing thread surfaces on the
workpieces.

are considered
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Comparing between OECD member countries based
on S&T innovation capacity

S.R. Lee
Technology Foresight Division Office of Future Strategy, Korea Institute of S&T Evaluation and Planning, Korea

S.S. Chun
S&T Policy Planning Division, Korea Institute of S&T Evaluation and Planning, Korea

ABSTRACT: As Science & Technology (S&T) becomes a source of global competitiveness in
knowledge-based economy, the level of S&T capacity determines a nation’s competitive power. Therefor
countries have been enhancing investment and political supports to strengthen S&T capacity. Most of all,
accurate analysis and assessment of the level of nation’s S&T ability is needed to make effective policy
measures. On the basis of the framework of the NIS (National Innovation System), this paper suggests
indexes to cover the entire cycle of S&T innovation. And it creates models to measure S&T capacity
comprehensively, and tries to appraise 30 OECD members. And to conclude, in COSTII Score based on
2013 of Individual Nations, the United States took the first place by scoring 19.386 (out of 31) and was

followed by Switzerland, Japan, and Sweden. Meanwhile, Korea ranked 8th with 11.866 points.

1 INTRODUCTION

S&T indicators are quantitative knowledge about
the parameters of scientific, technological and
innovation activity, at institutional, disciplinary,
sectoral, regional, national or pluri-national levels
(Barre 1997).

Once derived, S&T indicators can be used in
various ways from decision making to research
and analysis. Governments and corporations
track their S&T resources and activities, assess
how far these activities are meeting their goals
and predict future trends and needs for finance
and human resource development. S&T indica-
tors can also inform public discussion on sci-
ence resource allocation issues. If indicators are
derived on a systematic basis and according to
accepted definitions, S&T indicators can be used
to compare investments and performances among
countries.

Many OECD countries are already using
national S&T indicators for their economic,
industrial and human resource planning.
Although concurrent efforts are being made to
combine various indicators among different
countries—some of them use OECD S&T indi-
cators while others use Eurostat—statistics and
indicators need to be reasserted according to the
group members and purposes. This also applies
to the OECD members. One reason for increas-
ing the comparability of S&T indicators between

OECD member countries is to enhance their util-
ity for monitoring joint research goals and strate-
gies in S&T. These strategies specifically include
supporting regional S&T programs of economic
and social benefit, providing close coordination
and management of S&T activities, developing
S&T human resources and promoting network-
ing and technology transfer between research
institutions, and between the public research sec-
tor and industry.

The correlation with scientific discovery, tech-
nological innovation and economic development
is of central policy concern to all countries. The
level of R&D investment and skills has frequently
been used as a proxy for the technological level of
an industry or a country. However, this indicator
alone cannot measure the outputs of the S&T sys-
tem, nor the technological performance of indus-
tries or countries. Thus, many countries make their
efforts to devise “innovation indicators”, which are
widely analyzed today.

In EU, the efforts to produce S&T statistics are
materialized mostly on the “Statistics on Science,
Technology and Innovation (STI Key Figures)”
as one of the thematic studies of Eurostat and the
“European Innovation Scoreboard (EIS)”. STI
Key Figures mainly cover R&D statistics, including
statistics on Government Budget Appropriations
and Outlays on R&D (GBAORD), innovation
statistics (based on the Community innovation
surveys/CIS), patent statistics, statistics on Human



Resources in Science and Technology (HRST sta-
tistics), statistics on the Career Development of
Doctorate Holders (CDH statistics) and statis-
tics on high-tech industries and knowledge-based
services.

The OECD’s Main S&T Indicators is a bi-
annual publication that provides a set of indicators
that reflect the level and structure of the efforts
undertaken by OECD member countries and 9
non-member economies in the field of science
and technology. These data include final and pro-
visional results as well as forecasts established by
government authorities. The indicators cover the
resources devoted to research and development,
patent families, technology balance of payments
and international trade in highly R&D intensive
industries. Also presented are the underlying eco-
nomic series used to calculate these indicators.
Series are presented for a reference year and the last
six years for which data are available (paper publi-
cation) and beginning 1981 (electronic editions). It
now categorizes S&T data into 18 dimensions and
149 indicators. Korea frequently uses this data to
compare its S&T status with other countries.

2 CONCEPT

Today S&T is a main source of national com-
petitive power in knowledge based economy. The
necessity for an accurate diagnosis and evaluation
of science and technology innovation capacity
has been emphasized. For the improvement of a
national S&T capability, it is needed to evaluate a
present level of S&T accurately.

As we know, there are some surveys for inspect a
national competitiveness, such as IMD, WEF and
OECD STI. But they have a limitation on evalua-
tion methods. In IMD report, S&T is regarded as
infrastructure of internal enterprise’s competitive-
ness. And it has No based model, No composite
index. In case of OECD STI, it has difficulty in
overall comparison of innovation capabilities lev-
els among nations and R&D input & outcome is
too centered on the private sector.

So, we tried to develop the COSTII (Composite
Science and Technology Innovation Index) to over-
come those limitations and to evaluate a nation’s
capability of S&T Innovation compositely by the
medium of rational model, Based on National
Innovation System model. COSTII is an indica-
tor developed by Korea to look into the innova-
tion capacity of 30 OECD members. It is created
in order to obtain S&T information far beyond
merely statistical numbers. Unlike simple statisti-
cal data that outlay all related S&T information,
COSTII gathers innovation-related S&T statistics
and reinterpret them in order to compare with

those from other countries. There are five dimen-
sions for COSTII—resources, activities, network,
environment, and performance—which are further
categorized into human resources, organization,
R&D investment, international cooperation, etc.
31 individual indicators comprise these dimensions,
and the mean data for each dimension are rescaled
to produce comparable international rankings.

3 METHOD

In, National Innovative Capacity is defined as the
ability of a country to produce and commercialize
a flow of innovative technology over the long term
(Porter. & Stern 2001).

Science and technology capacity is defined for
the purpose of this exercise as the ability of a coun-
try to absorb and retain specialized knowledge and
to exploit it to conduct research, meet needs and
develop efficient products and processes (Wagner
et al. 2004). The ability to use specialized knowl-
edge emerges from interactions of institutions and
people, responds to public missions, and relies upon
infrastructure. These bases can be represented
by indicators, and it is possible to measure S&T
capacity from a broad perspective of overlapping
indicators representing direct and indirect meas-
ures. While it is possible to list countries merely
by the percentage of investment in research and
development (GERD), or by scientific papers or
patents, which are direct measures of the outcomes
of S&T, many countries would not be represented
in such a list. These direct measures would provide
little insight into the potential development of one
country if it conducts various S&T activities, col-
laborates with other nations, or even uses existing
resources to build additional capacity.

In this paper, we defines Science and Technol-
ogy Innovation Capability as a nation’s capability
to produce outcomes that are of economic and
social value at the final stage through innovation
and improvement in the field of S&T, like OECD
definition.

And our goal is to evaluate science and technol-
ogy innovation capacity by developing a model
and indicators that can give comprehensive diag-
nosis and later, identifies strengths and weaknesses
to propose policy to improve science and technol-
ogy innovation capacity.

Evaluated Nations are featured 30 member
countries of the OECD (Organization for Eco-
nomic Cooperation and Development). Although
OECD now has 34 member countries, new mem-
bers were excluded in COSTII due to low data
availability. Information of additional members is
expected to be reflected when relevant data can be
collected.



Table 1. Evaluated nations.

Australia Austria Belgium
Denmark Finland France
Hungary Iceland Ireland
Korea Luxembourg Mexico
Norway Poland Portugal
Sweden Switzerland Turkey

Canada Czech Republic
Germany Greece

Italy Japan
Netherlands New Zealand
Slovak Republic Spain

United Kingdom United States

Input

Innovative organization
Knowledge resources

Netweark

Triple helic cooparation

R&D investmant Industrial cooparation
Entrepransurial activity International cooperation

n
Social infrastructure
Innovative culture

Figure 1. Evaluation model.

Evaluation Model is Based on the framework
of the National Innovation System (NIS), the
innovative process consists of five dimensions of
innovation: resources, activities, network, envi-
ronment, and performance. Innovation Resource,
Innovation Activities, Innovation Network, Inno-
vation Environment are in Input field, Innovation
Performance is in Output. An arrow means that
those 5 areas exchange an influence each other
systematically.

The Concept of NIS is the elements and rela-
tionships which interact in the production, dif-
fusion and use of new, and economically useful,
knowledge And are either located within
or rooted inside the borders of a nation State
(Lundvall 1992).

On the basis of the framework of National Inno-
vation System (NIS), the evaluation of science &
technology innovation capacity consists of com-
prehensive review of the overall process of inno-
vation, from input and activities to performance.
The process assumes a systematic approach that
regards the active interaction between the different
elements as being a decisive factor of national sci-
ence and technology innovation capacity.

Then put weights among 13 items, through
expert surveys which based on fuzzy set theory.
And Convert the ratio of weighting into integer
numbers to allocate the number of indicators to
each item. After Select 31 indicators out of the first
selected 79 indicators pool, allocate the number of
indicators by according to the importance of each
items. And Select the indicators of each item, with
conditions as follows.

For the selection of proper indicators, the possi-
bility of acquiring statistical data is critical to com-
pare OECD member country. Rationale for model
and upper-level, like 5 areas and 13 items and dis-
tinction from other indicators is important, too. If
the indicators possess high statistical relevance, the
indicator expert committee selects most plausible
and representative one. Then we draw 5 elements,
13 items, 31 indicators. It has 27 quantitative,
4 qualitative indicators.

Innovation Resource Indicator shows how much
basic resources innovation entities can utilize for
science and technology innovation. And it con-
sists of human resources, innovation organization,
and knowledge resources, such as researchers, top
100 universities and paper and patent stock.

Innovation Activities Indicator identifies inno-
vation entities’ activities of creating and utilizing
new knowledge, and volition for innovation activi-
ties. It measures each entity’s innovation activities
according to the scale and distribution of material
resources, such as R&D investment, the level of
R&D activities, and start-up activities.

Innovation Network Indicator shows the
network among innovation entities and coop-
eration through the network, such as flow of
knowledge and technology diffusion, within the
innovation system. So it identifies the status of
cooperation among industry-academia-research
institutes, major players of domestic research and
development, and international cooperation.

Innovation Environment Indicator shows whether
infrastructure is duly established for efficient innova-
tion activities. Innovation environment is composed
of various systems that support or facilitate inno-
vation activities, innovation culture, and physical
infrastructure, such as Tax advantage, protection of
intellectual property right, broadband subscriber.

Innovation Outcome Indicator measures con-
crete outcomes of innovation activities. Innovation
performance can be divided into knowledge crea-
tion and economic outcome. Knowledge creation is
composed of indicators related with papers and pat-
ents. And economic outcome comprised of creation
of added value, and improvement of trade balance.

In steps of collecting data, most data are from
international statistical indicators for compara-
bility with other countries. For the quantitative
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Table 2. Structure of evaluation model.

Area Items Weights # of indicators
Innovation Human resources 0.79 3
resources (7) Innovation organization 0.53 2
Knowledge resources 0.59 2
Innovation R&D investment 0.99 5
activities (7) Start-up activities 0.60 2
Innovation Triple-helix cooperation 0.60 2
networks (5) Industrial cooperation 0.40 1
International cooperation 0.50 2
Innovation Innovation support system 0.55 2
environment (6) Physical infrastructure 0.55 2
Innovation culture 0.55 2
Innovation Knowledge creation 0.80 3
outcomes (6) Economic outcomes 0.80 3

indicators, data get from OECD MSTI, OECD
scoreboard, USPTO, Thomson ISI, Global Entre-
preneurship Monitor, and World Bank. And for
qualitative data, use IMD competitiveness year-
book and WEF global competitiveness report.

The collected data are then “re-scaled” for stand-
ardization. The methodology is, for each country’s
indicator, the maximum data is designated “17,
while the minimum data is “0”.

Re-scaled standard value is,

Value, ..., — Value
Standardized Value = (object) Uowest)

Value(highest) - Value(lowest)
)]

X To revise the missing value, if any, replaced it
by the mean value of all indicators within the same
dimension.

In order to produce the COSTII value, it is needed
to calculate the standard value of 5 items. Items’
value is draw through combining a standard value
of indicators which are belonging to each item.

In this formula, weight of each indicator is equal

CI = 2 w; X, (@)
1

CI =items index X,: standard value of indicators
w;=1
(€)

Finally, COSTII is calculated by combining five
items values from each dimension.

5
COSTII =Y CI, CI =items index
1

4)

Resources Activities MNetwark Ervirenment Performance

Tora of & detaled

Rotal ol 1 detaled
indicatonn, sk ol o B
30 i, computed

Yot of 7 Uetased Total ol & detabed Totdl of & detaled
e = i

inditaton, sanks of st rankyed | indicateen carin of
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COSTH Computed

Total of 5 categonies, ranks
of 30 natioms computed
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Figure 2. COSTII computation process.

This methodology is applied to OECD member
countries, with values lying between 0 and 31.

4 RESULT AND CONCLUSION

In COSTII Score based on 2013 of Individual
Nations, the United States took the first place by
scoring 19.386 (out of 31) and was followed by
Switzerland (14.476), Japan (13.661), and Sweden
(13.236). Meanwhile, Korea ranked 8th with
11.866 points.

Putting United States, the best performer, at
100.0%, the relative level of Switzerland, the
runner-up, is around 74.7% while South Korea
stands at around 61.2%.

According to the analysis by Dimension, in
resources, the United States ranked first with 5.853
points (out of 7 points), which was more than twice
of the OECD average score. The US was followed
by Japan (2.802), Germany (2.239), and United
Kingdom (2.013).

As for activities, the leading group consists of
the United States (5.338 points, out of 7 points),
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Figure 3. COSTII score of 30 OECD member nations.

Figure 5. Resources index of 30 OECD members.

(HI it

Figure 6. Activities index of 30 OECD members.

Iceland (4.079), Finland (4.042), and South Korea
(3.998). The OECD average was 2.539 points.

In Network, Belgium scored the highest in net-
work with 2.757 points (out of 5 points) and the
leading group includes Luxembourg (2.677), the
Netherlands (2.587) and Switzerland (2.357).

In environment, the Netherlands ranked first
with 4.175 points (out of 6 points), followed by
Sweden (4.125), Canada (3.947), Finland (3.939),
and the United States (3.929).

In case of performance, the leading group
includes Switzerland (3.086, out of 6 points),
Ireland (2.825), the United States (2.765 points),
Japan (2.596), and the Netherlands (2.447). The
OECD average was 1.496 points.
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Figure 7. Network index of 30 OECD members.

Figure 8. Environment index of 30 OECD members.

Figure 9. Performance index of 30 OECD members.

Today S&T is a main source of national com-
petitive power. The accurate evaluation of S&T
innovation capacity has been emphasized, for
the improvement of a national S&T capability. In
this paper, we developed the COSTII to evaluate
a nation’s capability of S&T Innovation compos-
itely by the medium of rational model, based on
National Innovation System model. The COSTII
can be a synthetic indicator for looking into the
innovation capacity of 30 OECD members.

But, there are some challenges on the COSTII.
First is the internationalization. The COSTII
needs to be promoted an international recogni-
tion. It is necessary to seek ways to utilize not
only Korean experts but also NESTI expert
within OECD. And it need to develop an own
survey indicators to overcome the limitation of
quantitative indicators. And to enhance an appli-
cation, revise a present S&T policy and establish
a new one which is reflected the result of the
COSTII Raising a rationality of methodology.
Lastly to raise a rationality of this methodology,
it needs to compare the outcomes by using such
methods as AHP, Factor Analysis and fuzzy set
theory.
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Dependence of the coercive force on the size of the core/shell
nanoparticles magnetite/titanomagnetite

M. Shmykova, L. Afremov & 1. Iliushin

Far Eastern Federal University, Viadivostok, Russia

ABSTRACT: This work is devoted to the modeling of the coercive field dependence on the core size of
Magnetite/Titanomagnetite core/shell nanoparticles. Nanoparticles with sizes up to 100 nm and a differ-
ent portion of magnetite have been studied. It has been shown that increasing the magnetite portion in
particle does not affect coercive field up to some critical size of the core, after which it rapidly grows to a

maximum value.

1 INTRODUCTION

Titanomagnetite is the main source of the rema-
nent magnetization in most rocks and sometimes
found in the oxidized state in the continental
basalts and soils. Magnetic anomalies observed at
the sea are due to the magnetization of the crust
and provide fundamental information about the
age of the rock in terms of the theory of plate
tectonics. Titanomagnetite is a very interesting
system to study the role of fine microstructure of
Earth’s magnetic field and magnetic properties of
rocks. It is an important basalt mineral and well
represented on Earth, Moon, and Mars. Remanent
magnetization of these minerals can be a part of
the planetary magnetic field and contains informa-
tion about the evolution of the geomagnetic fields
in the solar system. Portion of the titanium in solid
solutions strongly depends on temperature and
pressure that determine the equilibrium state of
titanomagnetites. Magnetite, with magnetization
determined as its volume fraction, is obtained as
the result of titanomagnetite decay and can be used
as an indicator for decay process. The first mention
of existence of two-phase germination of magnetite
oxides in titanomagnetite spinels was in the work of
Mogensen (1946). Subsequently, Hjelm-Kwist and
Ramdohr (1965) shown that magnetite exsolutions
are a common feature of the titanomagnetite decay.
Germination is highly interesting due to the possi-
bility of changing of magnetic properties of rocks.

Data obtained during the study of titanomagnet-
ite provide information about physical and chemi-
cal properties of oxides, environmental conditions
during their formation and subsequent cooling.
Magnetic properties of titanomagnetite can depend
on low-temperature conversion of oxides, e.g.,
oxidizing or decay of solid solution leads to the
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formation of ulvospinel (Fe,TiO,) and magnetite
(Fe,O,). It is known, that increasing of iron fraction
in titanomagnetite leads to a number of variations
in the magnetic, electronic and structural properties.
For example, increasing of a fraction of divalent
iron leads to the increase of magnetostriction and,
thus, higher values of coercive field (Banerjee 1991,
Pearce et al. 2012). Titanomagnetite plays a signifi-
cant role in paleomagnetic researches and interest-
ing for technological application (Kakol et al. 1991,
Pearce et al. 2006). Among the existing methods of
theoretical study of the dependence of the magnetic
properties of the two-sublattice magnetic materials,
which include titanomagnetite, it should be noted
that the method of calculation for the exchange
interaction of random fields is used for solving
the problem of the concentration phase transitions
of two-sublattice systems (Belokon et al. 2012), as
well as numerical simulation within the Ising model
(Nefedev & Kapitan 2013).

The aim of this work is to study the dependence
of coercive field on magnetite core size in core/shell
nanoparticles. Modeling of hysteresis loops behav-
ior of titanomagnetite particles with sizes upto 100
nm (size of magnetite core is varied from 0 nm to
almost 100 nm) has been carried out within our
model of core/shell nanoparticle.

2 MODEL OF THE MAGNETITE/
TITANOMAGNETITE NANOPARTICLE

Model, which is used for modeling of magnetiza-
tion process of nanoparticles, can be described in
the following ways (Nefedev & Kapitan 2013):

1. Uniformly magnetized titanomagnetite parti-
cle Fe,, 56 Ti,, 44 0, (phase 1) has an ellipsoidal
shape with elongation Q and volume V., which



contains uniformly magnetized magnetite core
(phase 2) of an ellipsoidal shape with elonga-
tion ¢ and volume v = €V

. It is assumed that the axes of crystallography
anisotropy of both phases are parallel to the
long axes of elli (ﬁJSOlds and magnetlzatlon vec-
tors of phases I and 1§ ) are in the yOz plane
(Fig. 1);

. External magnetic field is applied along axis Oz;

. The total energy of nanoparticle is composed of
the anisotropy energy, magnetostatic interaction
energy, exchange interaction energy, and energy
of the external field (Afremov & Ilyushin 2013):

(1)y2
F= {——(154) KW cos2Y

@) cos 2447
+ 15(1)15(,2) (—L{l sin Y sin 4%

+ U, cos ﬂ(l) cos JZ))}V

N

(M

where the effective anisotropy constants K- of
phases and the constants of interphase inter-
action U, and U, are defined by the following
equations:

KV =(1- kP +(1-20)kY + ek,

()
K = g(k'P + k)
M _ 20 _
U= ky —ky N 254, ,
3 o1 1%
o A3)
KD _ @ 2A.
UZ =& (kN kN ) _ ‘SAm
3 oI 1P

. (1.2)
In these equations kﬂ’z)zKl/(lf.l’z))z’kf‘ —
are dimensionless crystallography anisotropy

Figure 1. Illustration for the model of two-phase mag-
netite/titanomagnetite nanoparticles.
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constants and shape anisotropy constants of
phases, respectively. Where K,—first anisotropy
constant, V—particle volume, s—surface area
separating the phases, e—core volume to particle
volume ratio, 4,—interphase exchange interac-
tion constant, 6—the width of the transition area
of the order of the lattice constant. Note that
shape of anisotropy constant k, = 2n (1-3N)) is
calculated by using demagnetization factor N.
along the long axis, depending only on elongation
of ellipsoid ¢:

N, = [\/ﬁ— qarc cos(q)}/(q2 12

According to the model (Nefedev & Kapitan
2013, Afremov & Ilyushin 2013), if thermal fluc-
tuations can be neglected and in the absence of
external field these nanoparticles can be in one of
four states characterized by the different orienta-
tion of the magnetic moments:

magnetic moments of both phases are parallel
and directed along the axis Oz;

magnetic moment of the first phase is directed
along axis Oz, and second is directed in the
opposite way;

both the magnetic moments are antiparallel to
the axis Oz;

magnetic moment of the second phase is parallel
to the axis Oz, and first phase is antiparallel.

If thermal fluctuations cannot be neglected, a
system of two phase nanoparticles, remaining in
the non-equilibrium state after some time ¢ must
come into a state with a population, defined by
vector.

N(t) = {n,(1), ny1), ny(¢), n,(t)}, components n(r),
can be described as probabilities of finding the
nanoparticle in one of the above-mentioned states.
According to Afremov & Ilyushin, (2013), popula-
tion vector is defined by the following equation:

M =W N@t)+V,
dt
oy
N({t=0)=Ny=|ngy, |,
My3 “)
nl(t) z W, i=
4i> b —
N(f)_ I’lz(l) zk = JEi
ns (1) Wi =W i#k,
W41
V=| Wy | (®)
W43
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n,(f) can be defined from the normalization con-
dition: n,(?) + ny(2), ny(t) + n, (1) = 1,

W, =f, exp (—E;/kzT)—matrix elements of
transition probability matrix from i equilibrium
state to k, f, = 10 57! frequency factor,

E,; = E™ _ E™M"__potential barrier, where
Ei(/?m) is the smallest of maximal energy val-
ues, corresponding to the transition of magnetic
moment from i equilibrium state with energy
E™™ to [ state. To calculate E,, we use the equa-
tion for the total energy of two-phase nanoparticle
(Equation 1).

The solution of system 4 can be conveniently
written by using matrix exponents:

[

N(t)=exp(1) Ny + [ exp(W(t - 2))drV. (6)

Equation 6 allows us to get an equation for
the magnetization of the system of two-phase
nanoparticles:

10 =[O =m@)((1= &) 1+ 21?)

() =n @)1= 1 - £10)
ny(0) = 1= m(6) = my(1) = my (o).

@)

2.1

Thermal stability of magnetic carriers and mag-
netic storage elements becomes significant at low
sizes of magnetic structures (Nefedev & Kapitan
2013). Calculation of thermal stability requires an
assessment of the rate of transition between sta-
ble states of equilibrium of the nanoparticle. To
accurately calculate the probability of the particle
transition between states, one needs to own the
most complete information about the value of the
potential barrier between these states. The micro-
structure of magnetite can contain lots of local
minimums that complicate the calculation of the
optimal energy barrier (Fig. 2).

The solution to this problem is various numerical
methods widely used in solid state physics, theoret-
ical chemistry and material study. At the moment,
there are many different algorithms used to calcu-
late energy barriers. For example MEPs, NEB, etc.
Many of these methods are focused on finding the
special points—saddle points (Afremov & Ilyushin
2013, Afremov & Panov 2004). In our work, we
used this idea of finding the saddle point to obtain
the values of the energy barrier separating states
by using simple calculations.

To determine the possible states of the nanopar-
ticles is necessary to determine the minimums and
maximums of this function as well as to determine
whether there are the saddle points through which

Calculation of the potential barriers
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Figure 2. [Illustration of the problem of finding the
minimal barrier.

the particle can move from one state to another. It
is necessary to investigate the points of extremum
of this function.

After getting a set of solutions, we need to
understand which points are minima and which
are maxima. To do this, we use the standard
mathematical condition for finding the points of
extremum of functions of several variables.

I’E(WY, 4y 3’ E(), #Y)

f(ﬂma 5 = 9250 229
PES, 5 ®
L adMes® )7

It f(#Y, %) and 82E(1}“),1}“2))/8215‘1) >0
(or *E(HY, £9)/9*°9? > 0) then these points
are related to maximum energy E = E(#V, 92, if
f(zy(l), Z9(2)) >0 and 82E(z)‘“\’, 1}(2\’)/8219(1) <0 (or
"E(AY, #)/9°? < 0), then these points are
minimum energy. All other points require further
analysis. The solution of this problem is to calcu-
late the value of the function in the neighborhood
of a given point. If the given function is decreas-
ing in all directions except for one point this can
be attributed to a saddle value and use it in the
calculation of the energy barrier, in the opposite
case, the remaining points do not fulfill any of the
above-mentioned conditions it is possible to calcu-
late the energy barrier, moving the particle along
the boundary of the function. Changing o or
and taking the maximum value of the barrier out
of 2 presented.

max(E[«,0]) at {«,0, 7} max(E[z, f]) at { 5,0, 7}
©))
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Figure 3. Dependence of coercive field H, of magnet-

ite core radius of magnetite/titanomagnetite core/shell
nanoparticles.

The same in the opposite direction:

max(E[0, A]) at { 4,0, 7} max( E[e, 7)) at {«,0,7}
(10)

Finding the minimal value from Equations
3 and 4 we obtain the barrier. Given operation
allows us to accurately determine value of the min-
imal energy barrier and show if it is possible for the
particle to move to this state.

3 COERCIVE FIELD OF THE MAGNETITE/
TITANOMAGNETITE NANOPARTICLES

Naturally coercive field H, of the nanoparticles
increasing with the increase of fraction of the
magnetite in the core/shell nanoparticle (Fig. 3). It
should be noted that there is an area where growth
of magnetite core does not affect coercive field of
the system. Only at » > 30 nm coercive field sharply
increases up to the maximum value, corresponding
to the H, of magnetite. It is due to the block-
ing of the magnetic moments of nanoparticles at
r = 30 nm, which results in sharp increase of coer-
cive field. The dependence of coercive field on the
size of magnetite core is in good agreement with
experimental results (Pearce et al. 2012, Kakol
et al. 1991).

4 CONCLUSIONS

In this work, the study of dependence of coercive
field H, on a size of magnetite core has been carried
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out within the model of magnetite/titanomagnetite
core/shell nanoparticles. It is shown that H, of core/
shell nanoparticles sharply increases with an increase
of magnetite fraction of the core sizes of the order
of 60 nm due to the magnetic moment blocking.

It has been shown that increasing of magnetite
portion in particle does not affect coercive field
up to some critical size of the core, after which it
rapidly grows to maximum value. These results can
be used in the modeling process of disintegration
titanomagnetites. Thus, our model of core/shell
nanoparticles can be used to study the products of
titanomagnetite decay.
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ABSTRACT: Zhisin clay is used as raw clay material in this study. This clay is mixed with Taitung
area argillite to produce the backfill material for potential application such as barrier for the disposal of
low-level radioactive wastes. The interactions between the concrete barrier and the backfill material are
simulated by an accelerated migration test to investigate the effect of contacting concrete on the expected
functions of backfill material. The results show that backfill material near the contact with the concrete
barrier exhibited a significant change in the ratio of calcium/sodium exchange capacity, due to the release
of calcium ions from the concrete material. Also, some decrease in swelling capacity of the backfill mate-

rial near the concrete-backfill interface was noted.

1 INTRODUCTION

Thedisposal of low-level radioactive wastes requires
multi-barrier facilities to contain the wastes and
prevent contamination. Typically, the engineered
barrier is composed of a concrete vault backfilled
with sand/bentonite mixture. The backfill material
is a mixture of bentonite and sand/gravel produced
by crushing the rocks excavated at the site. With
a high swelling potential, bentonite is expected to
serve the sealing function, while the crushed sand/
gravel improves the workability and stability of the
mixture. Due to the nature of radioactive wastes,
the disposal site is designed for a service life of
300 years or more, which is much longer than typi-
cal engineering or earth works. With such a long
service life, the site is subject to groundwater intru-
sion and geochemical evolution, making the near-
field environment evolution of the disposal site a
complex problem. (Han, K. et al. 1997)

In the vicinity of the concrete vault in a disposal
site, the high-alkali concrete environment can
cause changes in the pore solution and alter the
nature of backfill materials. Although the interac-
tion between the concrete barrier and the backfill
material does not affect the two barriers immedi-
ately, the interaction is reacting continually over a
long period of time. The physical characteristics of
the two barriers can be changed by this long-term
interaction. Takafumi and Yukikazy (2008) used
a migration technique to simulate the interaction
between different types of concrete barrier and
the backfill materials. It was found that the swell-
ing capacity is reduced with the increase of accel-
erated migration test periods for the bentonites.
The swelling capacity of the bentonite in contact
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with fly ash concrete is higher than that with OPC
concrete. Therefore, the interaction between the
concrete and the backfill material needs to be
assessed, such that the barriers serve the expected
functions for a pro-longed period of time. In this
research, an accelerated migration test was devised
to understand the effects of leaching from the con-
crete on the characteristics of backfill material.
The two barrier materials (concrete and backfill)
were placed in contact and then an electric gradient
applied to accelerate the move of actions between
the two barriers. A direct current was used for a
composite specimen with a cylindrical section in
which an electrical potential gradient was applied.
The physical characteristics of bentonite are care-
fully examined so as to assure that the long-term
contact with these two barriers does not cause
severe degradation. The analysis includes swelling
capacity and calcium and sodium exchange capac-
ity (CEC) of the bentonite material.

2 MATERIALS AND METHODS

2.1

Locally available Zhisin clay originated from
Taitung, Taiwan was used as raw clay material in
this study. Zhisin clay is mixed with Taitung area
argillite, which is originated from the rock around
the disposal site to produce the backfill material.
The chemical compositions of the clay are given
in Table 1. The Taitung area argillite is crushed to
a maximum size of 2.36 mm and a minimum size
of 150 um. (Sivapullaiah, P. V. et al. 1996) The mix
proportion of concrete used in this study is given in
Table 2. The compressive strength of the concrete

Materials



Table 1. Chemical compositions in

Zhisin clay.

Compositions (%)
Sio, 55.4
AlO; 20.1
Fe,0, 5.5
CaO 2.6
Na,O 0.7
MgO 1.7
K,0 1.4
Table 2. Mix proportions of concrete
(kg/m?).

Mineral (kg/m?)
Cement 243
Slag 88
Fly ash 88
Silica fume 28
Water 210
Coarse aggregate 1003
Fine aggregate 658
Water reducing admixture 44

at the age of 28 days was determined to be higher
than 35 MPa. Hardened concrete specimens with
a diameter of 70 mm were sliced at a thickness of
30 mm for the accelerated migration test.

2.2 Migration test

In this research, a migration technique was applied
to accelerate the move of calcium ions from the
pore solution of concrete so as to investigate
the alteration of backfill material in contact with
the concrete. A direct current voltage of 15 Volts
was used for a composite specimen with a cylindri-
cal section in which an electrical potential gradient
was applied. Figure 1 shows a schematic diagram
of the accelerated migration test. The cathode was
embedded in the compacted bentonite gravel mix-
ture, while the anode was immersed in a saturated
calcium solution. Migration tests were conducted
in a temperature controlled room (25 £ 2°C). The
current was measured by multi-tester when the
accelerated migration test was in progress.

2.3 Analysis

At the end of the accelerated migration period, the
composite cell was dismantled so that the speci-
mens were ready for analysis. The compacted ben-
tonite was sliced into seventh layers with different
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Figure 1. Schematic view of accelerated migration test.

thickness. The thickness of the first five layers was
8 mm, and that of the sixth and the seventh layers
was 15 mm for the sliced compacted bentonites.

In order to remove the sand in composite speci-
men, each slice of the backfill material was sieved
such that only powder material with particle size
less than 150 um was used for testing of swell-
ing capacity and exchange capacity of calcium
and sodium (CEC). According to ASTM D5890,
the powder samples of the bentonite were mixed
with 100 mL distilled water and then the volume
increase was measured after 24 hours. The swell-
ing capacity was measured by the increase in the
free volume of the bentonite. The CEC of Zhisin
clay was measured by Inductively Coupled Plasma
(ICP) analysis.

3 RESULTS AND DISCUSSION

3.1

Figure 2 shows the change of current with time in
an accelerated migration test. The measured cur-
rent became stable when the test periods lasted
over 216 hours. In order to confirm the interaction
has been completed between the concrete barrier
and the backfill materials, the accelerated migra-
tion test continued for 500 hours.

Cumulative electric charge on migration test

3.2 The ratio of calcium to sodium content

Figure 3 gives the exchangeable capacity of cal-
cium and sodium in Zhisin clay along the depth
of backfill materials. Over the test period lasting
500 hours, the exchangeable capacity of calcium
increased, while that of sodium remained about
the same.

Figure 4 shows the variation in the ratio of cal-
cium to sodium exchangeable capacity in Zhisin
clay. The interface between concrete and backfill
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Figure 4. Variation of the ratio of calcium/sodium con-
tent with distance from the interface.

is at depth 0 cm, and the depth in the horizontal
axis represents the distance from the interface at
which the exchangeable capacity was measured. In
Figure 4 the ratio of calcium to sodium content
increases with the increase of accelerated migra-
tion test period. The ratio of calcium to sodium
content for Zhisin clay shows an increase to 1.8
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over 500 hours of the test. This indicates that there
is an increase in the calcium content, especially in
the layers close to the contacting interface. And the
change in the ratio of calcium to sodium content in
Zhisin clay occurs within 2.5 cm from the interface.
As the distance from the interface increases, the
change in the ratio of calcium to sodium content
becomes less obvious.

3.3 Swelling capacity

The ions released from concrete tend to change
the swelling capacity of bentonite. The change of
the swelling capacity in the corresponding layer
of the compacted backfill made with Zhisin clay
is given in Figure 5, the swelling potential of the
raw bentonite material is shown in these figures in
dash line.

It is observed that the swelling capacity is reduced
with the increase of accelerated migration test period.
In Figure 5, the change of the swelling capacity in
Zhisin clay occurs within a distance of 2.0 cm from
the interface. This observation is most pronounced
in the first layer after a test period of 500 hours. The
swelling capacity decreases to 6 mL/2 g. This results
from the accelerated migration of ions from the pore
solution of concrete to backfill in an accelerated
migration test. The ions react with montmorillonite,
the main mineral component of bentonite, and con-
verted it to non-swelling minerals such as zeolites,
resulting in a decrease in swelling capacity. And the
distance from the interface decreases, we observe
more reduction of swelling capacity.

Figure 6 shows the relationship between the
swelling capacity ratios (Ry,) and the ratio of cati-
ons using Equation (1).
R, = EP/EP,. (D
where EP is the swelling capacity at each layer
and EP, is the mean value of the swelling capacity

15
T | et o st e A e
Iz ..
'-. _j.__ & & _'_.-I
£ i —
E [ - _!’, - L —a— g
2
s .
= A
|§_ 5 | 24y
g S00hr
= = = Zhishin cloy
1}
0 1 2 3 4 5 6 7
Dmlh{cml 1
Figure 5. Change of swelling capacity of Zhisin ben-
tonite with depth.
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Figure 6. Reduction of swelling capacity with increase
in calcium ions.

obtained from the pure Zhisin clay. The ratio of
the swelling capacity reduces with the increase in
the ratio of cations,—indicating that the swelling
capacity becomes lower when the relative content
of calcium ions gets higher. This tendency is more
noticeable in the first and the second layers after
500 hours of testing for Zhisin clay. The swelling
capacity ratio of the first and second layers was
0.52 and 0.65, respectively, while the correspond-
ing ratio of cations is 1.80 and 1.75.

4 CONCLUSIONS

In this research, a migration technique was applied
to accelerate the migration of calcium ions from
concrete to investigate the alteration of compacted
Zhisin clay-sand mixture in contact with the
concrete. The followings conclusions were drawn
from the experimental results:

1. The experimental results indicate that, the
accelerated migration test could effectively sim-
ulate the long-term behavior of the interaction
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between the concrete barrier and the back-
fill materials. Over a test period of 500 hours,
the interaction between concrete and backfill
approaches completion.

. The migration of calcium from concrete results
in the reduction of swelling capacity of the con-
tacting bentonite. And as the distance from the
interface decrease, the more the ratio of calcium
to sodium content increases. This alteration
effect is more pronounced for bentonite mate-
rial near the contact interface with concrete. As
the distance from the interface increases, the
effect of the migration of calcium on the ben-
tonite decreases.
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Structural and technological patterns of formation of surface
nanostructured layers TiNiZr by high-speed flame spraying
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Kuban State Technological University, Krasnodar, Russian Federation

ABSTRACT: Based on the analysis of the phase composition, the average grain size was determined by
using high-resolution electron microscopy that showed the correlation of the properties of the coatings
with their structural phase state. The influence of structure and the mechanical properties of the steel
composition were shown—in terms of wear of the coating. It is shown that the deposition of mechani-
cally activated powder of optimal size provides increased durability.

1 INTRODUCTION

Materials with a Shape Memory Effect (SME)
have been successfully implemented in modern
units and structures. One of the areas for appli-
cation of this development is the production of
semi-finished products and technologies that use
shape memory alloys for the creation of detach-
able joints and parts (Likhachev 1997, Blednova &
Rusinov 2014, Rusinov & Blednova 2015, Rusinov
etal. 2015, Blednova et al. 2014). Due to the effects
of the power generation and the stress relaxation
of surface-modified layer by alloy with thermo-
mechanical memory, which is only a fraction of
the total mass and may provide new features and
details of the structural elements. It is widely
known that the intermetallic nickel-aluminum-
based NiAl possesses a high-temperature shape
memory effect (the temperature of martensitic
transformations in NiAl alloys with shape memory
effect can reach 1000 K) with the formation of
several different variants of martensite with differ-
ent structures (Kositsyn et al. 2006). A less-known
alloy with shape memory is TiNiZr. The substitu-
tion of the titanium with zirconium increases the
temperature of martensitic transformations more
than 400 K. Thus, the TiNiZr alloy has a high-tem-
perature shape memory effect (Firstov et al. 2004),
which is greater than the alloy strength properties
of NiAl, and this is of interest to a number of dif-
ferent industries.

The aim of this work is to investigate the pos-
sibility of designing the structure of the surface
layers of the alloys of TiNiZr with a high-velocity
flame spraying of mechanically activated powder
to ensure its functional and mechanical proper-
ties, and on this basis to create efficient functional
materials and components.
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Figure 1. The PN47T26C27 powder mechanically
pulverized in a GEFET-2 attritor, which was acti-
vated for 30 minutes: (a) x300; (b) the effect of time of
mechanical activation on the particle size of the powder
PN47T26C27.
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The formation of the surface layers was pro-
duced by high-speed flame spraying of mechani-
cally activated powder materials with shape memory
effect based on the modernized PN47T26C27
GLC. The material used for the mechanical acti-
vation of powder was PN47T26C27. The steel
powder 1045 was used as a base. The size of the
fractions of PN47T26C27 in the initial state is
50-70 microns. The structure of the newly formed
PN47T26C27 powder consisted of the austenitic
phase (~65%) and the martensitic phase (~35%).
Mechanical activation and grinding of the
PN47T26C27 powder was carried out by using ball
mill Hephaestus-2 (AGO-2U) with the following
parameters: frequency of rotation of the drum was
1200 min™', the rotational speed of the carrier was
900 min~', the diameter of the steel balls was 6 mm,
while the running time was 10-30 min. After the
mechanical activation, PN47T26C27 powder got
the form of flat discs ranging from 10 to 30 um
(Fig. la and 1b).

2 THE TECHNOLOGY OF FORMING
OF THE SURFACE LAYERS

Before the high-speed flame spraying of
PN47T26C27 powder, the cleansing of the sur-
faces of steel samples from contaminants was
performed, the blasting process, followed by an
immersion in a 15-20% solution of HNO, was car-
ried out. High-speed flame spraying was carried
out in a vacuum chamber filled with argon.

The main process parameters of the high-speed
flame spraying are the following: propane flow is
60-85 1/min, oxygen flow is 120-160 1/min, flow
of powder in the carrier gas (argon), the distance
and angle of the deposition, the feed speed of the
torch, and the speed of rotation of the coated
strip (Fig. 2). They define the characteristics of
the coating such as its strength of adhesion to the
substrate, its cohesive strength, the level of resid-
ual stress, porosity, structure, and thickness of the
deposited layer.

3 FEATURES OF STRUCTURE
FORMATION OF THE SURFACE-
MODIFIED LAYERS OF SHAPE
MEMORY TiNiZr

Macro- and micro-analysis of surface layers of
the alloy of TiNiZr obtained by the established
technology showed that the coating is a suffi-
ciently dense structure. The interface between the
coating and the substrate is without any visible
defects (Fig. 3a). With the passage of the pow-
der particles through the flame jet, they heat up
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Figure 2. Effect of combustible gases on the strength of
adhesion of coating with the shape memory effect.

and strike the substrate in the form of solidified
deformed discs with a diameter of 20-35 pm and
a thickness of 5-20 pm. The grain size of the coat-
ing obtained by the flame spraying in the highly
protective medium (argon) is from 80 to 100 nm
(Fig. 3b and 3c).

The microhardness of the TiNiZr layer varies:
Hp = 9.5-12.7 GPa. Such increase of the micro-
hardness is due to the high velocity of collision
between particles and the substrate; the high speed
of the cooling and the rapid quenching of the
alloy, a high strength metastable nanostructure is
formed.

The X-Ray Diffraction (XRD) analysis results
showed that at room temperature the initial
phase state of layer (Tiy;Ni,Zr,) after high-
speed flame spraying of mechanically activated
powder in a protective atmosphere (argon) is a
B19’ martensitic phase, with a monoclinic lattice,
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Figure 3. Microstructure of Ti,;;Ni,Zr  coatings obtained with high-speed flame spraying: (a) x1000; (b) x100,000;
(c) X200,000; (d) the quantitative distribution of the grain size and the percentage of the TiNiZr coating.
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Figure 4. X-ray analysis of the alloy Ti,;,Ni,Zr,,, after
high-speed flame spraying with a local protection in
argon.

austenitic phase with a B2 cubic lattice, and an
intermetallic phase Ni;Ti, Ti,Ni, NiZr, and NiZr,
with a cubic and hexagonal lattice, and there is
a small amount of Titanium Oxide (TiO) of less
than 2%.

When the Zr content is increased from 0% to
20% in the surface-modified layer with the shape
memory effect, there is an increase in the TiNiZr

martensitic transformation temperature, which
provides a high-temperature shape memory effect.
On the basis of the analysis of experimental data
with Statistica Program 10, the temperature A of
the start of austenitic transformation in the sur-
face-modified layer TiNiZr is described by the fol-
lowing equation:

A, =189.9842 —29.085 - C + 1.7836 - M,
—-0.2914 - C2+0.1116 - C - M,
-0.0037 - M? (D

where C is the percentage of Zr in the TiNiZr
alloy, and M is the temperature of the martensitic
transformation.

The test of the wear of surface layers
Ti;;NiwZr,; was conducted under dry friction of
the coated sample on the rotating hard disk on a
2070 CMT-1 test machine with a disk rotational
speed of v = 0.5-2 m/s and with a pressure of
P = 2-12 MPa, temperature registration nip. The
evaluation of the wear rate was made on the basis
of the experimental data using the application
package Statistics v6.0 in SPSS (Fig. 6).
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Figure 5. The effect of the content of Zr, on tempera-
tures of martensitic transformations in surface-modified
layers of shape memory effect TiNiZr.
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Figure 6. The dependence of the rate of wear on the
pressure I drive F: drive sliding velocity 0.5 m/s™'; 1 m/s™%;
1.5 m/s3; 2 m/s™.

As a result of the tests, the wear resistance of
the 1045 steel surface-modified by alloys with the
shape memory effect Ti;;Ni,Zr,q is increased by
3.5-3.6 times.

4 CONCLUSIONS

The technology for the formation of the com-
pound “Steel—a material with shape memory” by
high-speed flame spraying of mechanically acti-
vated powder TiNiZr is worked out. The optimal
processing parameters to ensure the formation of
a nanostructured surface layer with a grain size of
80-100 nm with a Micro H, =9,5 + 12,7 GPa and
adhesive strength of 90-100 MPa are determined.

Experimental study of the effect of doping TiNi
with the third component Zr showed that with
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increasing content of 20-22% Zr, an increase in the
temperature of the beginning of the transforma-
tion of austenite takes place, which confirms the
preservation of the shape memory properties of
the surface-modified layer at high temperatures up
to 450°C.

The simulation allows to predict the possibility
of using surface modification of products by mate-
rial SME TiNiZr in certain temperature conditions
and to determine the appropriate coating composi-
tion that provides a positive effect.

Testing of steel 1045 with a surface-modified
layer TiNiZr in conditions of dry friction, in
which there is a significant increase in tempera-
ture, have confirmed the effect of increasing the
wear resistance 3-3.5 times, due to the manifesta-
tion of SME under the test conditions and con-
firmed by the results of the structural and phase
analysis.
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