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CHAPTER |

INTRODUCTION

1.1 Introduction

Microelectronics has been involved every feature of modern life. We cannot
explain which the world does not have computers, notebook, televisions, mobile
phones, etc. Recently, microelectronics technology continues to the central nerve of
the modern world. Hard disk drives (HDD) have been a main of empowerment
electronic data storage technology [1]. The manufacturing process of HDD has been
developed by the demand for high recording data. Lapping process is a common
process in HDD manufacturing to produce desired surface roughness, dimension,
surface topography as well as magnetic property of read-write head (slider) that
matched the design criteria and can be assembled to products.

In final lapping process, the standard glycol-based lubricant (SL) was normally used
to reduce the damages and defects due to the friction and heat at the contact surface
between the specimen and the lapping plate. The flow of lubricant can also help to
remove debris out from the contact surface during the lapping process. However,
debris and particles of removed materials can re-deposit back on the surface of the
specimen and causes contamination problems. To solve this contamination issue
without introducing any side-effects, the composition of standard lapping lubricant was
focused and considered. Since the lapping lubricant comprises several additives such
as surfactant, corrosion Inhibitors, wear inhibitors and viscosity index improvers,
functional surfactants were considered to be added into the standard lubricant to
solve the contamination problem during lapping process due to debris and particle
redeposition. Surfactants with multiple characteristics have been normally employed

in industrial as cleaner, detergent, emulsifier, dispersant, solubilizer, etc. [2]. The main



function of surfactant occurs form the existence hydrophobic and hydrophilic structure
on the same molecule, that makes the molecule form aggregated structures, micelle
at specific concentration, known as the critical micelle concentration [2]. There are
several types of surfactants; non-ionic, anionic, cationic and amphoteric surfactants.
The 3 different non-ionic surfactants were chosen in this work, ethoxylated alcohols
(EAL), polyethoxylate alcohol (PEAL) and polyoxyethylene sorbitan monolaurate (PO).
These 3 non-ionic surfactants have been widely used in many fields because of their
good dispersion, emulsification and surface cleaning properties [3-6]. For cationic
surfactants, cetyltrimethyl ammonium bromide (CTAB) and quaternary amines (QA)
were chosen. These 2 cationic surfactants are commonly used for detergent boosting,
corrosion inhibition, anti-static ingredients and emulsification [7]. For amphoteric
surfactant, alkyl ethoxylated amine oxide (AAO) was selected which its properties are
detergent and oxidation resistance [8].

In this work, functional surfactants were added into standard lapping lubricant to
form their characteristics of the modified lubricants were investigated to fine the
optimal condition to solve the metallic contact contamination during lapping process
due to debris and particle re-deposition. The effects and mechanisms of surfactants in
modified lubricants were investigated in different perspectives, including the anti-metal
deposition, micelles formation above the critical micelle concentration and

anticorrosion function.

1.2 Objectives

To study the effect of surfactants that were added into standard glycol-based
lubricant can reduce and protect the slider surface from contaminant deposition and

improve properties of modified lubricant at the same time.



1.3 Scope of this work

1.

Verify surfactants that are used appropriately with lapping lubricant for slider
lapping process.

Investicate the effects and mechanisms of surfactants in modified lapping
lubricants.

Compare the efficiency of modified lubricants and provide the suitable
lubricant for slider lapping process that can avoid the contamination problem

during lapping process due to debris and particle re-deposition.



CHAPTER Il

THEORY

2.1 Hard disk drive (HDD)

Data storage devises are a major technology, capacitate the digital universe due

to the increasing volume of the data-storage devices.

Hard disk drive (HDD) is mainly used in the purpose of storage huge data
information such as social network applications, internet services, mobile devices and
massive data analytics. This means that the component parts inside HDD (head and
disk) have to be developed to increase the larger data capacity. Figure 2.1 illustrates a

hard disk drive with the important components parts [9].

Head Gimbal Assy (HGA

Voice-Coil
Motor Tt = . LTI
(vem) : S T
Electronics
*GHIR = Giant Magneto Resistive Recording Medium

Figure 2.1 The structure and components in a hard disk drive [10]



The suspensions, which it has magnetic heads, were moved back and forth on the
magnetic disk surfaces by the actuator motor. The head use magnetic fields to
write/read data on the magnetic disk by using magnetic read-back sensors. The
nanotechnology is used in the reading sensors, such as tunneling magneto-resistive
heads. The disk is rotated by the spindle motor, underneath the head, which slider is
attached on move along the disk surface. Moving of slider on the disk surface is a
reading/writing data process. The surface of slider consists of many thin film layers
(thin cushions) and the thickness of cushions is in the range of nanoscale. While slider
fly on the spinning disk, it will create the air gap which is called “air bearing surface or
ABS”. ABS support the slider close to but not touching the disk surface during reading
and writing data. The circuit on the board of electronics HDD runs data into signals
which are written on HDD or get the electronic signals from the reading sensors and

shows it into digital data for the device using the hard disk drive [11, 12].

The performance of modern magnetic recording head (slider) is improved
continuously, to increase the recording density up to the demand. The surface
morphology of the slider consisting of many layers of thin film material such as AlLOs-
TiC (ALTIC) for substate, cobalt-iron (CoFe) for writer and copper for reader, and nickel-
iron (NiFe) of shield. Apart from the several types of materials, they are various physical
properties. For instant, the hardened of ALTIC is much larger than NiFe and CoFe alloys

[13]. The diagram of alloy multilayers of slider is shown in Figure 2.2.
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Figure 2.2 The diagram of alloy multi-layers of slider [13]

2.2 Slider lapping Process

The slider fabrication processes comprise of many procedures, as illustrated in
Figure 2.3. First, each wafer that contained multilayers of alloy was loaded and ground
wafer backside to decrease from initial wafer thickness to desire slider length. After
that, the wafer was cut into individual row bars from wafer sectioning. The row bars
were lapped on the back side to the specific thickness with stress management. Later,
row bars were annealed at high temperature to reduce stress, which created during
wafer sectioning and grinding processes. Next, the row bars were boned with wire on
adhesive row tool and their thickness were rapidly decreased by removing material
surface using lubricant and diamond slurry for rough lapping process. The final lapping
process was used to control the surface roughness and morphology by using the

standard slycol-based lubricant to controlling corrosion, workpiece surface finishing,



and material removal rate [14]. Last, all row bars were deboned and led to cleaning

room for the next process.

Wafer
Loading

—_—

Final

Lapping

Figure 2.3 The slider fabrication process [14]
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In the crucial final lapping process, there are many significant factors that affect

the lapping performance and surface finishing, such as lapping plate, size of abrasive

grains and lubricant. The based material of the lapping plate is Bismuth-Tin alloy with

diamond abrasive grains imbedded on the surface. The lapping machine with the

lapping plate is shown in Figure 2.4.



Figure 2.4 The lapping machine in the final lapping process [14]

2.3 Lubricants

The major functions of lubricants not only reduce the friction and wear, but also
transfer heat, eliminate contaminant suspension, and protect corrosion between the
surface of the materials [15]. There are various kinds of lubricant such as oil-in-oil
emulsions (applied in metalworking), oil-in-water emulsions (used in water-miscible
cutting fluids), water-based = solutions (applied in chip-forming metalworking
operations), water-in-oil emulsions (as in metal-forming), greases and solid lubricants

[16].

Generally, Lubricants consist of based lube 70-95% and additives 5-30%, depends
on the application. However, the based lubricant can be divided into 3 groups by their
based lube as: petroleum-based, synthetic-based and environmental-based lubricants
[17]. Moreover, the additives are the chemical compounds that were added into based-
lubricant. Additives can create functional effects in lubricant in order to adjustment
the performance of lubricant. The types of additive are diverse and shown in Table

2.1 1171



Table 2.1 Major additive classes in lubricant [17]

Additive Typical chemical Objective
Less reactive sulfur and To reduce wear form
Anti-wear
phosphorous compounds wear-resistant reaction

To prevent the oil

Antioxidant Amines and phenolics
lubricants from oxidation
To collet contaminant
Detergent Sulfonates, phenates
suspension in motor oil
To reserve the contami-
Dispersant Succinate esters, Succinimides,

nant in suspension

To form thin films on the
Friction modifier | Esters and Long-chain fatty acids
surfaces for easily shearing

To protect scraping by
Extreme
More reactive sulfur compounds | chemical reaction and
pressure (EP)
providing protection

Viscosity index Polyalkyl methacrylates, olefin To improve the VI to

(Vi) copolymers, provide higher value

To functions as anti-wear
Multifunctional | Zinc dithiophosphates

and antioxidant; invariably
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2.4 Surfactant

Surface active substances or surfactants are a large number group of cleaning
applications. Surfactants paly important role as detergents, wetting agents, emulsifiers,
foaming agents, and dispersants. Most surfactants can generate self-assembled
molecular clusters that was called micelles in a solution (water or oil phase), then the
micelle adsorb to the interface between a solution and a different phase (gases/solids)

[18].

2.4.1 Structure of surfactants

The structure of surfactant molecules comprises at least two parts which are the
hydrophilic part and the hydrophobic part. The hydrophilic part is soluble in water and
the hydrophobic part is insoluble. Moreover, the hydrophilic part is often referred as
the polar head group and the hydrophobic part as the non-polar tail. The hydrophobic
group is normally a hydrocarbon chain and the majority of these are linear for

biodegradability demands. The structure is shown in Figure 2.5.

Qe

Hydrophilic head Hydrophobic tail
(Polar) (Non-polar)

Figure 2.5 Structure of surfactants



11

2.4.2 Types of surfactant

These categories of surfactant are determined following to the type of ion that is
soluble in water. Surfactant which can dissolve in solution and provide the negatively
charged is called anionic surfactants. While cationic surfactants offer positively charged.
Some surfactant has only tendency of electrical heads, not a full charge that is a
nonionic surfactant. Another surfactants, the polar group can convert from negative to

positive charged depending on the pH of solution.

Here are examples of four major classes of surfactants which applied in industry.

These are: Amphoteric

% Anionic surfactants

Anionic surfactants are dissolved and their molecules isolated into anion in
solution. They are the widely consumed surfactants that include alkylbenzene lauryl
sulfate (foaming agent), sulfonates (detergents), lignosulfonates (dispersants), and di-
alkyl sulfosuccinate (wetting agent) as seen in Figure 2.6. Anionic surfactants are

employed around 50 % of the world manufacture [19].

R—O0—SO0 R—S0; R ,{0\/1\ O/S_Os
n

Alkyl sulfonate Alkyl sulfonate
Alkyl ether sulfate

(Used in shampoo) (Used in cosmetic)
(Used in shampoo,

liquid soap)
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O O

CH3 CHB
N-Alkyl-N-methy taurate Alcylcarcosinate
(Used in toiletry product) (Used in toothpastes, care product)
SO;

Alkyl benzene sulfonate

(Used in textiles, shampoo)

Ao Ao

Alkylaminde ether sulfate

(Used in care product)

O -~
\/\M \/1\0
n
Ether carboxylate

(Used in cosmetics)

Figure 2.6 Anionic surfactant surfactants [20]
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% Cationic surfactants

Cationic surfactants are contained a positively charged head, for example, a
quaternary ammonium with alkyl chain group and fatty amine salts. The most
advantage of cationic surfactants were found as a bactericides product for anti-
microbials or anti-fungals. They are not good at foaming agents or detergent but their
positive charge can adsorb on negatively surface, as the solid metal. Then, they can
act as corrosion inhibitors, solid particale dispersant as well as floatation collector. The

typical of cationic surfactant is as shown in Figure 2.7.

s
ITJ—CH3 cl
CHj

Alkyl quaternary ammonium salts

(Used in fabric softeners)

CHj . / \
|+ H2 N
R—ITI—C
CHj
_ . Alkylpyridinium
Alkylbenzydimethylammonium

. . (Used in cosmetic, hair
(Used in cosmetic)

treatment, mouthwash)
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+ / -
CocHor—C j H,COSO;

\/\
H/IJ)\CHH:&

Quaternary imidazolium compounds

(Used in fabric softeners and antistatic agents.)

Alkyldimethylamine oxide
(Used in cosmetic, lotions)

Figure 2.7 Cationic surfactants [20]

/ . .
** Nonionic surfactants

Nonionic surfactants are used in worldwide. Their hydrophilic part usually produces
no charge in solution [20]. Since, their hydrophilic group (alcohol, phenol, ether, ester
or amide) is not dissolve in solution, they hardly ionize in solution. A major proportion
of these nonionic surfactants are made hydrophilic by a presence of polyethylene
glycol chain that are called polyethoxylated nonionic. While some nonionic surfactant
such as glucoside (sugar based) are shown lower toxicity, they are applied in many

field [19]. The example of nonionic surfactant’s structures is as shown in Figure 2.7.



R—OH R—O—(CHZCHZO)HH
Alkyl Alcohols Ethoxylated alkyl Alcohols
(Used in cosmetic) (Used in low-foaming agents,
? R T cHcH,oH C”) _CHyCH,0H
R—c—NiR R—C—N\H R—C—N_
CH,CH,OH
Alkyl amides

Alkyl monoethanolamide Alkyl diethanolamides

(Used in shampoo, - ,
(Used in cosmetic) (Used in shampoos,

hair conditioner)
cosmetic)

OH O
R OH R@—(OCHZCH H
o O "

Alkylphenol

Sorbitan esters Ethoxylated alkylphenol

(Used in low-foaming

(Used in cosmetic) (Used in shampoo)

agents)

CHs
HO{—CHQCHQO)-GCH2(|3HO7\6CH2CH20)—H

Ethylene Oxide/Propylene Oxide Copolymers

(POE/POP, used in cosmetic, detergents, emulsifiers

and antistatic agents.)

Figure 2.8 Nonionic surfactant surfactants [20]

15
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< Amphoteric /Zwitterionic surfactants

Amphoteric or zwitterionic surfactants have both functional group cationic and
anionic that mostly depend on pH. When solution is acidity, surfactants paly as
cationic. Another pH, basicity solution allow surfactant to anionic. They are applied as
hair and fabrication conditioner, antistatic additive, detergent and foaming agent [19-

20]. Some of amphoteric surfactants are shown in Figure 2.9.

CHy 1,
| /C\ -
co0

N
+
H,C ﬁ/\/ \CHg

Alkylamidopropylbetaine

(Used in cosmetic, toiletry products, shampoo)

CHs

J
HsC
3 n T\/\SOQ

CHz
Alkyldimethylsulfobetain

Cocamidopropyl betaine

(Used in facial cleanser, hair conditioner)

Figure 2.9 Amphoteric (zwitterionic) surfactants [20]



17

2.5 Micelles

2.5.1 Micellization

One of the most significant characteristics of surfactants is that when they reach a
certain concentration, the surfactant molecules associate and create a micelle (in most
cases a spherical micelle), a self-assembled molecular cluster. The critical micelle

concentration (CMC) is defined as the concentration where surfactants form micelles.

The key to forming micelles in aqueous solutions is the interaction between
hydrophilic and hydrophobic, which this interaction will increase entropy in the water

molecules that interact with these surfactant molecules.

The adding surfactants into water, the water molecules surround the hydrophobic
groups create an iceberg structure, causing the entropy of the water molecules to
decrease. As the concentration increases and the number of surfactant molecules
increases, the hydrophobic groups encounter each other and start to associate, causing
the iceberg structure to collapse and release free water. When free water is released,
the entropy of water molecules increases (the decrease of entropy caused by the
association of hydrocarbons is significantly smaller than the entropy increases of

water), and this energy triggers micellization [21].

A surfactant shows different properties in aqueous solutions when it exists as single
molecules and when they reach their micellization concentration, so the CMC can be
determined by observing the solution’s conductivity, surface tension, osmotic pressure

and etc.


https://sabaidict.com/th/en/th/significant
https://sabaidict.com/th/en/th/establish
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Monolayer

level —,
adsorption

Micelle

Bi-layer,
multilayer,
or surface
micelle
surfactant
adsorption

Substrate Substrate

Far below CMC Slightly below CMC Above CMC .

Figure 2.10 Schematic illustrating the surfactant aggregation and adsorption as a

function of relative surfactant concentration of relative surfactant concentration [21]

Above the CMC value, the monomers aggregate to form micelles. Such a self-
organization (Figure 2.10) is a reversible process and it depends on the thermodynamics
of the solution. Under low concentrations, the block copolymers occupy as monomers
and above CMC the entropy of the system decreases, owing to the molecular
organization of the solvent. Then, dehydration of the hydrophobic tails tends to block
copolymers aggregating to form micelles, an increase in entropy occurs, favored by
hydrophobic interactions between block copolymers. Additionally, the formation of
Van der Waals bonds allows the hydrophobic polymers to join and to form the micelle
core. The result of hydrophilic shell regenerate hydrogen bond networks with the

surrounding water [21].

The value of CMCis an important parameter in many industrial applications
involving adsorption of surfactant molecules at interfaces, such as foams, froths,
emulsions, suspensions, and surface coatings. It is probably the simplest means of
characterizing the colloid and surface behavior of a surfactant solute, whereas

determines its industrial advantage.


https://sabaidict.com/th/en/th/advantage
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2.5.2 CMC measurement
The CMC can be determined from the breaking or inflection point in the plot of a
physical property of the solution as a function of surfactant concentration. Clear breaks

of almost every measurable physical property are shown in Figure 2.11[22].

osmolic pressure

turbndit
4 salubilization

magnelic resonance

surface tension

eguivaient
conductivity

self =diffusion

concentration

Figure 2.11 Change in concentration dependence of a wide range of physico- chemical

quantities around the critical micelle concentration [22]

2.5.3 Steady-state fluorescence intensity

The CMC can be measured by Fluorescence spectroscopy [23]. Pyrene has been
used for more than a half decade as fluorescent probe par excellence for
microheterogeneous systems such as micelles [24]. The fluorescence intensity of
pyrene in the solvent polarity is widely used for the determination of the CMC of
micellization. The photophysical behavior of pyrene in microheterogeneous systems
has been the object of many detailed studies and reviews. The fluorescence spectrum
of pyrene shows characteristic vibronic bands around 370-400 nm. The diffusion-

controlled formation of excimers quenches the pyrene fluorescence emission. The
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ratio of the fluorescence intensities of the first and third vibronic bands of pyrene (I1/15
ratio) was observed. The break point in the plot of 1,/15 ratio vs calixarene concentration
furnishes the CMC value. Figure 2.12 describe the determination of the CMC of
adenine 20 deoxynucleotide calixarene by pyrene fluorescence spectroscopy method

[25].

11,

1,20 \

L
\ e
1.104 ot

— %
_".,I —— ., .

W
DoOD 020 D40 0.0 D80 1.00

Concentration (mi)

Figure 2.12 Determination of CMC of adenine 20-deoxynucleotide calixarene by using
fluorescence spectroscopy. The plot intensity of I/l ratio vs adenine 20-

deoxynucleotide calixarene concentration; [pyrene] 0.5x10°M, excitation 333 nm [25].

2.6 Characterization

2.6.1 Scanning Electron Microscopy (SEM)

The scanning electron microscope (SEM) is used for the multipurpose and the
schematic of SEM is as shown in Figure 2.13. It can be identified the microstructure
morphology and chemical composition characterizations [26]. Electrons are produced
at the electron gun filament and passed through electron lenses to create a focused
beam of electrons which emitted the surface of the specimen. Position of the electron
beam on the sample is controlled by scan coils situated above the objective lens. The
beam is allowed to be scan over the sample’s surface by these coil [27-30]. Presently,

SEM usually assigned with an EDX analysis system to perform compositional analysis


https://sabaidict.com/th/en/th/describe
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on samples. EDX analysis is beneficial in identifying element and composition, as well

as calculating their relative concentrations on the surface [31].

Electron —
source 4l ;
_ .

Anode

A, —

Scan generator
T

Condensor
lenses

Amplifier

X, scanconls
Objective y

lens

Back-scattered
electron detector
e ‘ /

salecior _% ‘ 4 Secondary
e \ i f electron detector

/,) ”

F

T\l
: Vg == Sample
—

I coried siage

Figure 2.13 Structure of SEM [26]

2.6.2 Fluorescence microscopy

The fluorescence microscope certain material emits energy detectable as visible
light when irradiated with a specific wavelength of the light (see Figure 2.14). The
sample can be fluorescing in its natural form like chlorophyll and some minerals or
retained with fluorescing chemicals. Light of the excitation wavelength illuminates the
specimen through the objective lens. The fluorescence emitted by the specimen is
focused to the detector by the same objective that is used for the excitation. Since
most of the excitation light is transmitted through the specimen, only reflected
excitatory light reaches the sample together with the emitted lisht and the

epifluorescence method therefore gives a high signal-to-noise ratio. The dichroic beam
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splitter acts as a wavelength specific filter, transmitting fluoresced light through to the
eyepiece or detector, but reflecting any remaining excitation light back towards the

source [32-34].

detector

ocular . )
/em|55|on filter

——

dichroic mirror
—

=
=
=]

light source

excitation filter

objective

specimen

Figure 2.14 Schematic of a fluorescence microscope [35]

2.6.3 Quasi-static test (QST)

Quasi-static Test or QST is a measurement system to analyze the electrical
performance of a slider. QST is used as guidance to screen out sliders with poor
electrical performance of magnetic head. MRR and Amplitude are important
parameters that obtained from the QST. MRR or Magneto Resistive Resistance is a
measurement of resistance across the shield of MR element. Low MRR indicate that
there is some bridging or smearing of the shield causing high electrical conductivity. In
this work, the percentage of the change in MRR (%AMRR) is calculated. The schematic

measurement diagram of QST is shown in Figure 2.15.
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Magnet
Controller

Heater

Figure 2.15 Schematic measurement diagram of QST [14]

2.6.4 Corrosion

Corrosion is another kind of redox reaction. Corrosion occurs from the destructive
attack of metals by chemical or electrochemical reaction with the environment. The
metal formed oxidation and occur at anode, while protons receive electrons as
reduction for cathode [36, 37]. Polarization is a common method used to explain the
corrosion behavior of metal or material and its environment using kinetic principles. In
this measurement, the potentiodynamic polarization curve is obtained. Corrosion
current density (icor) is a corrosion current divided by corrosion surface area. Corrosion
current density and corrosion potential (E,,) are estimated by the method of linear-
polarization of Tafel extrapolation [38-40]. Corrosion rate is a significant parameter for
measuring the effect of lubricant on the corrosion of metals, which can be calculated

from Equation 2.1 and 2.2 [38-40].
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__ 013X icorr XEW

CR = : 2.1
P
EW = ;,f, 2.2
) jli‘

When, CR = Corrosion rate (mm/year)
icorr = Current density (uA/cm?)
EW = equivalent weight of metal (g/equivalent)

p = density of metal (g/cm?)

2.6.5 Tribology

Tribology is the science that focused on friction, wear and lubrication. It studies
the interaction of moving during the contacts of two material surfaces. Tribology
solutions are applied in automotive industry, sports, food, health and biomedicals,
renewable energy and other various fields. The importance of tribology rises due to
the fact that frictional and wear losses consume energy, which otherwise could be

saved [41].

Friction is a force that resists the motion. Friction force is occurred at the interface
between the materials. The surface contact area of the object has normal force (F,).
When two objects are in contact motion, the friction force (Fs) will be occurred the
frictional force (Fs) depends on the applied normal force (F,) and is described by
Equation 2.3. Where i is coefficient of friction (COF) [41-43] and Illustration of basic

frictional forces is shown in Figure 2.16.
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Figure 2.16 Illustration for applied the basic frictional forces [41, 43]

One of the simple ways for measuring the static COF is ball-on-disk tribometer.
Tribometer is the device used to analyze and characterize tribological parameters (see
Figure 2.17). The most common measurement is the measurement of COF. During the
post processing stage other quantities can be measured, such as wear volume, surface
roughness evolution, tribofilm thickness, etc. There are many types of configuration of
tribometer devices such as a pin-on-flat, pin-on- disk, ball-on-disk or sphere-on-ring.
For the ball-on-disk tribometer, the sample disk is rotated at a selected speed. The
normal force will be applied through the ball. The friction track formed by the ball on
the sample. The COF is determined during the test by measuring the signal from force

sensors [44].
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Figure 2.17 Schematic diagram of the ball-on-disc point contact device [45].

2.7 Literature reviews

The studied of attached Bi have been done by many researchers. The bismuth in
pharmaceutical products was determined by using methyltriphenylphosphonium
bromide as a molecular probe based on the resonance light scattering (RLS) technique
that were studied by Fengling C. and et al. [46] in 2007. To form [Bild] -, bismuth
reacted with a large excess of I. Then, it reacted with methyltriphenylphosphonium
bromide (MTPB) in order to form an ion-association compound. This led to a significant
enhancement of RLS intensity and the appearance of the corresponding RLS spectral
characteristics.The concentration of Bi (Ill) in the range of 0.001-1.50 pyg/ml affected
directly to the enhanced RLS intensity with the detection limit of 0.98 ng/ml. The
optimum conditions and the influencing factors were investigated and it was found
that the characteristics of RLS spectra were high selectivity. Moreover, this method was

applied to determine concentration of Bi (lll) in pharmaceutical products.
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In 2011, Didi M. and et al. [47] studied two-aqueous phase extraction of bismuth
(I as a solute from its aqueous solutions. It was investigated by using polyethoxylated
alcohols (C12E10, C13E10). The structure showed in Figure 2.18. They act as a
biodegradable non-ionic surfactant by cloud point extraction (CPE) that can be applied
for the extractive concentration, separation and purification of metal ions, metal

chelates, biomaterials and organic compounds.

(a) C12H25_O/\,O\/\O/\,O\/\O/\,O\/\O/\,O\/\o/\,o\/\OH

(b) C13H27_OV\O/\/O\/\O/\/OV\O/\’O\/\O/\/O\/\O/\/OH
Figure 2.18 a) C13E10 is decaethylene glycol monotridecyl ether. b) C12E10 is

decaethylene glycol monododecyl ether.

100 100
_o—a- 1)
L —r—0—0—"
80 80 .d_——.“f_'
= eof = e
= 1 =
e - o8¢0 @
> s e—% > 40 - )
.,——I—I—I——l
@) —a
- —0 | ]
20 g a—0 (3) 0 r 3
e —h— A —AT—A N W S ) 1Y
1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7
wt % of C13E10 wt % of C12E10

Figure 2.19 The effect of non-ionic surfactant on the extraction vyield in
H,O/surfactant/Bi3": (1) C13E10 at 60 °C for 5% of NaCl, (2) C13E10 at 69 °C and C12E10

at 97 °C for 0% of NaCl, (3) C12E10 at 70 °C for 10% of NaCl
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The results of the experiments were shown in Figure 2.19 and carried out and the
percentages of extraction vary from 34% to 86%. The optimal condition is the
concentration of the surfactant C12E10 at about 1%wt, a 5 %wt of NaCl, a temperature
below than 5°C to the cloud point of surfactant used (T=70°C) and times of

decantation at 24 hours.

Then, emulsion liquid membrane (ELM) technique from nitrate medium based on
the optimization of experimental parameters, that were used to extract Bi (Ill), were
studied by Mokhtari B. and Pourabdollah K. in 2015 [48]. This technic used di(2-
ethylhexyl) phosphoric  acid (D2EHPA) as carrier and isooctylphenoxy-
polyethoxyethanol (Triton X-100) as biodegradable surfactant. The results showed in
Figure 2.20. Bi (Ill) was extracted with D2EHPA that fixed on an Amberlite XAD-1180
solid support. The addition of saoking aqueous volume declined the sorption of Bi (lll).
Moreover, the antagonistic effect on the cation sorption was observed by adding
sodium chloride. Measurement of trace amounts of Bi (lll) had expanded by cloud
point extraction (CPE) followed by flame atomic absorption spectrometry. The Bi (Ill)
ions were extracted by 100% in this study. The liquid membrane was becomed from
1% D2EHPA with Triton X-100 (0.5%) in the n-pentanol bulk membrane. The emulsion
was operated with sulfuric acid solution (0.5 mol-L™*) under 1800 r-min" of stirring for
20 min. The best extraction of Bi (Ill) ions from nitrate medium was provide by using
1

350 mg-L ™" feed concentration and 30 minutes of equilibrium time under 210 r-min~

of stirring.
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Figure 2.20 Effect of ratio D2EHPA/Triton X-100 on the extraction of Bi (lll). Stripping

solution: 4.5 ml of H2504 (0.5 mol.L™); stirring: 210 r-min; [Bi3'] = 500 mg-L ™.

The affection of the ratio D2EHPA/Triton X-100 on Bi (lll) extraction was studied
(see Figure 2.14). The concentration of extractant was fixed and the concentration of
surfactant was varied. The liquid membrane was upon dichloromethane as diluent.
Figure displayed that the extraction yields of Bi (lll) enhanced with the ratio

D2EHPA/Triton X-100 in both cases, reaching about 80%.

In 2015 Ponzoni C. and et al.[49] studied electrostatic stabilization of bismuth
ferrite BiFeOs (BFO, see Figure 2.21). To investigate forming homogeneous films through
electrophoretic deposition technique, they first did the experiment in aqueous
medium and using sodium polyacrylate (Na-PAA) as suspending agent which these
solutions contain single phase micronized particles suspended. The dispersion
efficiency was calculated in terms of the zeta potential trend as a function of pH and
sediment percentage. It employed a fast and simple spectrophotometric method. All
the tests were conducted using three suspending agents characterized by the same
polyacrylate functional group (-COONa) but with different molecular weights (Na-PAA

Mw 2,100, 5,100, and 20,000). They studied the effect of of BFO particles concentration
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(%wt) on suspending agent concentration (%wt), suspending agent molecular weight
and sonication time. It was found that for all the experiments carried out the
electrostatic stabilization of the BFO micronized particles in aqueous medium. It is
achieved in high basic pH range (8.5-9 or 9-11) to depend on the molecular weight of

the polyacrylate additive.

Figure 2.21 Structure of bismuth ferrite BiFeOs suspensions in aqueous medium

According to Shubha H.N. and et al. [50] work, they studied another surfactant
which is cetyl-trimethyl ammonium bromide (CTAB). They focused to empower the
corrosion resistance property by self-assembled monolayer (SAM) on mild steel. There
are two parameters (pH and time) that were optimized. The results form SAM with the
condition of 1 mM solution of CTAB at pH 2.5 for 2 hours demonstrated a regimented
monolayer. Polarization and electrochemical impedance spectroscopic (EIS) were
studied for an important enhancement in the corrosion resistance property on
protected steel within conditi9on of both 1 M HCl and 3.5% NaCl solution. The surface
from CTAB experiment reduced the corrosion rate about 4 times in 1 M HCl and 1.5
times in 3.5% NaCl media as compared to bare steel respectively. Electron micrographs

from SEM confirmed a small amount of CTAB can protect surface.
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CHAPTER Il

THE EXPERIMENTS

3.1 Materials

The slider bars consist of many thin films of materials, grown on Al;0O, (ALTIC) and

ALTIC with iridium-manganese (IrMn) were supplied by Western Digital (Thailand) Co.,

Ltd.

3.2 Chemicals

—_

Glycol-based lubricant (Innovative Organics Company)

Ethoxylated amine oxide, EAO (Saint Gobain Ceramic Materials)

Ethoxylated alcohols, EAL, Tomadol 900 (Air Product industry co. (td)
Decaethylene glycol monododecyl, PEAL (Sigma Aldrich)

Cetyltrimethyl ammonium bromide, CTAB (EMD chemical; Germany)
Alkylated amineoxide, AAO, Tomamine AO-14-2 (Air Product industry co. ltd)
Quaternary amines, QA, Tomamine Q-14-2, (Air Product industry co. ltd)

©® N o R LN

Polyoxyethylene-(20)-sorbitanmonostearate, Tween 20, PO (Chemipan
Corporation Co., Ltd., Thailand)

9. Glacial acetic acid (Merck, 100%)

10. Potassium hydrogen phthalate, KHP (Merck, 99%)

11. Chlorobenzene (Merck, 99%)

12. Perchloric acid (Merck, 70-72%)

13. Pyrene (TCL, 99%)
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3.3 Deposited contaminant analysis

3.3.1 Deposited contaminant characterization

The electroplating experiment was set up to duplicate an electrostatic deposition
occurred during the lapping process. The Cu electrical plate (1x0.5 cm) and a piece of
Bi/Sn lapping plate were used as cathode and anode, respectively. The sludge was the
used standard slycol-based lubricant that contained many particles such as heavy
metals, debris and dust. The sludge was directly collected from lapping process of
sliders, in order to use as electrolyte as shown in Figure 3.1. To verify the black
deposited contaminant on surface. The voltage was operated at 2 V for 5 hours and
at 4 V for 2 hours, in electrodeposition process. Then, the Cu plate was annealed in
oven 24 hours and analyzed the surface by using JEOL JSM-7610F field emission
scanning electron microscopy (FESEM) and Oxford X-MaxN 20 energy-dispersive X-ray

spectroscopy (EDS).
— |i|l——

Cathode

Anode ‘i

.
.

Sludge

=
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Figure 3.1 Schematic of deposited contaminant characterization



3.3.2 Surface deposition characterization

The surface of the specimens was studied by electroplated of the sludge mixed
with various surfactants, as electrolyte, on the Cu test specimens (Figure 3.2). The
surfactant concentration for each electrolyte was fixed at 1.0 %wt. Electrodepositing
was carried out at voltage at 1.5 volts for 20 minutes. After that, the surface was

investigated by using JSM-5410 LV scanning electron microscope (SEM), operated at

15.0 kV of an accelerating voltage.

1.5 volts, 20 minutes

Anode |I|I|l

Sludge + 1%wt surfactant

Cathode

i

0.5

cm

0.5cm

Figure 3.2 Schematic of surface characterization
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3.4 Functional surfactant mechanism studies

The fluorescence studies were investigated, according to Prasun et al [51]. The
characterizations were performed, using a Cary Eclipse, Algilent Technologies
spectrophotometer. Stock solutions of pyrene (1x10” M) were prepared in ethanol,
and the last concentration of pyrene was fixed at  1x10° M for all experiments. The
first vibronic band (/;) and the third (/3) vibronic band of the emission spectrum of
pyrene were monitored at 375 and 392 nm, respectively. The excitation wavelength
was set to 337 nm. The slit widths of excitation and emission were set at 5 nm. The
different concentrations of surfactants- PEAL, QA and PO were added to the standard
based-lubricant to obtain each modified lubricant. The stock of PEAL, QA and PO

modified lubricant were prepared and diluted with ethylene glycol.

3.5 Preparation and characterization of modified lubricant

The different concentrations of PEAL, QA and PO surfactants (0%, 0.2%, 0.4%,
0.6%, 0.8% and 1.0%) were added into standard glycol-based lubricant to obtain 5
groups of lubricant for each additional surfactant. Ratio of surfactant and other

chemicals of the modified lubricants are shown in the Table 3.1.



Table 3.1 Concentration of lubricant samples

EG | Water | Surfactant
lubricant
(%wt) | (%owt) (%wt)
Standard lubricant (SL) | 93.126 | 6.882 0.0
92.926 0.2
92.726 0.4
PEAL-Modified lubricant | 92.526 | 6.882 0.6
99.326 0.8
99.126 1.0
92.926 0.2
92.726 0.4
QA-Modified lubricant | 92.526 | 6.882 0.6
99.326 0.8
99.126 1.0
92.926 0.2
92.726 0.4
PO-Modified lubricant | 92.526 | 6.882 0.6
99.326 0.8
99.126 1.0

35
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To characterization the basic properties of modified lubricants. The pH and
conductivity values were measured by using the pH/conductivity meter (5470
SevenExellenceTM, Mettler Toledo). A 20 ml of each lubricant was used in each
measurement. The measurement was repeated for three times of each modified
lubricant. The total base number (TBN) was also measured following ASTM-D2896,
using auto-titration method (DGil16-solvent glass pH electrodes, Titration Excellence
T50, Mettler Toledo) to determine basicity values of the modified lubricants which can
be shown in terms of the equivalent number of milligrams potassium hydroxide per

gram (mg KOH/g).

3.6 Performance of lubricant

3.6.1 Quasi-static test (QST)

QST is a system to measure the change of magnetoresistive resistant (MRR) value
of a slider. The MRR data was used to analyze the performance of our modified
lubricants in this work. Sliders were measured before the lubricant soaking. Then,
sliders were immersed in the modified lubricant, which standard based-lubricant were
mixed with different surfactants (PEAL, QA and PO) with 5 different concentrations for
each surfactant, as 0%, 0.2%, 0.4%, 0.6%, 0.8% and 1.0%, respectively. After soaking,
the sliders were measured for the QST parameters again. The percent of MRR changes
were analyzed and calculated to optimize the working concentration of the

surfactants. The process of test QST are:
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Figure 3.3 The process of test QST
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3.6.2 Potentiostat polarization measurement

Potentiostat polarization measurement was applied to measure the corrosion
potential (E,,) and corrosion current (I,), to obtain the corrosion rate and corrosion
behaviors of the modified lubricant on wafer that was coated with iridium-manganese
(hot IrMn 79, Western Digital (Thailand) Co., Ltd.). The measurement was carried out
by using Potentiostat (EG&G Model 273). A general three probes with a platinum
counter-electrode and an Ag/AgCl as a reference probe were used. The specimen was
cut into 2 cmx2 cm for using as working electrode. 1 %wt PEAL, 1 %wt QA and 0.2
%wt PO modified lubricants were used as electrolyte in this experiment. The
potentiometer was performed at 300 sec OCP (open circuit potential) ,0.00122 step
potential, 0.002 v/s scan rate, -1,0.6 V potential range by using Autolab 1.9.16, Nova

19 software that was shown in Figure 3.4.

[ ]

Ag/AgCl electrode Platinum sheet

v

(Reference electrode) (Counter electrode)

Modified lubricant

Ir'Mn coupon (Electrolyte)

Figure 3.4 Illustration of flat cell potentiostat
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3.6.3 Lapping test
The ASL 200 final lap machine is the device to polish/lap the sliders to desire

roughness properties in slider fabrication. The 1 %wt PEAL, 1 %wt QA and 0.2 %wt PO
modified lubricant were carried out with the process final lapping machine using actual
Bi-Sn lapping plate at speed of lapping plate of 10 rpom. The lapping condition is the
same as industrial work to reach target resistance. The lapping time and the surface

finishing performance of modified lubricant were observed.

Figure 3.5 Physica MCR 301, Anton Paar rheometer [52]

3.6.4 Viscosity test

Rheometry describes measuring method that was used to determine rheology
properties. Viscosity properties of modified lubricant were investigated by using Physica
MCR 301, Anton Paar that was shown in Figure 3.5. The 1 %wt PEAL, 1 %wt QA and 0.2
%wt PO modified lubricant were performed. The experiment was operated at room

temperature.
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3.6.5 Tribology test

Tribological measurements of optimum modified lubricant were carried out on a
micro-tribometer (UMT-2, CETR) (Figure 3.6) to observe Lubrication properties. The
equipment was used ball-on-disk technique. A 6.35 mm stainless-steel ball was used
to test on AlTIC disk. The applied loads were 0.5 N and the sliding speed
3600 mm/min. The experiments were realized at room temperature. The 15 ¢ of
sample was used for each test, which was gently spread to completely cover the AlTiC

plate surface.

Figure 3.6 UMT-2, CETR [52]
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Chapter IV

RESULTS AND DISCUSSIONS

As mention in the motivations of this thesis, there was a contamination
deposition found during the lapping process in slider fabrication. The gold (Au)
electrical contacts on slider were covered by the black contaminant layer, as shown
in Figure 4.1. They were subjected for contaminant analysis to verify their surface
properties. The contamination characterizations were carried out using electroplating
for substitution electrostatic force during lapping process and the copper (Cu) electrical
contacts were used instead of Au contacts for this study. The electrodeposited Cu

plates were characterized, using SEM-EDS.

Figure 4.1 (a) The gold electrical contact of slider before lapping, (b) The charged black

contamination on the gold electrical contact after lapping.
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4.1 Deposited contaminant identification

The EDS spectrum of Cu contacts from electrodepsition test, using sludge from
lapping process as electrolyte, were shown in Figure 4.2 (a), (b) and (C), respectively.
The major x-ray peaks presented of Cu, together with bismuth (Bi) as majority signal. It
can be seen clearly that the black contaminant layers were mostly Bi particles. This
result was in consistence with the EDS results performed directly on the slider gold
contacts. This Bi contamination came off from Bi-Sn alloy lapping plate material as
sliders were wear on their surface. After that, the Bi particles were charged by
tribocharging effect during the lapping friction. The electrostatic potential drove the
charged Bi particles attracted then deposited on the electrical contacts which
connected to the ground to the lapping system. Moreover, the spectrum showed the
present of Al. It indicated that Al were polished out from ALTIiC substrate to sludge
(from AL,Os). This caused a complete circuit loop of the electrodeopsition and created
the Bi layer coated on the surface of electrode (both Au pads in slider and Cu test
specimen). It was also found that this phenomenon can occur as the electrostatic

potential increases above 1.5 V.
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4.2 Surface characterization

The electron micrographs of electroplated Bi particles on copper electrical
contacts, using sludge mixed with different surfactants, are shown in Figure 4.3. In this
electrodeposition experiment, the voltage between the cathode and anode was set
at 1.5 V with the electrode distance about 4 cm. The upper part of the line was covered
during electrodeposition test, as reference area (no deposition). The lower part of the
line was the exposed surface that had the Bi deposition. Figure 4.3 (a) and (b) showed
the clean surface of Cu contact before electroplating and the surface after
electrodeposition, using sludge obtained from the lapping process. Obviously, the
surface in the deposition zone shown deposited contaminant layer of Bi particles from
the sludge. The surface of electrodeposited Cu contacts using sludge mixed with 1
%wt of each surfactant, were then investigated (see Figure 4.3 c-i). From the result, it
can be seen clearly that the amount of Bi deposition on the surface was a difference,
compared to the deposited surface using pure sludge. The SEM results showed that
some surfactants (PEAL, QA and PO) can provide a protection of the surface from Bi
particle contamination. Those effective surfactants were chosen for further

characterizations for their protective mechanisms and functions.
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X200 100 um

100 pm

X200 100 pum 5kV 5 kv X200 100 pym

Figure 4.3 SEM of (a) clean copper surface, copper surface after electrodeposition using
(b) pure sludge and copper surface after electrodeposition using sludge mixed with (c)

EAO, (d) EAL, (e) PEAL, (f) CTAB, (g) AAO, (h) QA and (i) PO
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4.3 Characteristics of modified lubricants

For understanding function of surfactant, selected surfactant (PEAL, QA and PO)
were investigated for their chemical and physical properties for consideration on their
efficiency in modified lubricant and provided the suitable lubricant for slider lapping

process.

4.3.1 pH

The pH values of modified lubricant were shown in Table 4.1. It can be seen
that all modified lubricants were base because adding surfactant induced slightly
changed pH in range between 8.4-8.6. It was not significant. The pH value of SL+QA

lubricant was tern to decrease due to ammonium group.

Table 4.1 pH of modified lubricant

The concentration of surfactants
Lubricant
0.0 %wt | 0.2 %wt | 0.4 %wt | 0.6 %wt | 0.8 %wt | 1.0 %wt
SL 8.4 - - - - -
SL+PEAL - 8.5 8.5 8.6 8.5 8.5
SL+QA - 8.5 8.6 8.4 8.3 8.2
SL+PO - 8.5 8.5 8.4 8.5 8.6

4.3.2 Total base number (TBN)
The TBN value of the PEAL-, PO- and QA- modified lubricant was shown in Table

4.2. TBN value of modified lubricant was increased from 3.72 mg KOH/ ¢ to the range
22-24 mg KOH/ ¢ when compared with SL. It can be described the adding surfactant
provided the basicity from their chemical properties. The TBN value can be defined as
the higher TBN was able to neutralize a greater amount of acidic materials for

protecting corrosion effect.



Table 4.2 TBN of modified lubricant

The concentration of Surfactants

Lubricant

0.0 %wt | 0.2 %wt | 0.4 %wt | 0.6 %wt | 0.8 %wt | 1.0 %wt
SL 3.72 - - - - -
SL+PEAL - 22.7 22.8 23.1 22.7 22.8
SL+QA - 22.8 235 23.0 22.2 22.8
SL+PO - 22.7 22.9 22.6 22.8 22.8

a7

4.3.3 Conductivity

The conductivity of all three modified lubricants was shown in Table 4.3. It
was found that the amount of QA affected on conductivity value due to ammonium
ion. So, it increased conductivity value of the modified lubricant as the concentration
increased. While adding PEAL and PO into SL affected in decreasing of conductivity. In
generally, conductivity of lubricant should be low, in order to avoid the corrosion on

the slider head.

Table 4.3 Conductivity of modified lubricant

The concentration of Surfactants
Lubricant
0.0 %wt | 0.2 %wt | 0.4 %wt | 0.6 %wt | 0.8 %wt | 1.0 %wt
SL 126.4 - - - - -
SL+PEAL - 108.5 108.3 106.2 102.1 111.0
SL+QA - 147.2 162.3 187.4 189.8 217.3
SL+PO - 113.7 116.4 120.9 124.1 118.9
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4.3.4 Quasi-static test (QST)

The changed in MRR values of slider in QST can be related to the properties of
metal layers on slider surface by many factors such as corrosion effect, lapping,

chemical in lubricant, etc. The results from QST are shown in Figure 4.4 and Table 4.4.

It was found that the mean values of %AMRR were effectively decreased from 2.99
to 0.44 and 2.99 to 1.63, respectively, as the concentration PEAL and QA were
increased. On the other hand, the more concentration of PO in the modified lubricant
slightly increased %AMRR from 1.89 to 2.49. The result can be clarified that the more
adding concentration of PEAL and QA led to the modified lubricant that can capable
reduce the corrosion effect from the reaction of modified lubricant to slider materials,
while PO can efficiently utilize at low concentration. Moreover, the results presented
these modified lubricants cased little distribution %AMRR of slider that mean they
had an anti-corrosion property as an additional function. Therefore, the optimum
concentration of each surfactant was obtained as PEAL, QA and PO exhibited the low
%AMRR at concentration of 1.0, 1.0 and 0.2 %wt, respectively. Then modified

lubricants with these optimum concentrations were used in further study.
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Table 4.4 Statistical values of the measured QST parameters

Lubricant Mean STD
error

Control 3.75 | 2.96
SL 2.99 | 2.96

PEALo2 | 2.92 | 2.96
PEALo4 | 2.02 | 2.96
PEAL | PEALos | 2.59 | 2.96
PEALog | 2.18 | 2.96
PEAL: | 0.44 | 2.96
QAo2 | 348 | 2.96
QA04 2.01 | 2.98
QA | QAos 1.92 | 2.96
QAos | 2.33 | 2.96
QA1 1.63 | 2.96
POo.2 1.89 | 2.96
POo.4 2.21 | 2.96
PO | POos 2.14 | 2.98
POos 2.49 | 2.96
PO 2.40 | 2.96

*Control is slider bars that did not soaked in lubricant.

4.4 Functional surfactant studies

The studied of the mechanisms and functions of surfactant including the
important parameter, CMC of surfactant was investigated and can be referred to the
self-assembly of micelle formation of the surfactant-modified lubricants which can
indicated the efficiency of contamination protection. CMC can be extracted from the
slope changing point of the concentration dependence fluorescence emission curve
(see Figure 4.4). Normally, the obtained CMC value in lubricant exhibits higher value
than in aqueous solution because the standard lubricant (SL) contains glycol chain.
The presence of EG decreases the cohesive energy of the medium, thus increasing the

solubility of surfactant in its monomeric form will lead to increase of the CMC [53-58].
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The results in Figure 4.5 showed that PEAL reached their CMC values at 0.64 mM
(0.04 %wt). Therefore, at 1wt% of working concentration in modified lubricant is much
higher than the CMC value of PEAL, PEAL to form the micelle in modified lubricant.
The molecular dimension of PEAL micelle which measured from the length of
surfactant molecule was predicted about 11.86 A. In this case, the hydrophilic
oxyethylene group of PEAL can reduce the charge of Bi particles. The environment,
oxygen source in the reaction media, played as a nucleophile to attack the
oxyethylene groups that led to product the acetoxy group, together with reduction
the charge of Bi particles. The Bi particles were tended to migrate into the micelles of
PEAL, as illustrated in Figure 4.6. Therefore, these micelles can accommodate and

protect the growth of Bi layer on surface [59, 60].
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Figure 4.5 Pyrene intensity ratio 1,/l; versus log concentration with total surfactant

molar concentration for PEAL modified lubricant
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|
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11.86 A

Figure 4.6 Schematic micellization of PEAL

The QA can form micelle at the CMC of about 0.88 mM (0.03 % wt) in glycol
lubricant (see Figure 4.7). Consequently, the micelles can be completely formed at 1
%wt of QA concentration. The prediction of molecular dimension was about 79.92 A.
It was found that its molecule exhibited dual ionic part in term of amine ion (cationic
ion) and the polyoxyethylene group in QA chain. The association of charged Bi with
cationic of QA micelles involved electrostatic interaction that was illustrated in Figure
4.8. Thus, charged Bi was expected to be present near the Stern layer and was

not deposit on surface [61].
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In case of PO, its CMC was at 4.69 mM (0.52 %wt) (see Figure 4.9). Then, at 0.2
wt% of working concentration in modified lubricant cannot form micelle due to intra-
and inter-steric chain repulsions in macromolecules. The molecular size was 34.45 A,
The oxyethylene groups established hydroperoxides with oxygen in environment.
Then, the hydroperoxides led to decrease the metal ion to metal [62]. Therefore, PO
has 20 ethoxy groups per molecule, the number of decreasing equivalents should be
the same order. Hence, PO was able to decrase the charged Bi to the neutral state via
oxidation of the oxyethylene groups into hydroperoxides in Figure 4.10. At the same
time the surfactant molecules adsorb Bi particles on the surface and prevent the

deposited.

Based on all CMC results, we found that PEAL-, QA- and PO-modified lubricants
had the potential to prevent the deposited contaminant on the electrical contact

surface of the HDD sliders.
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Figure 4.9 Pyrene intensity ratio I/Is versus log concentration with total

surfactant molar concentration for PO modified lubricant
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Figure 4.10 Schematic micellization of PO

4.5 Performance of lubricant

4.5.1 Corrosion rate

The icorr, Ecorr and corrosion rate were the factors that can be used to determine
the corrosion of slider from modified lubricants by Potentiodynamic polarization curve.
The Tafel extrapolations for all 3 modified lubricants are shown in Figure 4.10. At the
intercept of Tafel slope, X is Eco and Y is 08 i, The higher E.,, the more difficult to
corrode. Whereas, the higher i, gives slower corrosion rate. The higher corrosion rate
was the faster corrosion. From Figure 4.10 and Table 4.2, the SL showed the highest
corrosion rate at 0.15 A/min which was the fastest corrosion. The 1 %wt of PEAL, 1
%wt of QA and 0.2 %wt of PO obtained corrosion rates about 0.03, 0.07, 0.08 A/min,
respectively. Therefore, 1 %wt of PEAL had the least corrosion effects. Moreover, PEAL-
modified lubricant shows E, at -0.053 V and has the best i, compared to others.
This is because PEAL is nonionic surfactant that has mild reaction. The corrosion test
results concluded that all 3 modified lubricants offer lower corrosion effect than the
SL. Thereby, these 3 modified lubricants also provided the anti-corrosion function;

additional from the surface contamination protection.
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Figure 4.11 Potentiodynamic polarization curve of glycol-based lubricant compared

with added surfactant

Table 4.5 Corrosion parameters and lap time of modified lubricant

St Ewor | Corrosion Rate
Lubricant o
(nA) V) (A/min)
SL 0.030 | -0.460 0.15
SL+ 1%PEAL | 0.006 | -0.053 0.03
SL+ 19%QA 0.015 | -0.128 0.07
SL+ 0.2%PO | 0.016 | -0.077 0.08

4.5.2 Lap time

The lapping times measured from the

actual lapping process with those

modified lubricants are shown in Table 4.2. The 0.2 %wt PO modified lubricant gave

the shortest lap time because the minor ratio of surfactant was influence to less long

chain carbon that related to the least viscosity. It presented the 0.2 %wt PO modified

lubricant provided the high material.



Table 4.6 lap time and viscosity of modified lubricant

Lap time | Viscosity | Average of
Lubricant
(min) (cP) COF
SL 1.57 20.00 0.0651
SL+ 19%PEAL 2.03 19.60 0.0733
SL+ 19%QA 1.54 19.40 0.0914
SL+ 0.2%PO 1.53 19.00 0.0916

4.5.3 Coefficient of friction

57

The coefficient of friction (COF) values of modified lubricant slightly increased

when compared with SL (see Table 4.6). Therefore, COF of modified lubricants and

SL are not different significantly.
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Chapter V

Conclusions and Suggestions

In HDD slider lapping process, diamond embedded Bi-Sn alloy lapping plate
was used together with functional lubricant to reduce excessive friction side-effects
and protect the surface from corrosion. At the stage of final lapping, it was found that
some sliders had bismuth particles deposited on gold pads due to electrotribocharging.
We found that the threshold voltage for Bi contaminant deposition on Au-electrical
contact was about 1.5 V. This contaminant can cause the failure to the HDD. After
simulate the lapping process by electroplating of sludge on Cu pad, SEM results
indicated that some selected surfactants can help to prevent the surface
contamination. Therefore, the selected surfactants such as polyethoxylate alcohol
(PEAL), quaternary amines (QA) and polyoxyethylene-(20)-sorbitan monostearate (PO),
were considered and investigated to be further used with the standard glycol-based
lapping lubricant, in order to protect and reduce bismuth and other the contaminants
during lapping process. The results showed that the modified lubricants can help to
protect the bismuth deposition on electrical contacts with those functional surfactants.
At optimum working concentration of 1 %weight, PEAL creates the micellization due
to the partial negative charges of polyoxyethylene group which can balance bismuth
charges. The charged bismuth particles were attached to polyoxyethylene groups and
became neutral particles. The modified lubricant with QA at 1%wt concentration, can
also form micelle and protect the surface deposition by association of charged bismuth
particles with the cationic surfactant of QA micelles via electrostatic interaction. Thus,
charged bismuth particles were expected to be present near the stern layer. Another
surfactant, PO did not form micelle at 0.2 %weight of working concentration in
lubricant due to intra- and inter-steric chain repulsions. However, PO protects the

surface contaminant deposition by neutralize charge of bismuth particles through the
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oxidation of oxyethylene group into acetoxy group and suspend bismuth particles in

lubricant.

AUl the modified lubricants were investigated on their chemical properties and
performance. %AMRR values of PEAL-, QA- and PO- modified lubricant were measured
at concentration of 1.0, 1.0 and 0.2 %wt, respectively. These modified lubricants had
minor distribution failure to MRR of slider that mean they had minor influence in case
of corrosion. Therefore, these were the working concentrations were used in further
study. The corrosion rates of all modified lubricants were almost 300% lower than the
standard lubricant, which indicated an anti-corrosion function, as an extra function
apart from the surface contamination protection. The actual lapping, viscosity and
tribology test confirmed that PEAL, QA and PO can be used as functional surfactant
additives in standard lapping lubricant, without introducing additional failure to the
lapping process.

Finally, considering overall performance parameters, we propose that QA
should be the 1°' choice of surfactant that can be used in this surface contamination
aspect, follow by PO and PEAL as the 2" and 3™ alternatives. Another parameter is
the price of modified lubricants that need to be considered. The price of standard
lubricant is 417.89 baht/liter, whereas the price of PEAL-, QA- and PO-modified
lubricant are 424.59, 419.43 and 417.96 baht/liter, respectively. It indicates the adding
surfactant lightly increase the price but efficiency of modified lubricants is more

function.

The suggestion for future work

Combination of surfactant and corrosion inhibiter are required for lapping

optimization in order to deliver best lapping result and performance.
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1. The obtained CMC values in solution and of modified lubricants were

shown in Table A-1.

Table A-1 CMC of surfactants

CMC in aqueous | CMC in standard lubricant
Surfactant
(mM) (mM)
SC 0.24 0.64
SF 0.14 0.88
SG 0.054 4.69

2. Calculation CMC from mM to %wt
% X 10 x D
C =
MW

Where ¢ = concentration (mol/\)
% = presentation of solution (%wt)
D = density of solution (g/cm?)

MW = molecular weight of solute

3. CMC of surfactant PEAL

PEAL in lubricant_repeat #1
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Figure A-1 Pyrene intensity ratio I;/l5 versus log concentration with total surfactant

molar concentration for PEAL modified lubricant in 1° repeat.
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Figure A-2 Pyrene intensity ratio I;/l5 versus log concentration with total surfactant

molar concentration for PEAL modified lubricant in 2™ repeat.

PEAL in lubricant_repeat #3
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Figure A-3 Pyrene intensity ratio I,/l5 versus log concentration with total surfactant

molar concentration for PEAL modified lubricant in 3 repeat.



Table A-2 Result CMC of PEAL in lubricant

Repeat | Log C (mol/L) | CMC (mM)
1 -3.2 0.63
2 -3.2 0.63
3 -3.19 0.65
Average -3.19 0.64

4., CMC of surfactant QA

QA in lubricant_repeat #1
1.1
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Figure A-4 Pyrene intensity ratio I;/l5 versus log concentration with total surfactant

molar concentration for QA modified lubricant in 1 repeat.
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Figure A-5 Pyrene intensity ratio I;/l5 versus log concentration with total surfactant

molar concentration for QA modified lubricant in 2™ repeat.
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Figure A-6 Pyrene intensity ratio |;/l5 versus log concentration with total surfactant

molar concentration for QA modified lubricant in 3™ repeat.

Table A-3 Result CMC of QA in lubricant

Repeat | Log C (mol/L) | CMC (mM)

1 -3.17 0.68
2 -3.0 1.00
3 -3.02 0.95

Average -3.06 0.88




5. CMC of surfactant PO
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PO in lubricant _ repeat #1
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Figure A-7 Pyrene intensity ratio I;/l5 versus log concentration with total surfactant

molar concentration for PO modified lubricant in 1*' repeat.
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Figure A-8 Pyrene intensity ratio |;/l5 versus log concentration with total surfactant

molar concentration for PO modified lubricant in 2™ repeat.
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Figure A-9 Pyrene intensity ratio I,/l5 versus log concentration with total surfactant

molar concentration for PO modified lubricant in 3" repeat.

Table A-4 Result CMC of PO in lubricant

Repeat | Log C (mol/L) | CMC (mM)

1 b 4.78
2 -2.30 5.01
3 S a.27

Average K 4.69




6. The table exhibit all physical and performant properties of

working modified lubricant

Table A-5 Physical and performant properties of modified lubricants

73

Property SL SL+PEAL, SL+QA, SL+PO,,
EG 93.126 92.126 92.126 92.926
Additives 6.882 6.882 6.882 6.882
Surfactant PEAL - 1.0 - -
Surfactant QA - - 1.0 -
Surfactant PO - - - 0.2
pH 8.4 8.5 8.2 8.5
TBN (mg KOH/¢) 3.72 22.76 22.98 22.71
conductivity 126.4 105.7 187.4 113.7
Lap time (min) 1.58 2.30 1.56 1.55
Corrosion Rate

R/rin) 0.15 0.03 0.07 0.08
Viscosity (cP) 20 19.6 19.4 19.0
Price (THB) 417.89 /L 424.59/L 419.43 /L 417.96 /L
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