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into being, and what are the rules? According to
the TongYilogic of "the TongYiLun Thought",
combined with the DNA composition mode that
has been found now, after determining that the
mechanism of increasing yang in DNA system is
that the increase of deoxyribose number causes
the transformation order of four bases, the
differentiation of deoxyribose, phosphoric acid
and bases constitutes 128 kinds of basic DNA,
thus forming the cycle table of DNA production.
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The DNA here is extended on the basis of the
existing concept, which refers to fragments
composed of bases, phosphoric acid and
deoxyribose.

So, what is the rules of DNA production? People
can get a lot of experimental data and results from
experiments, but this is obviously not enough.
People need to analyze the experimental results,
which is just like "analytical chemistry". People
need some logical, mathematical or other tools to
analyze, compare or synthesize it, so as to find out
the relationship between these experimental
results and get the rules of DNA production.

There is a paper that needs to be mentioned and
paid attention to, which is A Table That Produces
Elements published by Wu Jianxun in the
American magazine---Advances in Chemical
Engineering and Science in 2022 (https://www.
scirp.org/journal/paperinformation.aspx?paperid
=120438. This paper discusses the principle of
how elements generate 128 basic elements when
they are formed. In the introduction of this paper,

© 2023 Great Britain Journals Press

a series of basic theories of philosophy and
science are introduced in detail, so I won't go into
details here. The key to the success of this paper is
that it uses the "TongYi Logic" created by Wang
Xijjia and Wu Jianxun in the "TongYiLun Thought
[2] and Wu Jianxun in Object, Concept Science
and the Essence of Mathematics" [3] to analyze
the production of elements, thus obtaining the
rules of the production table of elements.
Similarly, we need to use "TongYi Logic" to
analyze the production of DNA here, so as to get
the cycle table of DNA production or DNA
production table.

| INTRODUCTION

As stated in the above-mentioned paper: "As
physics, chemistry and biology, human conceptual
science is also developing, that is to say,
mathematics, logic and psychology are also
developing. On the basis of experimental
methods, human beings should also seek more
progress in tool science. From Klein's Ancient and
Modern Mathematical Thoughts[4], we can see
that mathematics is developing. Logic, like
mathematics, is also developing. From Aristotle's
syllogism logic to the development of modern
logic and contemporary logic, the development of
logic is also fascinating. In logic, Hegel's Logic [5]
is unique, and Wittgenstein's Philosophy of Logic
[6] makes an in-depth analysis of logic. As for the
development history of logic, Niels' The
Development of Logic [7] depicts the
development course of logic, and China logician
Jin Yuelin's simple logic theory Logic [8] and Zhu
Zhikai's Logic and Method [9] also have unique
insights. "

"TongYi Logic" is a strict logical science system
based on the previous logic and demonstrated by
philosophy and science, and it is not a subjective
conclusion.
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Il.  QUOTATION OF THE TWELVE SYSTEM
LOGIC [10] RULES OF "TONGYI LOGIC"
SYSTEM

It is the establishment of unified logic that leads
to a new idea of DNA production in biology. That
is, DNA has a rules of origin, which is the DNA
production table or the DNA production cycle
table.

In TongYi's logic, there are twelve system logics
that reveal the laws of the generation of things. As

long as the conditions comply with the Yin Yang
law, BianZheng positive law, and TongYiTi law,
they can generate twelve systems. And the DNA
system precisely meets this logical condition, so it
is a complete generation system of twelve systems.

Twelve System Logic tables are expressed as
follows, in which the name of the product in the
table is the totlename of its properties:

Table 1: Twelve-System Logic Table

Upper Hexagra

Lowest Hexagra
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153 BH 5 BEAFS 32 ) B

gl L, B 2Rk HiORREL B A
gl i, 52, K, Kt N O i

A s RR SERUAE N N

KA Jii, KA K 4 LA I N I
/NS N AR J&, #%. 3t OF

W 2H e N S &, mR R, BESE

e B R R LN N SN
Kt =, K, 58, it FN B FE T

According to the ShiErXiTong logic, the above
table follows the "ShiErXiTongHouBianZheng
logic" and the "ShiErXiTongHouBianZheng
TongYi logic ", i.e. Based on (Gan 1+ Gan 2+ Li 1

dialectical Li 2+ Zhen 1 dialectical zhen 2), driven
by (Dui 1+ Dui 2+ Gen 1+ Gen 2), and (Kun 1+
Kun 2+ Kan 1 dialectical Kan 2+ Xun 1 Dialectical
Xun 2) for leading. The three BianZheng are
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unified in the "unity" of the total system
composed of twelve systems. At the same time,
these twelve systems follow the "ShiErXiTong-
HouSiXiang logic" and "ShiErXiTongHouWu-
Xiang logic" etc.

. THE CALCULATION PROCESS OF DNA
GENERATION PERIODIC TABLE

The analysis process is as follows:

First, the two major contradictions between yin
and yang in the production of DNA. yin and yang
are the state properties of things, with yin
representing passive properties and yang
representing active properties. The contradiction
between yin and yang is the contradiction
between deoxyribose and phosphoric acid, which
is the chemical bond connection mode, and the
contradiction = between  deoxyribose  and
base,which is the chemical bond connection
mode. Phosphoric acid is a basic substance, and
deoxyribose is a driving factor of the two
contradictions. Phosphoric acid and base are
connected by chemical bonds, which is also the
"yang" factor. That is to say, the chemical bond
between deoxyribose and phosphoric acid is yang,
while the chemical bond between deoxyribose and
base is yin. Thus, these two contradictions are
opposite to each other.

Correspondingly, when the yang contradiction
drives the DNA basic BianZZheng, it generates the
basic form of the yang system, while the yin
contradiction generates the basic form of the yin
system.

The interaction of these two contradictions will
form the basic image of DNA, which constitutes
the state mechanism of the positive movement of
deoxyribose, which is the four images. The unity
of these two contradictions is DNA properties,
which is expressed through the sequence of DNA.
It realizes the change of image state by the way of
deoxyribose rotating four bases, and the
performance of this image state is the
arrangement order of A, T, C and G. That is to say,
these four bases are the four images of DNA.

Second, what is the composition mechanism of
the basic form of DNA?

As we known, the mechanism of increasing the
yang of atoms in the atomic system is that during
the process of increasing protons, electrons
construct the properties of an atom through the
operation of outer orbits. Similarly, the 128 basic
forms of DNA construct a basic DNA properties
through the DNA sequence of base operation.

Here, the three elements of DNA form a certain
base sequence by forming three nucleotides to
complete the production of 128 basic forms of
DNA. This can be verified by the correspondence
between DNA and protein, that is, the codon of
protein is composed of three bases. This is only a
function of the basic form. In fact, the same codon
may have other functions, which is also proved by
experiments.

This mechanism is the differentiation between
deoxyribose, phosphate, and base with the
increase of deoxyribose, and its effect is unified in
the newly formed DNA sequence, which is a form
of "unity". Therefore, this order is not a single
element of deoxyribose at work, but a unified
result of BianZheng. Instead, phosphate, base,
and deoxyribose correspond to four elephantine
state changes, and form a three element form with
each other, that is, each element has four
elephantine state changes, thus BianZheng forms
a certain three element form. In this way, the
combination of the three elements and the four
phenomena forms exactly the 64 forms, driven by
the changes in the yin and yang states, and forms
the 64 forms corresponding to the inside and
outside, thus forming the twelve systems and
forming the 128 forms.

Specifically, phosphate, base, and deoxyribose
form nucleotides, and the four dimensional
changes of the four bases of nucleotides are
reflected in the three elements, with changes in
yin and yang, resulting in the formation of a
twelve DNA system, which forms one hundred
and twenty-eight basic DNA forms. This
nucleotide mechanism is the morphological
mechanism of the three elements, which means
that during the formation of morphology, it can
only be the BianZhang morphological mechanism
of three nucleotides linked between the three
elements. Therefore, the triad mechanism is
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necessary and cannot be two nucleotides or three
nucleotides. In layman's terms, it is a hexagram in
the form of six trigrams, with each adjacent two
trigrams forming one image. Such a hexagram can
only consist of three such BianZhang forms.
Therefore, the +triad mechanism is the
morphogenetic mechanism of DNA.

There are two mechanisms for the formation of
such DNA, namely, two basic contradictory
chemical bonds, and two sixty-four basic
morphological systems of yin and yang.

These two systems are in the functional structure
of DNA. If it is a basic morphological system, it is
a double-stranded structure with opposite yin and
yang. For the DNA structure of life, it is a double
helix structure of yin and yang.

The sequence of DNA also shows the yin and yang
of this double helix and double strand. One
direction in a DNA molecule is 5'—3', and the
other direction is 3'—5'. Moreover, DNA
polymerase in organisms can only catalyze DNA
synthesis from the direction of 5'—3'".

The two strands of DNA are divided into yin and
yang under the unified properties, and the
positive properties is established on the basis of
negative. That is to say, the basic form of DNA on
the positive chain is defined in the order of its
corresponding increase in yang value. The same
codon in the two chains actually represents
different properties of yin and yang, and they are
completely different basic forms of DNA in the
unity property of DNA, just like the property
differentiation of atomic system. If it must be
expressed by codon, it should be the basic form of
positive DNA followed by the negative triplet code
and the corresponding positive triplet code.

Compared with the atomic properties formed by
the mechanism that the electrons in the atomic
system run along a certain orbit and suborbital,
the "electrons" or "bases" of DNA living bodies are
established by using the arrangement order of
four bases at three positions where three
deoxyriboses are formed. This is the secret of how
DNA works.

So it shows that any form of DNA is based on a
"triplet" as the basic unit. This "triplet" is a piece
of DNA composed of three adjacent nucleotides.

In other words, any DNA is based on "triplet".

Third, what is the unity property of the basic form
of DNA? It is the base sequence representing 128
basic genetic properties.

Forth, the functional structure of DNA. This does
not refer to the morphology of 128 basic genes,
but to the DNA of the functional structure of a
living body.

The DNA of any functional structure is a
"compound" of basic genes, and RNA is just a
product of DNA.

So, what is the structure of DNA? It includes at
least three aspects, namely, DNA unity, DNA
material form system, DNA movement form
system and DNA thought form system.

For a living body, DNA includes the psychological
state of all living individuals, and it is distributed
in the twelve systems of living body in the
functional differentiation of living body.
Therefore, all the properties of individual life are
reflected in the DNA system. The DNA system
here refers to the functional structure of DNA of
living individuals.

Because DNA contains all the psychological states
of a living individual, it forms the DNA of the
twelve major systems corresponding to the twelve
major systems of the living individual. Of course,
this still needs to be tested through experiments.
Here we can make a theoretical prediction that
DNA is a unified class set system with all
psychological class sets, ultimately associated with
the phenotypes generated by BianZZheng of living
individuals, thus forming the overall structure of
living individuals.

Then, the standard pattern of DNA can be
described by conceptual unification. It is
expressed by "the cycle table of concept
unification".

The fifth is the basic unit level of life based on
DNA. At this level, for some non-cellular life, it

A Table that Produces DNA
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may be DNA, or RNA's BianZZheng, together with
the individual's functional structure, to form a
living body. For cellular organisms, prokaryotes
directly form functional structures, while
eukaryotes undergo cell division, which can form
the BianZZheng of cells, thus forming the basic
unit of a living organism, forming the "type and
type" structure of their own cellular units.Sixth,
the image relationship of DNA.

The form of DNA is four bases. So, which one is
shaoyang, shaoyin, laoyang and laoyin?

Cipher has two startup codes, namely AUG and
GUG. Among these two startup codes, we
investigate the most common AUG startup code.
This promoter code refers to the codon of mRNA,
which is reflected in the code of "nonsense strand"
DNA as TAC. That is to say, in the process of DNA
deoxyribose and base connection, it is generated
in protein. Deoxyribose first shows the
combination with T, which reflects the foundation
of T's yang, that is to say, T is shaoyang, which is
the basis for the increase of yang, and then the
opposite base is A, shaoyin, and then C and G,
which are opposite to each other. Then, purine
and pyrimidine each have a yin and a yang, so C is
Taiyin and G is Taiyang.

Their order properties is their unity, so adenine,
guanine, unity order, thymine and cytosine
constitute the five-element relationship of wood,
fire, earth, gold and water.

Seventh, the sequencing of the basic forms of
DNA.

The basic form of DNA is a "triplet" sequence, so
how is this sequence sorted? If we sort by yang?
This can be derived from the following DNA cycle
table and is consistent with the existing "triplet"
properties.

The six lines in the DNA periodic table can be
replaced with corresponding A, T, C, and G to
obtain the triplet code. How to replace it? The
triad is actually the BianZheng of the three
noumenons, namely the BianZheng of material
form, motion form, and thinking form. In this
way, the upper two lines, the middle two lines,
and the lower two lines are respectively symbolic

states. According to the table below, simply
substitute it in.

The order is concerned, because the cycle table
has already discharged the order, which is known.

What I want to talk about here is the codon of
RNA, which is not 128 basic forms. It is a
derivative of the basic form of DNA and cannot
replace DNA itself. RNA is not qualified to be the
basic form of DNA.

KB DI Abg DIg
e | LN LB ]
[ E— L _N ] L_ | I
G T thymine C A adenine
guanine cytosine

The question is the order of DNA triplet the same
as that of hexagrams? This is based on the cycle
table of the universe. As can be seen from the start
code of codon, it corresponds to the first position
in the cycle table, that is, the beginning. In this
way, it is a hurdle. Then, after conversion, it is
found that if the triplet of DNA is based on the
upper, middle and lower levels, it is the lower
level in front, the upper level and the middle level
in the back, so the order of yang of codons should
be changed to be consistent with that of
hexagrams.

The positions of the last two bases of the triplet
can be reversed, so that the order of increasing the
yang of the hexagrams is "three hexagrams" (this
means that the triplet is regarded as three
hexagrams, that is, two adjacent hexagrams form
an image, and an image as a whole is regarded as
one hexagram.), the order of the first (lower),
middle and upper.

There is a question here, that is, is the rules of this
codon universal? Yes, we mentioned earlier that
the mechanism of DNA morphogenesis is the
triplet mechanism.

Eighth, the cycle table of DNA production
(abbreviated as DNA cycle table). In the "living
body" system, the most basic "shaped" table is the
"DNA cycle table".

As we known, DNA is driven by the contradiction
between deoxyribose, phosphoric acid and base,
that is, the contradiction between deoxyribose and
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phosphoric acid, and the contradiction between
deoxyribose and base, thus forming two internal
and external systems of DNA, that is, yin and
yang, thus forming two eight systems, and then
forming twelve dialectical systems of the two
systems.

We give the cycle table of DNA here

According to the unified naming method of the
cycle table of the Universe, namely "serial
number+hexagram name+basic form", we give
these 128 basic forms of genes a unified name:
"serial number+hexagram name+gene", for

example, 128 Kan, its name is "128 Kan gene",
and another example is 127 Shi, its name is "127
Shi gene". Among them, the names of hexagrams
are arranged in the order of upper hexagram,
middle hexagram and lower hexagram.

In the table, we use the "triple code". Although the
names of the 64 hexagrams are the same, their
properties are that the first 64 hexagrams are
yang and the last 64 hexagrams are Yin, and their
properties are different. The yin-yang mechanism
under the same name is completed by DNA unity
and appears as double-stranded yin-yang.

Table 2: Cycle Table of DNA Production

Upper Hexagram
Lowest Hexagram kan kun zhen Xun gian dui gen li
128 kan 127 shi 126 xie | 125 huan | 124 song | 123 kun Hij 121 weiji
Kan (A New System of | ACT CCT CIT GCT GTT ATT T CTg TTT
Upper and Lower 3 %o
Dialectics) 64 li 3 62 jiaren | 61feng L 59 bi 58 ge 57 jiji
TGA | "M | Gaa cGa | ™YL rAA AGA AAA
GGA CAA
120 bi 119 kun 118 yu 117 guan 116 pi 115 cui 114 bo 113 jin
"é ACC CCC CTC GCC GTC ATC TCC TTC
3 Kun 56 54 53
) davou 55 qian siaochu dazhuan 52 tai 51dachu | 50 guai 49 Xu
~ 4 GGG g CAG TAG AGG AAG
an TGG GAG
£ CGG
3} 112 | 108wuw . . 105
© shen 111 fu 110 zhen 109 yi ang 107 sui 106 yi shike
ED Zhen (A New System of ACA CCA CTA GCA GTA ATA TCA TTA
Upper and Lower
= . . . 46 xun .
‘-oa Dialectics) 48 ding 47you CAT 45heng | 44 sheng 43 gu daguo 42 | jing 41
= TGT GGT CGT CAT TAT AGT AAT
: d
8 jing 104 slll(e)ﬁ 102 heng | 101 xun 100 you ;g;o 98 gu 97 ding
= Xun (A New System of | AAT . ATg CGT CAT GGT AT TAT TGT
< Upper and Lower — —
g Dialectics) 40 shike 39 n 38 yi 37CT A 36 fu 35yl 34 sui 33 zhen
— TTA 5 GCA CCA TCA ATA ACA
GTA
94
: 93 . . 90 89
?fA)gl %51:21 daz}gman xiaochu 9églgn 9;2151 dachu dayou
Qian GG GAG TAG TGG
32jin 31pi 30 guan 29 yu 28 kun 27 bo 26 cui 25bi
TTC GTC GCC CTC ccc TCC ATC ACC
jie 88 87lin gu?r?lei zhosrfg fu 84lu 83dui 82 yang 81 kui
‘ ACG CCG CTG GCG GTG ATG TCG TTG
Dui
. 21 . . .
24 lu 23 dun 22 jian ia0210 20 gian 19 gen 18 xian 17 jian
TGC GGC GAC G Cg&} CAC TAC AGC AAC
. . 78 .. .
Gen 80 jian 79 qian xiaoguo 77 jian 76 dun 75 Xian 74 gen 73 lu
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10.

11.

. 14 13 . . ..

16 kui 15lu . 12 lin 11 yang Ten dui jie 09

zhongfu guimei
TTG GTG GCe CTG CCG TCG ATG ACG
72 jiji 7 70 feng | 69 jiaren 08 67 ge 66 bi 65 i
Li (A New System of mingyi tongren

Upper and Lower CAA ceA GAA GGA AGA TAA TeA
Dialectics) o8 weiji [ o7song | o6huan | o5 xie 04shi | o3meng | o2kun o1 kan

TTT GTT GCT CTT CCT TCT ATT ACT

REFERENCES

Advances in Chemical Engineering and
Science (2022), Scientific Research  Publi-
shing Inc. USA.

TongYiLun Thought, founded by Wang Xijia
and Wu Jianxun, China.

Wu Jianxun (2020), Object and conceptual
Science and The essence of Mathematics.
CHINA INTERNATIONAL PRESS, BEAVER-
TON, OREGON USA.

Klein, Ancient and Modern Mathematical
Thought, Shanghai Science and Technology
Press, 1981.

Hegel, Logic, Commercial Press, 1976.12.1
Wittgenstein, On  Logical  Philosophy,
Commercial Press, February, 1996.

Niel, Martha Niel, Development of Logic,
Commercial Press, November 1985

Jin Yuelin, Logic, China Renmin University
Press, April 2010.

Zhu Zhikai, Logic and Method, People's
Publishing House, 2003.

Wu Jianxun (2020), Object and conceptual
Science and The essence of Mathematics.
CHINA INTERNATIONAL PRESS, BEAVER-
TON, OREGON USA .

Wu Jianxun (2020), Object and conceptual
Science and The essence of Mathematics.
CHINA INTERNATIONAL PRESS, BEAVER-
TON, OREGON USA.

A Table that Produces DNA

© 2023 Great Britain Journals Press

Volume 23 | Issue 2| Compilation 1.0

London Journal of Engineering Research




London Journal of Engineering Research

This page is intentionally left blank

H Volume 23 | Issue 2| Compilation 1.0

A Table that Produces DNA

© 2023 Great Britain Journals Press



Scan to know paper details and
author's profile

Poly lonic Liquid Based Aqueous Two-Phase
Extraction Coupled with UV Spectrophotometry
for Separation/analysis of Allura Red in Food

Ahmed Bakheet

ABSTRACT

Poly ionic liquid was introduced as aqueous two-phase extraction (ATPE) sorbent accompanied with
UV spectrophotometry for Allura red (AR) separation in food samples.

Different parameters, like pH value, adsorption temperature and time, were studied. the
preconcentration factor for AR was 27. The linear range, detection limit (DL), correlation coefficient
(R) and relative standard deviation (RSD) were found to be 0.10-9.00 pug/mL, 5.2 pug/L, 0.9987 and
3.10% (n=3, c=4.00 ug/mkL).

This method was successfully applied for separation/analysis of allura red pigment in food samples
with satisfactory results.

Keywords: allura red; poly acid ionic liquid; aqueous two-phase extraction (atpe); uv
spectrophotometry.

Classification: DDC Code: 541.33 LCC Code: QD547

Language: English

. . LJP Copyright ID: 392922
Great Britain Print ISSN: 2631-8474

S ]Ournals PreSS Online ISSN: 2631-8482

London Journal of Engineering Research

© 2023. Ahmed Bakheet. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncom-mercial 4.0 Unported License http://creativecommons.org/licenses/by-nc/4.0/), permitting all noncommercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Volume 23 | Issue 2 | Compilation 1.0



Poly lonic Liquid Based Aqueous Two-Phase
Extraction Coupled with UV Spectrophotometry
for Separation/analysis of Allura Red in Food

Ahmed Bakheet

ABSTRACT

Poly ionic liquid was introduced as aqueous
two-phase extraction (ATPE) sorbent
accompanied with UV spectrophotometry for
Allura red (AR) separation in food samples.

Different parameters, like pH value, adsorption
temperature and time , were studied. the
preconcentration factor for AR was 27. The
linear range, detection limit (DL), correlation
coefficient (R) and relative standard deviation
(RSD) were found to be 0.10-9.00 ug/mlL, 5.2
ug/L, 0.9987 and 3.10% (n=3, c=4.00 ug/mL).

This method was successfully applied for
separation/analysis of allura red pigment in
food samples with satisfactory results.

Keywords: allura red; poly acid ionic liquid;

aqueous two-phase extraction (atpe); uv
spectrophotometry.
. INTRODUCTION

Synthetic colorants are common food additives
used in food industry, due to their stable nature,
bright colors and low price. Allura red (Fig.1) is
one of the eleven synthetic colorants which are
allowed to be used within a certain limit in food,
such as ice cream, candies, pastries, beverages,
jelly and hams [1]. The maximum usage of AR in
candies and beverages are 0.3 g/kg and o.1g/kg,
respectively; which are strictly regulated by the
hygienic standards for food additives of China.

Excessive use of safety AR as food additives has
been questioned, because AR is potentially toxic
and carcinogenic, especially harmful to the
intellectual development of children[2].

© 2023 Great Britain Journals Press

'The AR detection methods included high
performance liquid chromatography as a
separation method [3], UV-vis spectropho-
tometry[4], differential pulse polarography[s],
voltammetry and Fluorescence spectropho-
tometry. Fluorescence spectrophotometry as
detection method has many advantages of
lower-cost analysis, easier operation and better
accuracy. Therefore, this method was applied for
separation of AR in food samples.

HO
\o O
N
X
- O

Fig. 1: Chemical Structure of Allura Red

NaO3S SO3Na

Ionic liquid, also known as low-temperature
molten salt, is composed of all ions at room
temperature material. Ionic liquids have the
advantages of low vapor pressure, good thermal
stability, nonflammable and miscible with a
variety of solvents. By changing the ionic liquid
anion-cation combination or the introduction of
functional groups, we can get a large number of
functional ionic liquids that can meet the
analytical needs and have adjustable performance.
Common ionic liquid functionalization methods
include 1) improved ionic liquid lipophilicity and
surface activity by introduction of long alkyl
chains; 2) improved ionic liquid polarity
enhancement by incorporation of polar

substituents; 3) Hydrogen bond acceptors make
ionic liquids and hydrogen bonds stronger; 4)

using biomolecules as ionic liquid raw materials

Volume 23 | Issue 2| Compilation 1.0 n

London Journal of Engineering Research




London Journal of Engineering Research

to reduce the toxicity of ionic liquid environment.
Ohno's research team successfully prepared a
series of amino acid functionalized hydrophilic
ionic liquids through ion exchange-neutralization
reaction.

Polymerized ionic liquids, poly(ionic liquid)s or
polymeric ionic liquids, all abbreviated as PIL is
the polymeric form of ionic liquids[6]. They have
half of the ionicity of ionic liquids since one ion is
fixed as the polymer moiety to form a polymeric
chain. PILs have a similar range of applications,
comparable with those of ionic liquids but the
polymer architecture provides a better chance for
controlling the ionic conductivity. They have
extended the applications of ionic liquids for
designing smart materials or solid electrolytes.

Poly ionic liquid was used in food analysis/
separation and enrichment technology used to
eliminate the matrix interference and to improve
the sensitivity. Common extraction techniques
include solid phase extraction and liquid phase
extraction. Solid phase extraction was used to
load the adsorbent of special materials, and for
adsorption and elution of the two processes, the
analysis taking a long time, compared with liquid
phase extraction , solid phase extraction
technology is easier and faster. Liquid phase
extraction  mainly includes liquid-liquid
extraction, single-drop extraction, hollow fiber
extraction, dispersion liquid microextraction and
aqueous two-phase extraction (ATPE). ATPE is a
two-phase system using a two-phase system in a
certain concentration, pH, temperature
conditions formed by the two-phase extraction
and separation technology, compared with the
traditional organic solvent extraction, the
two-phase system has the advantages of good
performance in the biological Compatibility, small
interfacial tension, mild operating conditions,
adjustable extraction performance and no volatile
organic solvent residues, known as green
separation technology. The formation of a dual
aqueous system [7] includes alcohol-salts,
polymers, polymers-polymers, surfactants-salts
and the like. Rogers research group [8] for the
first time using hydrophilic ionic liquids and
K,PO, to form a double aqueous phase. The strong

polarity of ionic liquids and ionic liquids larger
specific surface area, so that the ionic liquid-based
aqueous two-phase extraction is widely used in
analytical chemistry [9].

. EXPERIMENTAL SECTION
21 Reagents

All chemicals and reagents were at least of
analytical reagent grade, unless otherwise stated.
Allura red standards were obtained from the
Sigma-Aldrich (Shanghai, China). A standard
stock solution was prepared by dissolving 10.0 mg
of each standard in 100 mL of ethanol and stored
in dark at 4°C. N-methylimidazole (Darui Fine
Chemicals, Shanghai, China), 4-chloromethy-
styrene and 2, 2-Azobis-2 methylpropionitrile
(AIBN) were bought from Chemical Reagent Co.,
Ltd (China). K,PO,, N, N-dimethylformamide
(DMF), methanol, ethylether, ethyl acetate
(Sinopharm  Chemical Reagent Co., Ltd.,
Shanghai, China)

2.2 Equipment

FTIR spectra were measured with a Bruker
Tensor 27 spectrometer (Bruker Company,
Germany). Samples were pressed into KBr pellets
and recorded at the frequencies from 500 to 4500
cm™ with resolution of 4 cm™. Centrifuge (Anke
Scientific Instrument Factory Shanghai,China),
timing multifunctional oscillator (Guohua Co.,
Ltd., China), digital constant temperature
water-bath (Guohua Co., Ltd., China).UV-2550
spectrophotometer  (Shimadzu  Corporation,
Japan) was used.

2.3 Preparation of Aqueous Two-Phase
Extraction (ATPE) Poly lonic Liquid (PILs)

2.3.1 Preparation of IL Monomer:

1-methylimidazolium IL monomer was prepared
through the reaction of 6.56 g of 1-vinylimidazole
and 12.21g of 4-chloromethystyrene in 30 mL of
methanol at 60°C for 24 h under vigorous stirring,
the product was dried in the vacuum at 50°C to
remove methanol then the product was washed by
ethylether (4-5) times and with distilled water 3
times the product was yellow viscous ionic liquid.

Poly Ionic Liquid Based Aqueous Two-Phase Extractlon C}g
Allura Re
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232 Preparation of Aqueous Two-Phase
Extraction (ATPE) Poly lonic Liquid

0.095g of 2, 2-Azobis-2methylpropionitrile
(AIBN) and 15 ml of N, N-dimethylformamide
(DMF) were added to the product at 60°C for 24
h.Before the reaction N, was inflated to the
solution for (20min). The product was poured
slowly into a little amount of ethyl acetate then
the product was dried in the vacuum for 24 h at

45C.

2.3.3 Phase Diagram Determination

Amino acid ionic liquids and K,PO, dual aqueous
phase using the cloud point method [8]
determination, the specific measurement steps

are: (1) accurately weighed 0.5000g pure ionic
liquid placed in a test tube, the test tube into a
water bath, low temperature (2) adding a little
water to dissolve the ionic liquid in the test tube
and stirring to make the solution clear and
transparent; (3) adding saturated K,PO, aqueous
solution into the solution until the system just
appears When turbidity, record the volume of the
inorganic salt solution added; (4) continue to add
water dropwise to clarify the cloudy system, and
then add saturated K3PO4 aqueous solution to
just appear cloudy, record the volume of inorganic
salt solution used: Repeatedly and repeatedly
calculated the turbidity system ionic liquid and
salt mass percentage(Fig.2.), you can get a more
complete double junction line.
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Fig.2: Phase Diagrams of PIL -K,PO, in ATPE. (n= 2(line1), 4(line 2), 6(line 3) and 8(line 4)

234 Response Surface Optimization Design

PIL and K,PO, aqueous two-phase system
extraction rate of metal ions include: the ionic
liquid anion and cation species, inorganic salt
type, the type and amount of auxiliary complexing
agent, pH and temperature, the experimental A
three-factor three-level response surface model
was established by Box-Behnken method

according to the amount of EDTA, pH and
temperature. The average of three measurements
was fitted by the following second-order linear
equation [10]

k k-1 k
v =8, +ZBX+ZBX+21218UX”
i=1j>
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2.4 Procedure for Extraction

A 40.0 mL of the working solution or aqueous
sample and 0.05 g of PIL, 0.05 g of K,PO,
(pH=7.0) and 0.05 mL of allura red standard or
sample solution were added and transferred into a
centrifuge tube and subsequently shaken for 15
min at room temperature. Then, the AR was
analyzed using UV-2550-vis spectrophotometer at
246 nm.

2.5 Sample Preparation

1.000 g of Candy was weighed in a small beaker
after grinding into powder. The powder was
dissolved in 30 mL distilled water at 60 C
ultrasonically extracted for 30 min and then
filtered and was poured into 250.0 mL flask then
dissolved with distilled water.

5.000 g beverage(fruit juice) was transferred into
a 100.0 mL volumetric flask and dissolved in
deionized water. The sample solution was put in
the darkness at 4°C.

3.1

The FTIR spectra of PIL (Fig. 3) was significantly
reduced due to the characteristic absorption of
imidazole groups, the transmittance at wave
numbers 591 and 733 cm™ was due to P-F
stretching vibration in the PILs, which showed
that PILs were well immobilized on the surface of
ATPE systems .

RESULTS AND DISCUSSION
Characterization of PIL by FTIR

=
X
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096
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Fig. 3: FT-IR spectra of PIL

3.2 ATPE System Phase Diagram

Double junction of ATPE can provide the
minimum concentration of ionic liquid and
inorganic salt and the volume ratio of upper and
lower phases required to form a dual aqueous
phase. The double junction line near the
coordinate axis has good phase-forming ability
and can produce better Separation effect and

enrichment multiple [11]. According to the
reported literature, P,O,- has a large free energy
of hydration and possesses a good capability of
phase formation [12]

3.3 Effect of PH value

PH is one of the important parameters for
extraction of AR onto PIL. There were aromatic

Poly Ionic Liquid Based Aqueous Two-Phase Fxtractlon Clg
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and azo in the structure of AR, so, its adsorption
on PIL occurs mainly by m—n hydrophobic
dispersion interaction and weak dipolar force
mechanisms. The pH range of the procedure was
investigated and optimized between pH 8.0 and
12.0. As shown in (Fig. 4), the extraction
efficiency of AR was varied with the pH value. It

could be concluded that the extraction efficiency
of AR on PIL was increasing to 0.7 when the pH

values were 8.0-9.0, then it was approximately
constant pH value at 8.0, it is highly possible that
AR have been completely ionized(AR") at these pH
values and this because of negative charge of the
pigment and repulsive force[13], the extraction
efficiency decreased to above 0.6 % between the
pH valuei1.o and 12.0 and this due to the
decrease of hydrogen bonding interaction [14].

1.0
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.2 ./ \
| _—
= 061 =
g
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3

0.2

0'0 T T T T T T T T T T

8 9 10 11 12 13
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Fig. 4:  Effect of pH on Extraction Efficiency

34 Effect of K;PO, salt Amount

Fixed Allura red amount of 0.5 mL, PIL from 0.5g
K,PO, salt was added 0.5-3.0g Results showed
that the extraction rate of PIL on allura red was

the highest at 0.5g of K,PO, salt(88%), then it
decreased to(80%) , then remained unchanged
(Fig.5). So 0.5g of K,PO, salt was used.
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Fig. 5. Effect of Salt Amount on Extraction Efficiency
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35 Adsorption Temperature efficiency of AR was increasing from 5C to
15°C and then it decreased and increasing from 20

The  extraction efficienc of AR on
X ' reeney ‘C to 60°C. The experiment was done at 25 C.

Fe,0,@Si0,@PIL MNPs at various temperatures
(5-60°C) were investigated (Fig.6). The extraction
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Fig. 6: Effect of Temperature on Extraction Efficiency

3.6 Capacity of Adsorption

The capacity of adsorption is known as the highest
volume of allura red adsorbed per gram of PIL
MNPs. The adsorption capacity of AR on PIL
MNPs was studied (Figure. 7).

When the concentration of AR was 70.ougmL?,
the adsorption of Allura red reached the
maximum. The adsorption capacity for PIL is
calculated as 10.45 mg g™.
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Figure 7:  Adsorption capacity

3.7 Interference Effects

The effect of interferents which food samples may
contain on separation of Allura red in the
availability of interferents was investigated. the
tolerance limit for different interferents was as
follow, for interferents Zn**, Ca**, Mg>*, the
tolerance ratio was 102. for interferent Cu?**,
tebuconazole ratio was 53, for 2-nitrophenol ratio
was 35 and it was 15 for Fe®, NO,,
SO,*,Carbendazim, 4-Nitrophenol, phenol. The
results showed that most of the foreign substances
had no interference with Allura red.

3.8 Analytical Performance

Under optimum conditions described above,the
preconcentration factor for AR was 27. The linear
range, detection limit (DL), correlation coefficient
(R) and relative standard deviation (RSD) were
found to be 0.10-9.00 pg/mL, 5.2 pg/L, 0.9987
and 3.10% (n=3, c=4.00 pug/mL).

3.9 Analysis of Sample

This method was introduced to determine the
amount of AR in certain brands of some candies

and beverages. To further verify for the viability of
the method, recovery experiments were carried
out, and the AR could be detected in these certain
brands of candy and beverage. The obtained
values of AR in candies and beverages were
measured up to the national standard.To further
verify the viability of the method, recovery
experiments were carried out (Table 1). The values
obtained for unspiked and spiked samples were
satisfactory[15].
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Table 1: The Recoveries of Allura Red in Candy Samples and Beverages (N=3)

Samples Added (ug mL?) Found (ug mL™) Recovery (%)
0.00 ND —
0.50 0.49 98.0
Candy 2.00 2.01 100.5
4.00 4.13 103.2
0.00 0.74 —
Beverages 0.50 1.25 102.0
2.00 2.88 107.0

3.10 Comparison with other Methods

The separation/analysis of AR in real samples was
compared with some reported methods, such as
solid phase extraction coupled with high
performance liquid chromatography, Cloud-point

microextraction coupled with high performance
liquid chromatography method were listed in
Table 2. Compared with other reported methods,
the method adopted in the present work is
obviously had good linear range and lower limit of
detection and standard deviation using new

extraction spectrometry, Multi-wall carbon )

. . ., detector . Moreover, the extraction procedure was
nanotube filmbased electrochemical sensor, solid 1 dch than that of SPE
phase extraction coupled  with py- Stmpierandcheaperthan that o ’
spectrophotometry and solid phase

Table 2: Comparison With the Results in Other Literature

Method Detector LR ug/ml }I;‘?/II)J REIEA) Ref
O
SPME-HPLC HPLC 0.05-10.0 9.3 7.8 [15]
Cloud-point extraction
spectrometry Uuv 0.02-1.40 7.8 3.9 [16]
MWCNT film-based Electrochemical 0.50-6.00 0z 0 NR [17]
electrochemical sensor Workstation 500 5> 7
SPE-UV uv 1.0-6.0 2.4 7.0 [18]
SPE-HPLC HPLC 0.50-20.0 32.2 6.0 [19]
This
UV -Spectrophotometry uv 0.10-9.00 5.2 3.10 method
NR: Not Reported
3.11 Discussion of Mechanism Ce Ce 1
L — +
The adsorption mechanism could be discussed de Qmax  dmaxb @

through extraction isotherms model.

So as to describe extraction capacities for AR by

Freundlich model equation is named as Eq. (2):

using Fe,0,@Si0,@PIL nanoparticles, the widely (2) Freundlich :

used extraction isotherms, Langmuir and

Freundlich ones, were introduced. The Langmuir 1

adsorption equations are named as Eq (1). Ing e = E]]]C e +1nKE (2)

(1) Langmuir :
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where (., was the maximum extraction at
monolayer coverage (mg g"), q. is the AR
concentration on the Fe,0,@SiO,@PIL at
equilibrium(mgg™), C. was the concentration of
AR in sample at equilibrium(mgL™), b is the
Langmuir extraction equilibrium constant
(Lmg"*), Ky and 1/n are the Freundlich
characteristic constants, proving the capacity of
adsorption and the extraction intensity,
respectively. The values of b and g, were
calculated by the linear plot of Ce/q. versus Ce
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and the values of K and 1/n can be obtained from
the intercept and slope of the linear plot of In q,
versus In Ce, respectively. The results showed that
the linear correlation coefficient for the Langmuir
model 0.995 was more than that for the
Freundlich one 0.989 (Fig.8). This proved that the
Langmuir model fitted the extraction data was
better than the Freundlich one. The q,,. for
extraction of AR by the magnetic nanoparticles
obtained by the Langmuir isotherm model was
105.80 mgg™.
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Fig. 8: Adsorption of AR by Langmuir (A) and Freundlich(B) Isotherms Models

V. CONCLUSION

In this work, PIL was synthesized as aqueous two
phase extraction sorbent coupled with UV
spectrophotometry to separate/determine AR in
food samples. The magnetic separation greatly
improved the separation rate and reduced the
analysis time. In conclusion, PIL aqueous two
phase extraction could be considered as a
promising alternatives for the extraction of AR.
This introduced method for the separation of
allura red from real samples was proved to be
satisfactory.
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Electroencephalography in Determining Mood in
Animals
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ABSTRACT

Electroencephalography is one of the most common methods used in the interpretation of neurological
activities in the brain of humans and various model animals. With the electroencephalography method,
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ABSTRACT

Electroencephalography is one of the most
common methods used in the interpretation of
neurological activities in the brain of humans
and various model animals. With the
electroencephalography method, it is possible to
obtain information about the various changes
that occur in the model creature, its relationship
between species, and its emotional state. It is
observed that various behaviors are exhibited in
model animals due to some factors such as mood,
sleep disorder, epilepsy, depression, pain, drug
use, addiction, genetics, and environmental.

When these behaviors are examined in the
studies; neurodevelopmental disorders, mood
disorders, olfactory disorders, visual attention
dysfunction, sleep disorders, brain dysfunction,
learning  disorder, various  adjustment,
autistic-like  behavioral disorders, autism,
attention deficit, hyperactivity, anxiety, aging,
traumatic brain injury, repetitive grooming It
has been observed to cause various behaviors
such as social deficits, decreased activity,
anxiety, fear conditioning, calmness, staring,
anxiety, fear, learning disability, intermodal
recognition memory, and depression.

The results of the studies show that these
behaviors are closely similar to
electroencephalographic humans and various
model animals. This study, it is aimed to give
information about the state of hearing between
humans and various model animals with the
method of electroencephalography.

Keywords: model animal, behavior, neuroscience,
mood, electroencephalography.
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. INTRODUCTION

From the moment of their existence, animals
exhibit innate and acquired behaviors. Innate
behavior; is an instinctive stereotyped movement
pattern or reflex-type behavior that occurs due to
a stimulus without the need for experience
(Aydemir and Bilge 2022). For example, the
female animal suckling her young after
pregnancy. Apart from this, it is observed that
animals exhibit behaviors such as the defense of
the area, competition  behaviors, and
communication in social groups.

It is observed that they exhibit various behaviors
for temporary periods that occur under the
influence of illness, pain, and medication. But; as
a result of factors such as anxiety and stress, they
exhibit abnormal behaviors such as phobia
(Aydemir and Bilge 2022). Such behaviors are
passed down through generations through genes
specific to the species.

In many behaviors, it can be acquired later with
environmental adaptations (Aydemir and Bilge
2022). Apart from the normal behavior typical of
all animals species; aggression behaviors in line
with environmental effects such as fear, different
light wavelengths, different sound frequencies,
heat, stress (status-related attack, intermale
attack), predatory attack, idiopathic anger attack
(idiopathic rage), fear-based attack
(fear-induced), territorial and instinctive attack
(maternal), environmentally damaging behaviors,
coprophagia, social behavior and agonistic
behaviors, urination or defecation outside the
designated place, urine marking, wool (cloth)
sucking, abnormal behaviors such as aggression
are exhibited (Sambraus 1998; Blackshaw 1991;
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Aydemir and Bilge 2022). For example; in
animals, abnormal behaviors are exhibited due to
many physiological changes such as an increase in
corticosterone levels, and immune, metabolic, and
sleep disorders (Wang et al. 2017; Dolensek et al.
2020).

All these behaviors exhibited are a psychological
indicator of the emotional state of the animal
(Bilge and Aydemir 2022; Aydemir and Bilge
2022; Aydemir et al. 2021). These psychological
indicators are very similar to humans. For
example; Behaviors such as depression, social
avoidance, anhedonia, passive coping, and
learned helplessness observed in humans are
similar to the behaviors exhibited in animals (Tye
2018; Muir et al. 2018). Moreover; is observed
that many model animals such as mice and
monkeys exhibit similar behaviors in many
diseases such as depression, chronic stress, sleep
disorders, and epileptic seizures observed in
humans (Brittlebank et al. 1993; Grandjean et al.

2016; Gadad et al. 2013) and Crawley 2012;
According to Jaramillo et al. 2016; Dhamne et al.
2017; Citraro et al. 2019; Roebuk et al. 2020;
According to Cai et al. 2020; According to Gandal
et al. 2010; Dringenberg 2000). This gives
information about the behavior between humans
and animals. Various behavioral tests,
biomarkers, and Electroencephalograms are used
to measure this information (Roach et al.
Mathalon, 2008; Koenig et al., 2005).

Electroencephalograms (EEG) are a non-invasive
technique that allows the measurement of
electrical brain activity in a human or model
animal. It can also record brain signals thanks to
its high temporal resolution (Ward 2003; Lopes
and MEG 2013). These recorded signals are a
good source for obtaining information about the
neurological status of the model creature (Saminu
et al., 2021).

ll. ELECTROENCEPHALOGRAPHY (EEG) IN
MODEL ANIMALS

Electroencephalography in model animals is a
method used to functionally examine the electrical
signals produced as a result of neurological

activities in the brain (Ward 2013-2015; Bear et
al. 2016; Lopes and MEG 2013). Thanks to this
method, information is obtained about normal
and abnormal functioning in the brain.

Electroencephalography reflects the total slow
dendritic potentials of many cortical pyramidal
neurons. EEG rhythms in different frequency
bands arise from dynamic interactions between
populations of neurons and are associated with
several different cognitive processes. With this
association, EEG recordings show abnormalities
in brain functioning (Ward 2013-2015; Bear et al.
2016; Lopes and MEG 2013).

It has also been used in the diagnostic criteria of
various  psychiatric ~ disorders such as
schizophrenia, bipolar disorder, sleep disorder,
attention-deficit/hyperactivity disorder (ADHD),
and Alzheimer's disease, especially in recent years
(Roach et al. Mathalon, 2008; Yordanova et al.,
2001; Koenig et al., 2005). It is known that the
Prefrontal, Orbitofrontal, and Insular Cortices
mPFC and its inputs/outputs are involved in
behaviors related to anxiety and mood in
psychological and psychiatric diseases such as
these (Kheirbek et al. 2012; Kheirbek and Hen
2014). Polysomnography, which is used in the
diagnosis of sleep disorder, provides information
about brain electrical activity (EEG), sleep stages,
sleep quality, muscle activity (EMG), respiratory
rate, eye movements (EOG), heart rhythm (ECG)
and physiological states of activities in sleep
stages (Boulos). et al. 2019; Weber and Dan, 2016;
O'Donnell et al. 2018). Recording the electrical
activity of the brain with electrodes placed on the
scalp is called Electroencephalography (EEG).

They observed that repetitive grooming, social
deficits, decreased activity, anxiety, learning
problems, reduced fear conditioning, olfactory
disorders, hyperactivity, and various autistic-like
behavioral disorders occur in the model animal
(Jaramillo et al. 2016; Dhamne et al. 2017;
Balzamo). et al. 1998; Gadad et al. 2013; Crawley
2012; Cao et al. 2020; Radyushkin et al. 2009; Liu
et al. 2017).

Thanks to the electroencephalography obtained
from these behavioral disorders, it is possible to
comment on the relations between the species.
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. DISCUSSION

When many studies on animals and humans are
examined; is observed that there is a close
relationship between the emotional states of
animals and humans. As an indicator of this close
relationship; is stated that facial expressions in
mice reflect internal emotional states, just like
facial expressions in humans (Dolensek et al.
2020; Stringer et al. 2019).

There are many examples like this.
Electroencephalography of these samples is
functionally obtained by electroencephalography
of the electrical signals produced as a result of
neurological activities in the brain (Ward
2013-2015; Bear et al. 2016; Lopes and MEG
2013; Gandal et al. 2010; Dringenberg 2000).

In the results of many studies, they reported that
neuronal activities were similar between human
and animal experiments according to
electroencephalography recordings (Videman et
al. 2016; Fedor et al., 2010; Colas et al., 2005; de
Vries et al., 2005).

For example; It is stated that close similarities are
observed in the electroencephalography of
pathological conditions such as neurode-
velopmental disorders, autism, attention deficit
hyperactivity, mood disorder, anxiety, and
adjustment disorders, brain dysfunction, learning
disability, aging, and traumatic brain injury
(Fedor et al., 2010; Colas et al., 2005). ; de Vries
etal., 2005).

31 Mood

Brittlebank et al. (1993) in the results of a study;
In the case of depression, people are prejudiced
against overgeneralization; reported that animals
exhibit simple behaviors such as avoidance and
approach as an indicator of their internal
emotional state. In the results of another study,
Grandjean et al. (2016) determined that increased
amygdala-PFC functional connectivity and white
matter structural changes in the cingulum showed
similarity in mice and humans against chronic
stress. The results of a study by Xunxun Chu
(2019) reported that the naturally induced

depression models in macaques are very similar to
the human depression model.

3.2 Sleeping Disorder

When examining studies on sleep disorders,
Gadad et al. (2013) and Crawley (2012) reported
in the results of the study that there is a similarity
between the symptoms of sleep disorders between
animal models and humans. According to
Jaramillo et al. (2016) and Dhamne et al. (2017)
as a result of sleep disturbance in Shank3
knockout mice; they observed the emergence of
repetitive grooming, social deficits, decreased
activity, anxiety, learning problems, and various
autistic-like behavioral disorders.

In another similar study, Cao et al. (2020)
reported that abnormal behaviors and seizures
due to sleep disturbance were observed in
Neuroligin-2 knockout mice. Radyushkin et al.
(2009) and Liu et al. (2017), it was observed that
Neuroligin-3 knockout mice preferred reduced
fear conditioning, olfactory disorders, and
hyperactivity, as well as reduced ultrasound
vocalization and social innovation due to sleep
disturbance. On the other hand, Monassi et al.

(2003), Andersen and Tufik (2003), in the results
of the studies against a living thing that affects
from the outside; observed that they exhibit
temporary or permanent changes in behavior.

Moreover; they also found that their mice showed
sleep disorders. Armitage (2007) found in a study
that electroencephalography findings were more
than 80% of patients with depression and that
these people had sleep disorders.

3.3 Epilepsy

Citraro et al. (2019) examined the development of
epileptic seizures and behavioral changes in mice
with EEG. In the results obtained by the study
results; They reported that it could represent a
promising new therapy to prevent and treat the
epileptogenic process and associated behavioral
and cognitive changes. In another similar study,
Roebuk et al. (2020) reported that the results of
genetic absence epilepsy EEGs in mice include

behavioral stagnation, staring, anxiety, fear,
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learning disability, and dysfunction in intermodal
recognition memory and visual attention.

Electroencephalography is an important tool for
characterizing epilepsy in tuberous sclerosis
complex mouse models (Magri et al., 2011; Zeng
et al., 2008). Background EEG spectral analysis is
commonly used to investigate.

3.4 Some Environmental Factors

In addition to all these, when studies conducted in
line with environmental effects such as fear,
different wavelengths of light, different sound
frequencies, temperature, and stress are
examined, Gavales et al. (1970) studied the effects
of low-level, low-frequency electric fields on
monkeys' behavior and EEGs. In the results of the
study, monkeys under 7 c¢/s fields reported
significantly faster reciprocal response time in 5 of
the 6 experiments. In addition, the results of the
analysis of the EEG data showed that the average
differences between open and closed areas were
more than 0.4 seconds; reported that all monkeys
showed a relative power peak in the frequency of
the areas (10 c/sec and 7 c/sec) for the
hippocampus. In some studies, Stephenson et al.

(2012), Glickman et al. (2006), Strong et al.
(2009), Cajochen et al. (2000), and Beersman
(2003), on the other hand, examined the
relationship between daylight and behavior. In
the results of the study, they reported that
electroencephalography data affected mood,
depression, behavior, sleep disorders, and
physiological and chemical functions.

In another study, Hallaschmid et al. (2002)
examined whether reward in humans is associated
with EEG synchronization similar to that seen in
animals. In the results of the study, the
researchers reported that increased beta activity
during drinking and sucking in thirsty subjects
likely reflects nonspecific activation related to the
motivational power of sensorimotor regulation
during consumption behavior.

They also stated that low alpha synchronization
due to thirst after drinking, which is created not
only by water consumption but also by surrogate

oral stimuli, is a reflection of the
impulse-reducing and rewarding qualities of oral
stimulus and consumption behavior.

35 Genetic

Among the factors affecting behavior in model
animals;  genetic  factors, age, gender,
physiological, and hormonal conditions are

included. In the results of a study using mice as
model animals, Cambiaghi et al. (2012) reported
that tuberous sclerosis complex caused by benign
tumors in different organs and serious
neuropsychiatric symptoms such as epilepsy,
intellectual disability, autism, anxiety, and
depressive behavior can be determined by EEG
method. Also, Cambiaghi et al. (2012) found that
anxiety and depression were reduced in mutant
mice treated with rapamycin in their EEG power
spectrum results.

Carter (1978) reported that it produced a
trance-like stupor in all monkeys associated with
marked EEG changes and hypothermia in adult
and preadolescent rhesus monkeys. Researchers
have also found that characteristic EEG and
behavioral changes are age-related. In another
study, Cai et al. (2020) examined expression
networks, locomotive, and cognitive behaviors,
and EEG and gene-circuit-behavior analyses in
genetically modified monkeys. The results of the
study; reported that decreased -synchronization
in  front-parietal-occipital  networks  was
associated with abnormal locomotive behaviors.

Blackburn-Munro (2004), who conducted a study
on genetically manipulated animals, stated that
there are many pathological changes similar to
various chronic pain in humans in animal models
of chronic pain, using it together with classical
physiological and biochemical measurements
according to EEG results. Moreover; reported that
the evaluation of pain and stress with the EEG
method in animals is an alternative method.

Tuberous sclerosis Complex is a multisystem
genetic disorder caused by mutations in the Tsc1
or Tsc2 genes that lead to hyperactivation of the
m TOR pathway, a key signaling pathway for
synaptic plasticity.
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3.6 Pain

Joyce and David (2019), who conducted a study
on rats, mice, and monkeys, examined the
electroencephalography of acute and chronic pain.

In the results of the study, the researchers
observed that the transition from acute pain to
chronic pain resulted in significant changes in
brain function.

Moreover; they reported that brain activations in
acute pain are related to the sensory aspect of
noxious  stimuli, including the primary
somatosensory cortex, insula, cingulate cortex,
thalamus, retrosplenial cortex, and
periaqueductal gray.

Ong et al. (1997) measured acute pain in sheep
and examined changes in  both the
electroencephalogram frequency spectrum and
behavioral responses to increased -electrical
stimulation in sheep.

In the results of the study, they stated that the
human acute pain model can be applied to sheep
and that these electroencephalogram changes can
provide a good measure for acute pain in sheep.

37 Medicine

Van Lier et al. (2004), Graversen et al. (2012)
Leocani et al. (2000), and Barry et al. (2009); In
the studies conducted by Cambiaghi et al. (2012)
Baumann et al. (2006) stated that the changes in
the brain caused by the drug efficacy in humans
and animal models are closely related to behavior.

They reported that these relationships are a frugal
indicator between EEG data and behavior. They
found a slight but significant reduction in theta
and alpha mean dominant frequency = (MDF)
with behavioral changes in rapamycin-treated
wild-type mice, suggesting a mild brain
dysfunction associated with the drug treatment
studies by Salinsky et al. (2004), Leocani et al.,
(2000, 2010), Klimesch (1999), and Klimesch,
(1997). They reported that this resulted in a mild
brain dysfunction associated with drug therapy.

They also observed that EEG slowing in humans is
associated with neurological disorders or even

lower working memory, IQ or drug-induced
lethargy, and cognitive impairment in healthy
subjects.

3.8 Dependence

Howard (2000) examined the -electroence-
phalography of the brain functioning in various
animal models with alcohol dependence. The
researcher reported that there are physiological
and behavioral advantages and disadvantages to
alcohol withdrawal syndrome. The researcher also
stated that it may affect enhanced autonomic

nervous system activation, sensory
hyperreactivity, convulsions, anxiety, and
dysphoria.

When other similar studies are examined, Walker
and Zornetzer (1974), Ehlers and Chaplin (1991),
Poldrugo and Snead (1984), and Perrin et al.
(1975) reported that EEG abnormalities were
associated with alcohol withdrawal in various
model animals, including mice, rats, cats, and
primates.

V. CONCLUSIONS

There are various behaviors that they exhibit
depending on the various moods observed in
humans and various model animals. These
behaviors vary depending on some factors such as
mood, sleep disorder, epilepsy, depression, pain,
drug use, addiction, genetics, and environmental.

Neurodevelopmental disorders, mood disorders,
olfactory disorders, visual attention dysfunction,
sleep disorders, brain dysfunction, learning
disorders, various adjustment, and autistic-like
behavior disorders, autism, attention deficit,
hyperactivity, anxiety, aging, traumatic brain
injury in various model animals. It has been
observed that various behaviors such as repetitive
grooming, social deficits, decreased activity,
anxiety, fear conditioning, calmness, staring,
anxiety, fear, learning disability, intermodal
recognition memory and depression are exhibited.

It has been observed that these behaviors closely
resemble each other among various species of
electroencephalography.
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ABSTRACT

In this study, an attempt is made to understand
the performance of dimple textured uncoated
carbide cutting tool during turning of AISI Hi11
hot die steel in dry environment. Response
surface methodology (RSM) was adopted to
evaluate the effect of turning process parameters
(cutting speed 80-120 m/min, feed rate 0.16-0.32
mm/rev and depth of cut 0.2 -0.5 mm) on tool
flank wear (VB) and surface roughness (Ra). The
results of the experimental runs are examined
using ANOVA and variable interaction plots.

Flank wear initially less at lower cutting speed of
80 m/min but as the speed increases wear on
flank increases with same trends of feed rate. At
low feed rate of 0.16 mm/rev surface roughness
is low at all cutting speeds, whereas with
increase in feed rate deteriorate the surface
quality. Similarly, with 0.2 mm depth of cut Ra is
2.23 um and with increase in depth of cut value
Ra approaches 2.98 um. Optimization and
modelling was conducted to minimize wear and
roughness using 5% error.

Confirmation of the test runs shows 3.84% and
4.47% error between predicted and experimental
values of VB and Ra.

Keywords: textured tool, RSM, surface roughness,
tool wear.

Author: DAV Institute
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of Engineering &

I INTRODUCTION

Developments in the metal cutting industry are
driven by the manufacturer's need to expand the
performance of parts used for various applications
by maintaining the environmental legislation.

© 2023 Great Britain Journals Press

Extreme heat develops at cutting edge while
machining “difficult-to-cut” materials, which is
carried out by  workpiece, tool, and
coolant/lubricants. Traditionally, to dissipate heat
large quantity of coolants (flooded coolants) is
used to minimize friction and heat, which create
difficulties in procurement, dumping, storage, and
preservation. However, some disadvantages like
cost, environmental impact, safety, and health
hazards limit the use of flood cooling which
compels industries to minimize or eliminate its
use and encourage the development of new
cooling/lubricating options. “Dry machining” is
oldest, most environmentally friendly options, but
absence of cutting fluid leads to heat generation,
adhesion, poor chip evacuation, and increase
friction at the cutting zone. Dry machining is
found to lead to poor results with rough surface
on products, whereas flood cooling leads to
economic, environmental, and health challenges.

Worldwide manufacturers are actively seeking
cost-effective alternatives to produce satisfactory
quality components which are accepted globally.

To promote the metal cutting industry and
creating new opportunities, technology plays an
important role. Turning at one time is based on
the skills of the operator and still important, so to
be competitive it is necessary to adopt and
implement modern and cost-efficient
manufacturing techniques (Soroka, 2003).

Materials used extensively in aerospace, food, and
the nuclear industry have great-strength and
wear-resistance are “difficult-to-machine” due to
thermo-physical stresses at the edge of cutting
tool (Sharma, Dogra and Suri, 2008). The
degradation of the surface finish is closely
associated with wear growth. Different
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researchers working on enhancing tool life during
conventional turning; otherwise, tool failure
refers to the damage that is so severe to remove
material from the workpiece due to its
vulnerability to changes in cutting conditions
(Sharma, Dogra and Suri, 2009). Tool-workpiece
friction and heat generation at cutting area are
prevalent challenges in turning, reducing life of
tool and compromising the quality of surface
during turning operation.

Due to wunusual properties of “difficult-to-
machine” materials, such as low conductivity to

Primary
Deformation Zone

Chip

Elasto-Plastic deformation
Heat generation

Workpiece

heat, great-strength at eminent temperatures, and
wear-resistance and corrosion generate heat and
produce negative effects (Zhang, Li and Wang,
2012). Enormous generation of heat (indicated in
Fig. 1.1) at the cutting zone while turning
“difficult-to-cut” materials, is due to plastic
deformation because of chip formation and
friction between the tool-work-piece and
tool-chip. Dissipation of heat is dependent on
geometry of tool, its heat conductivity, and
cooling techniques (Shokrani, Dhokia and
Newman, 2012).

Secondary
Deformation Zone

Plastic deformation
Friction
Heat Generation

Tertiary
~—_ Deformation Zone

Elastic deformation
Friction

Heat generation

Figure 1.1: Heat generation at cutting zone (Abukhshim, Mativenga and Sheikh, 2006)

Surface topography moderation of cutting tools
using textures has been an innovative/ecological
method, which helps to improve tribological
conditions of sliding surfaces relative to each
other, and the addition of solid lubricant in the
pockets generated on the tool makes dry
machining environmental friendly (Sharma and
Pandey, 2016).

Dry machining with surface texturing tends to be

the most suitable solution for sustainable
machining. But for  hard  materials,
high-temperature gradient at cutting zone

necessitates the use of traditional flood cooling,
which makes the process harmful for ecological
considerations (Mosarof et al., 2016).

1.1 Dry Machining

Dry machining is an eco-friendly approach and it
will be mandatory for the industries in the coming
future to enforce regulations of environment
sustainability for occupational safety and health
standards (Klocke, F., & Eisenblatter, 1997).

Dry turning/machining offers pollution-free
atmosphere (or water); no swarf residues that are
measured by decreased disposal and cleaning
costs; no health hazards; no skin and allergy
(Sreejith and Ngoi, 2000). Dry machining helps to
create an environmentally friendly image, reduce
costs, and improve work satisfaction in workers
(Figure 1.2).
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DRY MACHINING

Figure 1.2: Dry Machining Advantages (Ghosh and Rao, 2015)

The major issues during dry machining include
overheating, enhanced abrasion, diffusion and
oxidation of the tool material. However, a
significant amount of heat inhibits near tolerances
and its surface is subjected to metallurgical
damage (Debnath, Reddy and Yi, 2014).

Dry hard turning of difficult-to-machine materials
would not be feasible without the selection of
appropriate tool material. Costly, CBN (cubic
boron nitride) tools are widely applied to machine
high hardness and thermal conductivity materials,
since these are second toughest tool material after
diamond. Various merits or demerits of dry hard
turning are discussed in Table 1.1. The cost of the
CBN tool is high, but tool wear is low in
comparison to other tool materials (Kundrak et
al., 2006). Cemented carbide tools have been
developed over time and still to be primarily used
to machine Ni-alloys, particularly Inconel-718.

Conversely, with the increase demand for high
MRR and higher surface quality, machining at
high speed was adopted and usage of cemented
carbide tools became more complex (Dudzinski et
al., 2004). For dry turning of Inconel-718, cutting
tool material must meet the following
requirements (Dudzinski et al., 2004):

Adequate stability at high temperatures
Superior thermal shock resistance
Superior strength and toughness

High hot hardness

Excellent resistance to wear

LA ol SR
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Table 1.1: Merits and Demerits of Dry Hard Turning

Merits

= Non-pollution of the environment or water,
thereby reducing the health risk, especially
to the skin and respiratory system

* No lubricant stain on machined parts that
reduces or avoids the cost of cleaning and
energy consumption.

= No lubricant residue on extracted chips
reduces the cost of disposal and energy
consumption associated

Demerits

Overheating of cutting tool

High friction due to softening of tool base
material.

Rapid tool wear due to abrasion, diffusion,
and oxidation.

Damage workpiece surface due to a large
amount of heat accumulated in cutting area.
Formation of chip, deteriorate surface

quality

1.2 Textures Engraved on Tool Surface

“Surface structuring or surface texturing on the
cutting tool is an innovative strategy for
sustainable metal cutting. Surface texturing is a
term that refers to the process of altering the
topography of a surface to enhance tribological
efficiency of contact surfaces”(Fatima and
Mativenga, 2013; Ghosh and Rao, 2015). In the
last decade, textures on surface has been the
feasible option in surface engineering, leading to
considerable increments in load carrying capacity,
wear, strength, friction coefficient, etc. of
tribo-mechanical components (Etsion, 2005). The
surface texture reduces the friction coefficient,
cutting forces and sticking between the tool-chip
interface (Jianxin et al., 2012). Different
researchers have graved various textures for this
reason on tool inserts (Ghosh and Rao, 2015).

Metal cutting processes are now carried out at
high speeds to ensure optimum efficiency, thanks
to the advancement of modern engineering
technologies. In the era of automation, long
continuous chips produced at high cutting rates
have become a challenge for industry. Textures on
tool surface helps to control contact because their
length of contact is shorter than conventional
contact length of chip (Chao and Trigger, 1959).

Surface textures are generated by a variety of
advanced manufacturing techniques, which
include; micro-wire cut “electron discharge
machining” (EDM), “Focused ion beam” (FIB)
machining (Tseng, 2004), and photolithography,
“reactive ion etching” method (RIE), laser
technology, and so forth (Pettersson and
Jacobson, 2003). Texture geometries such as

micro-holes, linear, circular, square, and wavy
indentations, were developed on tool surfaces and
its application improves the cutting tool
tribological performance (Etsion, 2005).

. LITERATURE

Nowadays, the tendency is toward high-quality,
cheap, and small-batch sizes. To compete with
countries having structure of low-wage in
manufacturing industry, it is vital to innovate
techniques that contribute to the improvement of
the manufacturing sector's level, with a beginning
to witness technical improvements in the field of
hard turning (Soroka, 2003). Generally, when the
hardness of material is more than 45 HRC, then it
is called hard turning (Pavel et al., no date). While
it may not remove the requirement of grinding, it
may relieve the load on costly grinders for the
specified application (Konig, Berktold and Koch,
1993; Chou, Evans and Barash, 2003).

During cutting of metal, there is maximum
conversion of energy into heat. Friction inside
tool-chip interface and in the workpiece-tool
interaction zone generates extra heat at cutting
region. The temperature due to friction and
plastic deformation at the cutting zone is reached
upto 1700°C. During machining 10-20% heat is
taken up by tool and rest of 80-90% is transferred
to chip (Budak et al., 2010). Heating the tool and
workpiece is excessive and also raises their
temperature and distortion in the cutting tool
(Motorcu et al., 2016).

To overcome these problems of dry machining,
sustainable techniques are developed like; a new
class of tools, texturing on rake surface of tool,
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improved tool geometry, and coatings are applied
on tools. From all of the above, surface texturing
is an  environment-friendly method for
tribological characteristics improvement.

“Tribology is the study of friction, wear and
lubrication of the surfaces in relative motion” (Ian
Hutchings, 2017). Lubrication/Cooling
capabilities and tribological properties are
improved as observed from literature with the
help of micro-scale surface textures on cutting
tools which also helps to reduce adhesion
(Pettersson and Jacobson, 2003; Wakuda et al.,
2003; Etsion, 2005; Kovalchenko et al., 2005).

Therefore, cutting tool surface texturing is a
method that improves friction and lubrication
during the interaction of tool and chip. Surface
texture minimizes the friction by shortening the
duration of contact of chip with tool (Enomoto
and Sugihara, 2010; Chang et al., 2011; Enomotoa
and Sugihara, 2011). When texture surface
chip-tool friction is reduced and the wear debris
that forms from this is confined in the cavity
owing to textures on the surface (Blatter et al,
1999; Costa and Hutchings, 2009). During the
turning of materials hard to machine, a
comparative examination of textured and
conventional cutting tools was done. Textured
tools utilized in the turning process, helps to
reduce friction, heat generation, and thus wear,
which helps to improve energy efficiency, product
quality, and tool life (Ling et al., 2013)

The textures orientation at the cutting edge has
been demonstrated to increase or decrease cutting

Chip flow
direction

Eake face

(a)

(b)

Flank fare

performance, several studies have examined this
in terms of sliding contacts. The tribological
performance of parallel direction, perpendicular
direction, and at a 45° angle to the sliding
direction was tested (Pettersson and Jacobson,
2004); and found that orientation modification
helps pressure accumulation due to textures;
which disrupt surface roughness.

It is observed that perpendicular texture displayed
more extraordinary film thickness under higher
loads, whereas narrower parallel grooves
exhibited a flow-direction because the lubricant
may be directed away from contact in a parallel
groove and so reduces the thickness of the film
and tribology (Costa and Hutchings, 2007). The
angle of textures was essential since they alter the
lubricant's capacity to capture wear particles
(Zhan and Yang, 2012). The foregoing tests show
that textures must be oriented towards the sliding
direction since it has a direct effect on the texture
mechanism which promotes the tribological
performance on a contact surfaces. For the
building grooves in parallel on the rake tool face
(known as textured tool), EDM has been used
(Kim et al., 2015) and evaluated its influence on
the cuts in comparison with conventional tool.

Some researchers have discriminate textures (Fig.
2.1,showing perpendicular shape, parallel shape,
and cross patterns) to chip flow direction using
femtosecond laser on WC inserts (Kawasegi et al.,
2009).

Figure 2.1 Texture on Cutting Tool According to Direction of Chip Flow (A) Perpendicular Shape (B)
Parallel Shape (C) Cross Texture (Kawasegi Et al., 2009)
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Wear resistance of tool is found to increased
greatly in comparison to conventional insert while
machining carbon steel with four kinds of
textured tool because this micro-grooved surface
collects the wear particles created by wear
mechanisms (Enomoto and Sugihara, 2010).

Four  varieties (perpendicular, parallel,
square-shaped pits and dots) as depicted in Fig.

2.2 were produced in the same way. Micro-scale
textures in orthogonal and diagonal sites showing
that using rake and flank face grooves decreases
tool wear as compared with ordinary tools (Xie et
al., 2012). Diagonal micro-sites reduce wear of
tool by 6.7% and increase heat dissipation rate in
the cutting are due to texture orientation to the
chip flow direction.

Figure 2.2: Texture Types on Tool Rake Surface (A) Perpendicular Type (B) Parallel Type (C) Pit Type
and (D) Dot Type. (Obikawa Et al., 2011)

Advantages of micro/ nano-textures

1. Textures on the cutting tool help to improve
machinability by lowering friction, but it
depends upon the shape and size of the
textures. Reduction in friction is achieved by
micro/nano-scale textures as reported with
the literature.

2. Reduced friction results in decreased wear,
cutting forces, and chip adhesion during the
cutting action.

3. Cutting tool textures aid in the retention of
coolant/lubricant at the tool-chip contact,
providing lubricating and cooling benefits.

4. It also reduces plowing wear by removing
wear debris, which causes abrasive wear.

5. Textures serve as reservoirs for both liquid
and solid lubricants, resulting in the
formation of a self-lubricating barrier at the
tool-chip interface. This technique is
advantageous for solid lubricants because it

extends the tool life and improves the surface
quality of textured tools.

.  EXPERIMENTAL SETUP
31 Work Piece Material

Commercially available, round bars of AISI
Hii-hot die steel (with axial cutting length 200
mm and diameter ¢ 22 mm) were selected as
workpiece materials for tuning tests material.
Composition and mechanical characteristics of
AISI Hi11 hot die steel are given in Table 3.1 and
Table 3.2.
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Table 3.1: Chemical Composition of AISI-H11 (Hot Die Steel) in Wt. %

0.33 0.9 0.29 0.03

0.02 5.1 1.2 0.34

Table 3.2: Mechanical Characteristics of AISI-H11 (Hot Die Steel) at Nominal Ambient-Temperature

Tesile Yield Young Density Melting Hardness, Thermal
Strength Strength modulus (g/cm?) Range (°C) Brinell Conductivity
(MPa) (MPa) (MPa) HB (W/mK)
1590 1380 215 x 103 8.19 1345-1427 195 42.2
3.2 Cutting Tool Material M/s Kennametal India Limited) having

Cutting tool material selected for the turning tests
was uncoated cemented carbide tool; ISO
designation - TNMA 160408-THMF (provided by

specifications shown in Table 3.3. The name of the
tool holder was WTJNR1616H16. It was used to
rigidly mount the tool mentioned above and had a
tool cutting edge angle of 93°.

Table 3.3: Cutting Insert Specifications

Cutting

. Insert Geomet
msert Ty

Type

Insert dimensions (Inm)

R,

Uncoated cemented carbide tool with texture on
the rake face is utilized in comparison to costly
CBN tools for turning “difficult-to-machine”
materials. The tool holder (WTJNR1616H16) and

cutting insert on clamping, gave approach angle
(93°), clearance angle (6°), rake angle (-6°) and
nose radius (0.80 mm). The dimensions of tool
holder (in mm) are given in Table 3.4.

Table 3.4. Tool Holder Dimensions

Tool Holder Dimensions (in mm)

WTJNR1616 H

B LF LH HF WF

Hi6
20

20 125 125 25 25

3.3 Fabrication of Surface Texture on Rake Face
(Dimple Shape)

In general, the several “micro-machining”
techniques for removing materials, such as
‘micro-grinding’, ‘micro-EDM’, ‘femtosecond
laser’ and ‘fibre laser’ have been used.
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Diameter Sipm

(b)

Figure STYLEREF 1\s 3.1 Optical microscope image of (a) Non-textured (NT) tool
and textured tool (TT) (b) CAD model textured tool

Dimple-shaped texture with 50 um diameter and
100 um special distance, as illustrated in Fig. 3.1
a,b, is taken into consideration and is modelled
using CAD software. The CAD model was then
exported to appropriate interface for fabricating
texture on tool rake surface. A “multidiode pump
fibre laser” (LM-487-A-22-SD6-UX-M30-M) was
applied on uncoated carbide tool’s rake surface,
the array of dimple texture is taken zigzag and the
direction parallel to cutting edge was fabricated.

The conventional insert with non-textured and
dimple-textured pictures was measured by optical
microscope and is displayed in Fig. 3.1 a, b.

3.4 Machine and Measuring Equipment

The turning runs were conducted on convention
lathe HMT, India, model: high- speed precision
lathe NH 22 and for tool flank wear and surface
roughness  measurement Metzer toolmaker’s
microscope Surf Test SJ-201 analyzer are utilized.

To measure the cutting forces during cutting a
strain gauge based digital lathe dynamometer
supplied by RMS controls, India was used during
experimentation. The specifications of cutting
force dynamometer is given in Table 3.5.
“Scanning electron microscopy” was used to
characterize the wear of worn-out cutting inserts.

The SEM/EDAX equipment is shown in Figure
3.6 with the following specifications, associated
with two computer interface for wear and
elemental analysis, respectively.
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Table 3.5: Specifications of Digital Lathe Dynamometer

Make RMS Controls, India
Axis gaxis- X, Y, Z

Sensor 500.0 kgf

Range 0.1 kgf
Resolution 0.05 % Full scale
Accuracy 0.05 %
Linearity Front side push button switch
Zero/Tare 230 VAC

Power supply Table
Model Top

Table 3.10: Specification of “Scanning Electron Microscope” (SEM)

Make

JEOL, Japan

Model

JSM-6510LV

Maximum magnification

5X to 300,000X

Resolution

3 nm

Operating voltage

0.5 KVto 30 KV

Maximum specimen

150 mm diameter

Objective lens

Super conical

V. MODELING OF FLANK WEAR AND

SURFACE ROUGHNESS

To generate models for response factors, i.e., tool
flank wear and surface roughness, an entire set of
20 experiments obtained through RSM based on
CCFC (central composite face-centered) design
have been conducted. The input turning
parameters viz. cutting speed, feed rate, and
depth of cut were varied over 3 levels, whereas the
tool geometry and texture on the rake surface
were kept constant for each experiment. The new
cutting edge of the insert was used to conduct
each turning test. CCFC experimental layout,
along with results obtained for output responses,
i.e., tool flank wear (VB) and surface roughness
(Ra), is shown in Table 4.1.

In order to build their respective models in terms
of input factors, the output responses were
examined using RSM. The quadratic model was

presented the best fit for both output factors,
whereas cubic models had been aliased, in Table
4.2 and Table 4.3.

The recommended quadratic models’ R-Squared
(R?) values were the greatest (except the aliased
one), while their associated PRESS values remain
lowest, indicating quadratic model’s superiority
over other source models.
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Table 4.1: CCFC Experimental Layout with Results

Cutting speed: Feed rate: f  Depth of cut: Flank wear: VB SIS
Exp. No . roughness: Ra
Ve (m/min.) (mm/rev) d (mm) (mm)
(um)
1 130 0.24 0.35 2.81 1.84
2 180 0.16 0.2 2.65 1.78
3 180 0.32 0.2 3.11 2.12
4 80 0.16 0.2 1.74 1.86
5 80 0.32 0.2 2.19 2.6
6 80 0.16 0.5 1.81 2.23
7 80 0.24 0.35 2 2.34
8 80 0.32 0.5 2.21 2.98
9 130 0.24 0.35 2.54 2.02
10 130 0.24 0.5 2.65 2.21
11 130 0.24 0.35 2.77 1.99
12 130 0.24 0.35 2.54 2.18
13 130 0.24 0.2 2.64 1.87
14 130 0.32 0.35 2.64 2.24
15 180 0.16 0.5 2.97 2.04
16 130 0.24 0.35 2.74 1.94
17 180 0.24 0.35 3.07 2.18
18 130 0.16 0.35 2.3 1.78
19 130 0.24 0.35 2.62 1.96
20 180 0.32 0.5 3.33 2.44
Table 4.2 Comparison Models for Tool Flank Wear (VB)
Source models R? PRESS values Remarks
Linear 0.9281 0.3621
2F1 0.9364 0.6941
Quadratic 0.9707 0.2568 Suggested
Cubic 0.9743 19.70 Aliased
Table 4.3 Comparison Models for Surface Roughness (Ra)
Source models R? PRESS values Remarks
Linear 0.7169 0.8139
2FI 0.7610 2.06
Quadratic 0.9099 0.2107 Suggested
Cubic 0.9613 3.27 Aliased

4.1 ANOVA Analysis

The ANOVA test was used to determine the
statistical significance of models and input
variables produced by RSM. Findings through
ANOVA for VB and Ra models are shown in Table
4.4 and Table 4.6 respectively. The importance of
RSM models and input variables may be
determined by examining their associated p-value
(Prob>F). If the p-value < 0.05 (Prob>F, at 95%
confidence level), the contribution of parameters
is considered significant. Using the ANOVA test, it

was determined that models for VB and Ra are
fitted and significant statistically. ANOVA
findings indicate that A, B, C, AB, AC, BC, A2, B2,
and C2, are all statistically significant variables for
both output responses. Lack of fit: F-test was used
to determine how well the generated response
models fit the input data. F-values (i.e., the ratio
between mean square lack of fit and pure error
mean square) for lack of fit test were found as
0.3969, and 0.2749 for VB and Ra models,
respectively and their associated p-values (>0.05)
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representing lack of fitness, as strongly sought
model adequacy, are statistical insignificant
compared to pure error. The variation coefficient
(C.V. = (Std. Dev. / mean) x 100) provides an
estimate of the pure error of the models’ VB and
Ra. The summary of model statistics for output
response models (Table 4.5 and Table 4.7),
indicating a strong signal for dependability of
machine and accuracy of the model, indicate a low
value of C.V. for both models (<10%).

Likewise,; R* or R-squared = 1- (residual sum of
squares / total sum of squares) was higher than

0.85, for both models, which confirmed
furthermore the accuracy of the models that were
fitted with regard to the projection of capability of
response parameters. The values of output
responses that are predicted by the adjusted R*
and R? indicate excellent interactions. In addition,
adequate precision (AP: signal/noise ratio) > 4,
shows the validity of the models for future
predictions for both models. Furthermore, the
lowest press values (predicted residuals error sum
of squares): 0.2568 and 0.2107, shows quadratic
models for output responses are best fit models
for the test findings.

Table 4.4: ANOVA Results for Tool Flank Wear (VB)

Sum of

T Remarks
Model 3.27 9 0.3635 36.76 < 0.0001 significant
A-Cutting speed (Vc) 2.68 1 2.68 271.31 < 0.0001
B-Feed rate (f) 0.404 1 0.404 40.85 < 0.0001
C-Depth of cut (d) 0.041 1 0.041 4.14 0.0692
AB 0.0001 1 0.0001 0.0114 0.9172
AC 0.0253 1 0.0253 2.56 0.1407
BC 0.0028 1 0.0028 0.2844 0.6055
A2 0.0118 1 0.0118 1.19 0.3007
B2 0.0468 1 0.0468 4.73 0.0547
C2 0.0055 1 0.0055 0.5517 0.4747
Residual 0.0989 10 0.0099
Lack of Fit 0.0281 5 0.0056 0.3969 0.8333 not significant
Pure Error 0.0708 5 0.0142
Cor Total 3.37 19

*Degrees of Freedom

Table 4.5: Tool Flank Wear- VB Model Statistics

Std. Deviation 0.0994 R? 0.9707
Mean 2.57 Adjusted R? 0.9443
CV.% 3.87 Predicted R? 0.9238
PRESS 0.2568 Adeq Precision 22.2693

Table 4.6: ANOVA Results

for Surface Roughness (Ra)

Source SS(;T;IZI; F value g;\;?)l:; Remarks

Model 1.61142 9 0.179 22.332 0.00002 significant
A-Cutting speed (Vc) 0.21025 1 0.210 26.224 0.00045
B-Feed rate (f) 0.72361 1 0.724 90.253 0.00000
C-Depth of cut (d) 0.27889 1 0.279 34.785 0.00015
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AB 0.07031 1 0.070 8.770 0.01425
AC 0.00361 1 0.004 0.451 0.51727
BC 0.00061 1 0.001 0.076 0.78787
A* 0.16324 1 0.163 20.360 0.00112
B 0.00011 1 0.000 0.014 0.90852
c? 0.00154 1 0.002 0.192 0.67087
Residual 0.08018 10 0.008
Lack of Fit 0.01729 5 0.003 0.275 0.90858 not significant
Pure Error 0.06288 5 0.013
Cor Total 1.69160 19

Table 4.7: Surface Roughness- Ra Model Statistics

Std. Deviation 0.0895 R? 0.9526
Mean 2.13 Adjusted R? 0.9099
CV.% 4.20 Predicted R? 0.8755
PRESS 0.2107 Adeq Precision 19.6007

To create a connection between response variables and input turning factors, multiple regression
analysis was used to produce output response (VB and Ra) mathematical models. Table 4.8 lists
empirical models for output responses.

Table 4.8: Empirical Model Equations

Response Empirical Model Equations (In Terms of Actual

Factors Factors)

-0.650240 + 0.014767 * Ve + 12.96534 * f— 1.55919 * d —
1 VB 0.000938 * Ve * f +0.007500 * Ve * d — 1.56250 * f* d —
0.000026 * (Vc)? — 20.38352 * (f)? + 1.97980 * (d)?

2.090936 — 0.021622 * V¢ + 6.63144 * f + 0.571313 * d
2 Ra -0.023438 * Ve * f — 0.002833 * Vc * d + 0.729167 * f* d
+ 0.000097 * (Vc)? — 0.994318 * (f)? + 1.05051 * (d)?

London Journal of Engineering Research

To check the accuracy of developed models for VB and Ra, shown in Table 8.8, the values of VB and Ra
have been calculated from these regression equations for a different combination of input parameters,
as reported in Table 4.1. The anticipated model values (for VB and Ra) are compared with the
experimentally examined values. Figures 4.1 and 4.2 demonstrate that the anticipated and empirically
observed values ( for VB and Ra) are very congruent.
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Figure 4.1: Predicted and Actual Comparative Values of VB
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Figure 4.2: Predicted and Actual Comparative Values of Ra
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4.2 Influence of Input Parameters on Tool Wear and Surface Roughness

A statistically significant model consisting of the feed rate (f) and cutting speed-depth of cut interaction
(Ve-d) for flank wear of tool was used. Flank wear (VB) has been significantly varied with a change of
speed. However, as is apparent from Fig 4.3, the wear of tool somewhat changes with feed rate.
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Figure 4.3: Effect of Feed Rate and Cutting Speed on VB

Wear at tool is minimal at lower cutting speed,
but rises with cutting speed increases, for all feed
rate range from minimum 80 m/min.., and then
increases quickly with an increase in cutting
speed. On the other side, tool wear is less at low
feed rates, but as feed rate rises, tool wear
increases somewhat. Less tool wears initially with
increased cutting speed and feed rate is
attributable to the attachment of workpiece-chip
material on flank face, as illustrated in SEM
pictures of the worn-out tool for Exp. No. 9 (Fig.
4.4-b). Fig. 4.3 showed high speed and lower feed
rates, accelerate wear of tool beyond the mean
value would influence turning conditions, which
would increase the temperature of the area to be
cut and soften the adherement layer, which is
detached as shown in SEM image for Exp. No. 2

(Fig 4.4-a).

Fig. 4.3 reported high wear at flan with higher
feed rate/ speed. Initially, the tool edge was
protected by hard particle and rake face textures,
which limits chip tool contact, resulting in less
tool flank wear, as the speed and feed rate rises,
temperature  between  tool-chip interfaces
becomes dominating factor. At high speed cutting,
the friction rises due to uneven contact with a
chip-tool, which causes the protective layer to be
removed, i.e. adhesive wear. Furthermore, due to
the high temperature during cutting, the bonds

between tool particles are weakened by the severe
diffusion between the work material and tool. The
hard particles are thus removed from the tool and
wear is thereby enhanced. The tool flank wear
(VB) rises with an increase in feed rate, but above
the mean value, the VB increases quickly. A
reduction in tool flank wear was seen with a
combination of low cutting speed and low feed.
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Figure 4.5 Effect of Cutting Speed and Depth of Cut on VB
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The wear at the tool flank (VB) changes significantly when the depth cuts and speed range are low to
moderate. However, the wear increases rapidly, as seen in Fig. 4.5. Fig. 4.5 showed depth cuts has
marginal impact on wear of tool.
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Figure 4.6: Effect of Feed Rate and Cutting Speed on Ra

Figure 4.6 illustrates the feed rate-cutting speed impact roughness (Ra), roughness of surface reduces
at low feed rate, i.e., 0.16 mm/rev., with a cutting speed increase of 80 m/min.-180 m/min.

25

13

Surface roughness (Ra) {micro m)
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0.5
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A Cutting speed (Vc) (m/min)

Figure 4.7: Effect of Depth of Cut and Cutting Speed on Ra

But, roughness of surface rises to 2.7 um at high
level of feed rate (0.32 mm/rev.). At a cutting
speed of 80 m/min., roughness of surface (Ra)

value is greater, but at 130 m/min., it drops to
1.78 um, followed by a little higher cutting speed.

The impact of speed and cuts depth on Ra is
shown in Figure 4.7. The impact was comparable
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to the effects of feed rate, as, at lower speed of
cutting, Ra is higher, and as the speed increases,
up to 130 m/min. values of Ra decreases. But with
the further increment of speed of cutting does not
have a noteworthy effect on Ra.

Whereas on other hand, the cuts depth (d) has a
significant influence on roughness (Ra). At lower
depth of cut (0.2 mm), surface roughness is nearly
2.23 um, while with rise in cuts depth, roughness
increases up to 2.98 um. As illustrated in Fig. 4.7,
the lowest roughness of surface was achieved by
low depth of cut and speed of cutting.

4.3 Multi-Response Optimization of Turning
Parameters

For optimizing turning variables for AISI Hi1
multi-response optimization using desirability
function was employed with uncoated carbide tool
to achieve minimal tool flank wear (VB) and
surface roughness (Ra) using textured tools. The
numerical optimization algorithm seeks a set of
factors levels that simultaneously satisfies the
criteria placed on each response factor with
highest combined desirability. The various
constraints applied throughout the optimization
process are described in Table 4.9.

Table 4.9: Constraints Applied for Optimization of Turning Parameters

Constraints Goal Lower Limit Upper Limit
Cutting Speed (m/min.) is in range 80 180
Feed rate (mm/rev.) is in range 0.16 0.32
Depth of cut (mm) is in range 0.2 0.5
Flank wear, VB (um) minimize 1.74 3.33
Surface roughness, Ra (um) minimize 1.78 2.98

The cutting parameters were determined to be optimal as: cutting speed (Ve = 86.61 m/min.), feed rate
(f = 0.16 mm/rev.) and depth of cut (d = 0.2 mm) with projected optimum value of VB = 1.82 um and
Ra = 1.79 um at a desirability level of 0.967 (Table 4.10; Solution no.1).

Table 4.10: Optimization Solutions

ittty Feed rate
Speed VB (um) Ra(um) Desirability Remarks
(m/min.)
1 86.616 Selected
2 87.054 0.160 0.200 1.824 1.795 0.967
3 87.573 0.160 0.200 1.830 1.790 0.967
4 85.628 0.160 0.200 1.808 1.808 0.967
5 88.012 0.160 0.200 1.835 1.787 0.967

4.4 Confirmation Tests

Confirmation tests (replicated thrice) have been
carried out under the same experimental settings
and tooling circumstances, with suggested
optimal levels of machining variables. Table 4.11
demonstrates the error between the expected
response and the experimental results from
validating the precision of the mathematical
model created for both VB and Ra during the
confirmatory tests within the 95% prediction
range, illustrated in Table 4.11.
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Table 4.11;

Response factor

RSM

Predicted

value

Tool flank wear (um) 1.82

Results of Confirmation Tests

Results obtained at machining parameters
(86.6 m/min., 0.16mm/rev. and 0.2 mm)

Error
(%)

Experimentally
observed value

1.89 3.84%

Surface roughness (um) 1.79

1.87 4.47%

V. CONCLUSION

In this study mathematical models has been
developed for turning AISI Hi1 steel using
uncoated carbide textured (dimple shape) tool to
analyse the effect of variation of i.e. cutting
speed (V,), feed rate (f) and cutting depth (d) on
output responses viz. tool flank wear (VB) and
surface roughness (Ra) using RSM. The
following conclusions are derived:

a) ANOVA results reveals A, B, C, AB, AC, BC,
A2, B2, and C2, are the statistically significant
parameters for both output responses i.e. tool
flank wear (VB) and roughness of surface
(Ra).

Wear of tool initially decreases to some
extent with rise in cutting speed at all feed
rate range at about 80 m/min., and increases
quickly with cutting speed rise. Wear of tool
shows similar behaviour with change in feed
rate from 0.16-0.32 mm/rev. for all speed
range for cutting. Maximum wear on flank of
tool occurs at maximum cutting speed of 180
m/min. and maximum feed rate of 0.32
mm/rev. Wear at the tool flank (VB)
significantly rises with rise in cutting depth
i.e. from 0.2-0.5 mm and speed range i.e.
from 80-180 m/min..

At low level of feed rate i.e. at 0.16 mm/rev.,
roughness of surface (Ra) decreases with rise
in cutting speed from 80-180 m/min.
However, at high value of feed rate (0.32
mm/rev.), Ra is high at low cutting speed i.e.
80 m/min.., but as the speed of cutting rises
roughness of surface become stable. The
value of Ra increases significantly with
change in feed rate from 0.16 to 0.32
mm/rev, at range of speed. Cutting depth

b)

c)

d)

e)

1.

also significantly affect Ra, at low cutting
depth i. e.0.2mm, Ra is 2.23 um, whereas
increase in cuts depth it rises to 2.98 um.
Best value of surface quality is achieved
corresponding to combination of lowest feed
rate and cutting depth with highest speed of
cutting.

The optimized machining parameters for
minimizing wear of tool and roughness of
surface are approaching: cutting speed (V. =
86.61 m/min.), feed rate (f = 0.16 mm/rev.)
and cutting depth (d 0.2 mm) with
predicted optimum value of VB = 1.82 um
and Ra = 1.79 um at desirability level of
0.967.

Confirmation tests validate accuracy of the
RSM generated models. The results show
3.84% and 4.47% error between predicted
and experimental observed values of VB and
Ra, respectively.
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