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ABSTRACT: The present work provides accurate' method for calculating the
effective measuring point of the thermo luminescent (TLO) using the experimental
measurements of the dose buildup ratio at the buildup region. A displacement
correction factor is applied which shows to be varied with radiation dose stress -
ranging from maximum value at the interface region to zero value at the
equilibrium region, The effective measuring point oflhe TLO accordingly is varied
with the dose stress. The present method of calculation agrees with .the
'theoretical trend and indicates that the effective measuring point is shifted toward
the dose stress, and increases with increasing the,differences in the atomic "
number of the interface media,
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- , 1. INTRODUCTION

In recent years a number of authors have reported problems when comparing photon

depth-dose curves obtained experimentally and those obtained from detailed

theoretical Monte Cano simulations [1-4]. None seemed to fully explain the

discrepancy between measurement and simulation. Some works reported significant

differences in the measuring points between different detector systems [3) .
. 4~ I ~- , , "'n L:,"!)r-, "I

In general when a measuring device is introduced into a radiation field, it tends to";' , .,1. • ",_ ',. .,

disturb the field. The output signal comes from the detector correlates to the integral
, . .

dose over the aetector thickness but practically we are interested in the dose,in the
. '- - -

medium at one measuring point. Different approaches where used to locate the

effective measuring point in order to correlate the experimental measurement to one

point inside the geometry of the detector, Mp.thods that shift the effective point of

measurements toward the source of radiation by a fixed dmount are believed to be

incorrect. The shift or the correction factor must be varied according to the dose

perturbation stress. For example, at the interface region between dissimilar media.

relatively sharp dose gradient near to the interface occur and gradually decreases with

increasing distances and the displacement correction factor in the effective measuring

point must be varied accordingly.

The present work aims to calculate the effective measuring point of the TLD for plane

irradiation geometry using the experimental dose gradient at the interface for four

interface media at two photon energies
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3. EXPERIMENTAL MEASUREMENTS

fl = YO.7S+S X 100%
YO.7S+S+Y2.2S+S

The irradiation geometry is shown in fig. 2. The radiation beam was directed

perpendicularly to the surface of an approximately cylindrical phantom of Teflon

material. The entrance field, symmetrically situated on the phantom surface, was 1.0

em diameter and was defined by means of a special mask made of, lead, copper,

aluminum, and Perspex.

TIlE EFFECTIVE MEA8URING POINT OF TIlERMOLUMlNE8CENT DETECTOR ...
b = log Y (9)

3.255

The constants, a, and b must be calculated for each interface media where Y

represents the expelimental reading of the TLD at the interface.

The dose buildup ratio of the two layers is given by:

First layer dose buildup ratio YO.75+S = a (0.75 + S)-b (10)

Second layer dose buildup ratio Y2.2S+S = a (2.25 + S)-b (11)

Therefore, equation (4) can be written as:(1)
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Consider a TLD disc of thickness, t, and the dose per unit thickness at depth, x, is
•

Vex). Assume the TLD disc is composing of two layers of tl2 thick each.

At distance far from the interface, the' equiliblium dose achieved. The dose buildup

ratio becomes constant, and the effective measuring point of the TLD is given by:,
xeff = 2

f=h-h .w
Where; f, & f2 represents the percentage dose contribution of the first layer of the TLD

at the buildup region and at' the equilib'riu'm region respectively. f, & f2 and are

calculated as: ,

At the buildup region, the effective measuring point must be shifted toward the

radiation source because of the high dose stress near to the interface. The suggested

formula for the effective measuling point is:

., [' ']Xeff = S + 2'" f 2 (2)

where S is the spacer thickness. between the TLD and the interface, andf is the

displacement correction factor, which is as:

I."'y( ) df, = 'I, x. x x 100% = 50% (5)
o Y(x).dx

The expelimental measurements for different interfaces media indicate that the dose

buildup ratiO gradient is fitted by a negative power function of the following form:

Y(x) = a X-b (6)"

Where; a, and b are constant depend on interface materials, and x is the depth in low

atomic number medium.

The thickness of the TLD discs used in the present investigation is 311m. The integral

dose of the two layers of the TLD disc accordingly is given by.

.. Y = aX, -b + aX2 -b (7)

Where, X" and X2, represent the midpoint thickness of the two layers of the TLD.

At the equilibrium region, the equilibrium dose buildup ratio is unity, therefore equation

(6) become:

Fig. 1: Diagram to show the dose gradient from the interface. The TLD was assumed

to consist of two parts. A midpoint of 0.75 ~m and 2.25 ~m plus the spacer thickness

was used in the calculation of the dose for each layer.
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(8)

1.0 = a15-b

.. a = 15b

At the interface region, we substitute for a, S = 0, X, == 0.75, and X2 = 2.25 in
equation (7) to gate:

The mask was arranged so that the material nearest to the detector was the material

with the lowest k-edge. Since the transition regio~ at low photon energies are

extended onlY for a distance of about 15 microns from the interface, LiFfTeflon TLD's .

of 3 microns thick were manufactured and used in the present investigation at the
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interface region. In practice, it is desirable to know to what degree the dose in low

atomic number medium has been increased by the presence of higher atomic number

medium. Thus rather than measure the absolute dose values, the dose build up ratio

were determined. The thickness of each high atomic number matenal was chosen to

be greater than the maximum electron range generated to ensure that the electronic

equilibrium was established but sufficiently thin so that attenuation of the x-ray beam

did not Causea significant quality chanqe.
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X,ff
(~ID)

1.360
2.420
3.450
4.460
7.475
1I.48

X,ff
(/lID)

. Xoff

.(/lID)

1.460
2.480
3.485
5.490
7.493
11.496

1.393
2.440
3.460
4.467
5.473
6.477
7.480
1I.48

o
I
2
4
6
10

2.03
1.62
1.52
1.35
1.04
1.00

Tabie 1: The measured doses buildup ratio, the displacement correctio

calculated effective measunng point for different spacer thickness an
interface media at two photon energies.

(AI -Teflon) 80 KV b=0.094 a= 1.289

TLD Reading Spacerthickness Displacement
(~m) correction

factor
0.025
0.014

. 0.009
0.006
0.005
0.003

(Cu -Teflon 80 KV b= 0.327 a= 2.424
TLD Reading Spacerthickness Displacement

(/lm) correction
factor ( f )

1I.5 0 0.088
5.21 1 0.050
2.82 2 0.D35
2.48 3 0.027
1.71 6 0.016
1.22 10 0.010

(Ti -Teflon 80 KV b=0.261 a= 2.027
TLD Reading Spacerthickness Displacement

(~m) correction
factor (f)

7.07 0 0.071
3.19 I 0.040
2.85 2 0.028
1.94 "3 0.022
1.64 4 . 0.Ql8
1.41 5 0.015
1.25 6 0.013
1.20 10 0.009

THE EFFECTIVE MEASURING POINT OF THERMOLUMINESCENT DETECT'
energies. The present method of calculation for the effective measuring

with the theoretical trend, reliable for similar geometnes, and can als

depth dose measurements.
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Fig. 2: The irradiation arra~gement to measure the dose gradient at the vicinity of the

interface between Teflon and higher atomic number medium.

Table (1) shows the displacement correction factor, the measured dose buildup ratio,

and the effective measunng point of the TLD at the interface region for two photon

energies. It is shown that the displacement correction factor is vaned with the dose

stress ranging from maximum value at the interface to a zero value at the equilibnum

region. Accordingly the effective measuring point of the TLD is shifted toward the

radiation stress near to the interface and gradually decreases toward the equilibnum

region at some distance from the interface. The present work indicates clearly that for

the same spacer thickness, .the dose stress increases with increasing the atomic

number differences of the interface combination and increases with deceasing photon

Hieh Z -material

4. RESULTS AND DISCUSSION

4
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TLDReading Spacer thickness Displacement X,ff
(11m) correction (11m)

factor (f)
18.2 0 0.105 1.340
9.79 I 0.059 2.410
5.28 3 0.032 4.450
3.24 4 0.026 5.460
1.89 , 6 0.019 7.470
1.18 10 0.012 11.485
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(11m) correction (11m)
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a= 1.854
TLDReading Spacer thickness Displacement X,ff

(11m) correction (11m)
factor ( f ) I,

5.54 0 0.062 1.410
3.90 I 0,035 2.450
3.35 2 0.025 3.460
2.38 3 0.019 4.470
1.82 6 0,011 7.483
1.28 10 0,007 11.488
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ABSTRACT: A comprehensive study was conducled to investigate the solid
aerosols exposure, their effects and source identification in Faisalabad. For this
purpose, Air samples were collected from specially selecled zones representing
Urban, Rural, industrial, residential cum commercial areas during day time from
March 2006 to December 2006. The mass concentration was observed to be
varying significantly during summer season, Urban and Industrial areas were
found to be more polluted as compared to residential cum commercial areas in
order of having higher concentrations of solid aerosols, Any significant variation
reg'arding number concentration and size distribution of' solid aerosols with
respect to selected areas did not appear, Fine particles were accounted for
66,61% while coarse particles were accounted for 33.39%. The major identified
sources of solid aerosols were

1. Long range sources such as sprays, earth soil eruption and industrial
combustion (55.50%), . ,

2, Short range sources such as crustal re-suspension, vehicular emissions and
vegetation burning (30.35%),

3, The sources with mixed rangewere mainly of secondary nature. The maximum
concentrations of solid aerosols were observed to be at industrial areas, A variety
of particles with dominated silicon and soot particles (13,84%) were analyzed
using SEM,

Keywords: Solid aerosols, trace elements, number concentration, major
sources, Scanning Electron Microscopy.

1. INTRODUCTION
The present atmosphere is quite different from the natural atmosphere as it existed

before the industrial revolution [1], in tenns of its physico-chemical composition. if the

natural atmosphere is considered to be "clean" as standard, then it means that one

cannot find clean atmosphere anywhere in the world. This state of atmosphere gives

rise to Air Pollution. Air pollution cannot be defined in a simple and easy way, One

could claim that air pollution started with the beginning of burning of fuels for energy

production and other purposes by humans. In other words, all manmade

(anthropogenic) emissions into the air can be called air pollution because they alter

the chemical composition of the natural !!tmosphere.

Historically these emissions had led to unforeseen consequences in the atmosphere.

Pollution episode in London in December 1952 due to motor vehicle emissions

causing urban ~mog resulted in rapid increase in mortality and morbidity rates and

depletion of stratospheric ozone due to heterogeneous reactions of chloroflouro

carbons with the ozone in 1970s are the examples of such consequences [2]. All such

mailto:Address:profkhan786@yahoo.com
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2.1. MATERIALS
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Fig.1: Zonal classification of Faisalabad city.
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CHARACTERIZATIONOFSOLIDAEROSOLSRELATEDTOFAISALABAD". 11
2. DATAANALYSIS

Total (50) SPI\I samples were collected from different sites of Faisalabad city using.

Syntax Map Mnthod and Simple'Random Sampling (SRS) technique [14].'

, -'
The city was ( ivided into three zones, Zone I (TraffirJlndustrial Zone), Zone II (Safe

Zone), Zone II (Residential/Commercial Zone)

Faisalabad is the third largest city in Pakistan located in the Punjab with the population

comprising of approximately 4 million citizens. The district is situated between 73' and

740 longitudes in East and 30' and 31.15' latitudes in North. Gujranwala and

Sheikhupura districts are located in Ksnorth !10-12]. ,The climate of Faisalabad is hot

and dry. Temperature ranges from 270C to 500C in summer and 60C to 210C in
winter.' Summer season lasts from the end of March 'to October while the winter

1 ..,' •

season lasts from November to January. July and August are the months in which

maximum rain fall occurs. The humiditY in. winter ranges from 46.9% in' March to

54.5% in December while in summer it ranges from 57% in May to 79.5% in August
, . \ .

(13).
"

Atmospheric Solid Aerosols are now well recognized air pollutants contributing
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aerosol are required to be stable in the gas long enough to be observed or measured.
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(solid or liquid) and the gas in which they are suspended [3).

Aerosois are ubiquitous in air and often observable as smoke, dust and haze. They

arise directly from emission of particies (Primary Aero;oIS) and from the conversion

and condensation of certain gases)o particles in the. atmosphere (Secondary

Aerosols) [4-5]. Solid Aerosols may also be classified with respect to possible sources

of their generation. Natural Aerosols are' generated naturally through volcanic

eruptions, soil du~t mobilization in deserts and production and decomposition of

microorganisms/biological materials in the atmosphere. The other type is

Anthropogenic Aero:;;ols;as their name.indicates are generated by anthropogenic or

human activities like fuel combustion, biomass burning as, well as agricultural,

commercial and industrial activities [6].

According to a study conducted by WHO, Tehran, Calcutta and Bombay are found to

be the most polluted cities in Asia (7-9]. Faisalabad in Pakistan is also pointed out to

be as a highly polluted city in this report. The atmosphere of Faisalabad is' getting

polluted due to industrial growth, rapid urbanization and increasing rate of construction

of commercial areas. This state of affairs inspired us to conduct a comprehensive

study on air pollution in Faisalabad. So, firstly, Air samples were collected from

specially selected'zones in the city. Then the samples were analyzed using a number

of techniques I.e., X-ray powder diffraction (XRPD), Scanning electron microscopy

(SEM) and Atomic absorption spectrophotometry (AAS) for the comprehensive

characterization and source'identification of solid aerosols.
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type of emissions deteriorating human health and ecosystem are termed as air

pollutants. Air pollutant is any substance emitted into the air from an anthropogenic

source, I.e., either not the part of the natural atmosphere or is present in higher

concentrations than the natural atmosphere and may cause'a short term or long term

adverse effect.
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The detail is as follows (Table 1a & 1b).
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Table 1a: Zone classification and sample numbers

Zone Zone type Sample codes No. of I Sources of
No. samples emission

2K05. 2K07. 2K08. 2K09,
2K10, 2K15. 2K18. 2K19,

IndustriallTraffic 2K20, 2K.22, 2K.23.. 2K.25.
1. I Zone 2K.27" 2K.28, 2K.29, 2K30. Industrial!

'''j I 2K33,' 2K37, 2K38," 2K39, 27 Vehicuiar
2K40. 2K41. 2K42, 2K43, Emissions
2K44. 2K46.2K47

2. ~ I s:~u~zone I .••...v'~...
Residential/

~I;" • . . 3 Commercial
~K03.2K12.2K.21 Emissions, ~, "

2K01,2K02,2K04.2K06.2K11,2 '
1:1; I I Residential cuml K13,2K14.2K16.2K17,2K.24,2K Background

3. .commercial zone 26,2K31 ;2K32,2K34,2K35.2K3 ' (Unpolluted
6,2K45,2K48,2K49.2K50 20 Zone

j . t

Most of the zone areas belong to city center while remaining were situated at (10-15)

Km away from city center.

I

I,
il
"

Table 1b: Area wise zone classification and arid selection using SYNTAX map method
_. Area category Well integrated roads Poor integrated roads

A, 4' 7
~ 4 6
A3 . 2 3

• Integrated radius = 5 km.

•• Grid selection: (5 x 5) km.

2.1.2 Sample Collection and Sampling Mechanism

Sample collection was carried out using Kimoto High Volume air sampler. The high

volume air sampler used to pump large volumes of air up to 2000 m3 at a rate of 0.8

m
3
/min. The filter used in a high volume air sampler was glass fiber filter having a

collection efficiency of 99% for particles. Samples were collected for a period of 12

hours (720 minutes) at an average flow rate of (0.8 m3/min). Particulate matter was

trapped on each filter, Triplicate samples were collected from each place. A high flow

rate (0.8' m
3
/min) draw the air samples through a covered housing 20 x 25 em

rectangular glass fiber filters. The covered housing is necessary to protect the filter

from precipitation and falling debris. Glass fiber @er was used because of their

gradual head loss build up characteristics and non-hygroscopic properties.

Contamination or damage to filter was avoided while inserting or removing them from

the sampler. On removing from the sampler it was folded in such a way that surface

CHARACTERIZATION OF SOLID AEROSOLS RELATED TO FAISALABAD . 13
containing the deposits faced each other. The filter was weighed before and after

sampling [15-17).

2.2. METHODS

2.2.1 Phase/compound analysis using XRPD

Phase/compound analysis of the Solid aerosols were carried out by employing an

automated powder x-ray diffractometer (Rigaku model D/MAx-1i A). The size and

shape of solid aerosols were ex;min'ed by SEMITEM fro~ sites of sP~cial ~cienlific

interests S31 under 80kv. at X1500. X2500 JEOL-1010 Model and elemental analysis
I"~ ;- "1'

was performed using Atomic Absorption Spectrophotometer (Varian 1475ABD) under
. '" I

controlled conditions. " •

The x-ray diffraction results reported in this study were obtained by running the

diffractometer in the step-scan mode with the diffractometer CO~ditions (Table 2).

I ~..,•••.•••••••"I'Q ••.•~VIII•••~•••1 ••••VIIUlllVll~ U;,C:U lUI dlldIY~I~. . .." ,," Setting value
.. Parameter used

X-Radiation Cuk a (NI-Filtered)
X-Rav Tube Voltaae and Current 35 KV &20 mA
Divergent and Anti-scatter slits 1
Recelvino Slit 0.13 mm& 0.3 mm
Goniometer Scannino saeed/step width 1°min' /0.02
Rate meter lime constant 1 sec ..
Detector Scintillation Counter
Start anole ' . " 65°(28)
Stoa anole 3°(28)

The peak intensity, peak width at half maxima,' d-values and Bragg angles were also

noted using XRD x-y plotter during the step-scan mode. The relative intensities values

were calculated for the above materials and presented in Table 3.

Table 3. Relative intensities of SPM minerals with KCI

Compound/Mineral Relative intensity
(kl =1,111«:1)

Q 0.85

IL 0.20
T 0.32
G . . 0.83
CH 0.23
AL 0.36
C.A 0.74
HM 0.89
HL 0.65
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3. RESULTS AND DISCUSSION

The suspended particulate matter (SPM) collected from randomly selected sites was

strained in order to remove fibrous material. Samples were kept in bottles as such and

were passed ihrough two sieves for getting two parts' of each sample having particle
;. . _ _.. _ • .~, I L' '.,,; : ~~ " ' ~I' r, '. f .. It', '., ,.u .

size less than 53 micrometer and less than 75 micrometer. All the samples were
. Ci' .=" '1 " ~ ..' ,,(1 -h'~n"T" ""'."1 91 " :

pressed gently in to aluminuml glass holders before loading each of them on XRPD
.' '. i...', ~''''':;:'' ~' . ",' "'~i,'. I

goniometer. The famous Henawalt and matrix flushing methods were employed for

qualitative and quantitative analysis of th~ c~mpourid~ pre~erit in solid aerosols. .
••••• I ~:

Environmental pollution due to solid aero sols is a mafor'.proble'm of the modem

civilization. It is being increasingly felt that clean environment is as, important as the

basic necessities of life such as food, cloth and shelter. Environmental problems in
, ,"".' ., .;::

Pakistan are growing at faster rate as compared with growth in the economy. It is
'. . •... .~.

evident from massive deforestation, salinity and. water logging combined with
. . .

progressive desertification, extinction of wild life:'and degradation of landscape, water

and soil resources. Faisalabad is one of the cities of Pakistan where situation is

aggravating day by day. Rapid Urbanization,'an Industrial expansion accompanying in
... 1 . ".,. r~'

the population growth are the major factors responsible for environm.~ntal_ pollution in

general and air pollution in particular. The vehicle on city roads have been increased

many folds and there are a great number of Industries In Faisalabad which are

contributing heavily to the environmental pollution. Mean weight percentages of all the

major phases identified in all the SPM samples are given in Table 4.

MicrographS taken' from SEM showed that the size of the selected samples varies

from 2~m to 93.3~m e.g. mixedcomp~sition' of fine and coarse particI~s"WhiCh
, - . ,i'.: ,. . r (' ("': ,", ~ ~ ' -,.

indicates the complexity of the Faisalabad: The size classification for four fractions PM

(0.5-10) ~m, PM (10-20) ~m, PM (20-40)~m, PM >40 ~m was carried out using sieve
\ ,,"I' ":~ '.' --=t .....•••• ".' .", .• " •... 1' '"'" ...• I "I .•.... : ~,"\ ;'

method and confirmed by SEM.PM'(0.5-10) ~m were found to be most abundant in. ' -- .. , . ' ' •.,'
the atmosphere of Faisalabadfollowed'by PM (10-20) ~m and PM (20-40)~m while

coarse/giant particles PM>40~m showed lower concentration in 5 specially selected

sites (S31 - S35 ) as shown in the table below:
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the sampies and Quartz (36.35), Illite (35.18), Calclle (33.22), Chlincore (23.26) and

Albite (20.36) are also found in appreciabie amount. Illite, Quartz, Calcite, Gypsum

and Taic together were present in the samples with almost comparable mean weight

percentages i.e. around 34% with their minimum and maximum vaiues respectively

6.15% and 64.21%, 8.68% and 64.02%,1.92% and 64.52%, and 4.22% and 70.58%.

. Chlorite/Chincholore and Albite were present in the sampieswith their mean weight

percentages i.e, around 21% with their minimum and, maximum, values respectively

6.11 % and 40.41 % and 6.51 % and 34.20%.The highest presence of Gypsum and Talc

gives very interesting results as' Faisalabad environment does not contain anysource

of these minerals';'hence their' origin lies-ilt remote areas, the same' is true for other

such minerals. The detection of R,AN; HN, tiL: SP, MUand WS' as minor phases or

the non:existence of these phases in polluted range is'becli'use of their larger size- and

not ,fue to their existence 'below critical limits. Theseph-ases -are 'of metallic;' semi

metallic 'imd non-metallic' naiuie, iherefore' their 'study" becomeS very important

because they when combined with Oxygen Sulphate (504-2) arid 'carbonii'e (Co3-2)

radicals results the fo'rmatloCnof complex compounds which shows the interaction'of

Industrial and Transportational dust,. fumes with solid aero sols and pollute the
___ \' ";.! Jr "r'I,."i~I._:'" ," '.:' '0 ~r,;,;"",",~'..' l::::~.J ;'. ~,;" ..

environment, this a~pect is evident from Gray (56%) / Black (30%)'and Yellow (14%).' , ,. . .. .~. ,."., .".,.. .
.'" I . _....... ~ _ - I ", ,>,_

color of most of the selected samples aiong with non-identified phases:" ,. C""',.".

M. A. K. SHAHID, K. HUSSAIN AND M. S. AWAN
SP, 0.49
MU 0.70
WS 0.16
R 0.27

AN " 0.65

14

,

I

Table 5: Size Distribution of the Solid Aerosols
Sample Code I 0.5- 1O~m % I 10 - 20~m % I 20 - 40~m % I > 40~m %

Since majority of soUd aerosols are in respirable mode and have anthropogenic origin,

they may cause severe health hazards as a resuit of their inhalation. SomeI

Table 4: Statistical analvsis of maior identified ohases
Sample Nature Phases Max. Min. Mean S.D. CV
coding of the identified

zone
2K95 RIC IL 64.21 6.15 35.18 41.05 116.68
2K14 RIC CA 64.52 1.92 33.22 44.26 133.23
2K15 lIT GIT 70.58 4.22 37.41 46.90 125.36
2K47 lIT Q 64.02 8.68 36.35 39.13 107.64
2K32 RIC CH/CL 40.41 6.11 23.26 24.25 104.25
2K42 lIT _ AL 34.20 6.51 20.36 19.57 99.11

XRPD studies carried out by matrix fiushing method show that Gypsum and Talc is

present in highest amount as indicated by their means (37.41) for each in almost all

S'11
S'i 2
S'I3
5314
5315

78.12
60

65.00
38.46
71.42

15.62
20

16.66
38.46
17.85

6.25
20
10

23.07
10.72

-ND-
-ND-
23.34
-ND-
-ND-
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micrographs show the combination of soot particles, fibers and silicates. SOme may be

derived from plant material and some with silicates of crystalline shapes. In short the

interpretation of these micrographs have shown that silicate crystal and amorphous

both (crustal origin) and soot particles (Industrial and transportational origin) are more

prominent. Since the SEMused in tliis study was not equipped with EDX facility. The

. eiemental analysis 'could not be carried out for confirmation of AAS results. ForSEM

results see in (Annex I) [18-19]....".'.
~ '.... t' ..•• {1'~ ;0 'r'!' .. ", :~ . "..J l-:lll':~."~.••w .,~. T I ., - .'.

CHARACTERIZATION OF SOLID AEROSOLS RELATED TO FAISALABAD .
Si02 60.4800

Fe203 9.3000
Ti02 9.3000
AI203 9.3000
CaO 7.8000. I
Na20 5.1600
K20 2.6666

Loss of Sample was observed . 12,0200.

17

,p ~ ' .-.
Solid aerosols" contribution towards rain acidification depends upon PH value, which

"\, .. ' ".... ..~

gives us the proper identification of regions where acidic rains can take place. Keeping

in view the PH value' of 'solid aerosol samples, the acidic rain probability was
.~•. "l.,' .•... ,"/; :". ,~.,~.'.:. "" .. ;r-~-r:.1

calculated'zone wise as given in table ,10. Color of the sar:npl~s and. their PH values

represents that the overall probability of acidic rain in the Faisalabad environment is
. f ' ~,-:;;; ••••

only 20% as depicted in Table 9. '-,
, ,

Table 9: Zone wise Probabilitv of Acidic Rain

. Wet Chemical analysis ryvCA) of some samples was also carried out to check the co-
~ • '.. I" "", • ~ '''''.

relationship between identified trace elements, by AAS ,and Phases of compound
. . ......~,. - '>' ., I' ••' •

analysis by XRPD but nothing was found common between .them except visibility~,', . , . ,.

reduction i.e. opacity or absorbance which shows semitransparent, semi opaque stack
. . .. . ~ -, '".. .. ,•..,.,-,

emission as the most basic effect of air pollution seen .in,.t~e"background ,O,f SEM

micrographs, confirmed through QAlQC activity and Ringleman chart technique (EPA

USA). The present study does not indicate any co-relationship between., trace
. _","','" , • ,.~".n ,"

elements and identified phases in solid aerosols (Table 6 & 7) [20-25]. ,.
~ .., ~ ,l _

( (:.'h. . l.,t

Sample
Coding

Zone
Normal or acidic Zone (1) ..
Highiy non acidic Zone (2)

Very Highly non acidic Zone (3) .

PH Value
7.8
8.9

'9 & above'

.I' <- .

Probability
"'49 %"'''

42%
::9%

.,

PS. = primary standards

Over All Net Effect, P1 > PS = 22. 5% (Pollutant Violators), P2 = PS = 2.4% (Pollutant
Followers), P3 < PS = 75.2% (Better Living Standards)

i::. "¥

"
\.

,11,.,.. ••• ".

Table 10: Probabilit of Acidic Rain based on color and PH value
Color Probability

Light Color (Acidic) 20%
Dark Color (Basic) 80%

~'V r c,,

The probability of acidic rain may however be completely ruled out in highly non acidic

zone and Very highly non acidic zone (Table 9and 10) because of the alkaline nature

of solid aerosols which completely neutralizes the acidity of the atmosphere at

present. Normal or acidic zone is safe presently but any change in industrial and

transportational set up. may give rise to a sensitive zone and make the pH values

acidic.

Nill 4%
100% 72%

Nill
97%

Nill
71%

Rance
0.90 ' 0.001 0.4505 0.6357 141.12
2.12 0.001 .1.0605 1.498 141.25
0.082 0.001 0.0415 0.057 27.14

". .• - < . ,",

3% 7%
43% 68%

Ni
Cu
Pb

RJT
T/R
RIC

2K16
2K78
2K11

"'0.,- +~~: itt "'-~;' ,..~\ '_C~? .;~ ~Q.~ ::r
l
,.,~ >..J '~ """

Table 7: Com arison of Identified Eiements uilibrium)
< or>or=PS Cd ,- Cr 'Pb

Violators "540/0' '25% . 24%
>

Followers =
Better living standards

<

The Wet Chemical Analysis does not detect any compounds of Cd, Cr, Cu, Ni and Pb

as shown below (Table 8) [26-28].

Table 8: Wet chemical analysis of solid aerosols
Oxide I Percent composition of

Solid Aerosols

~

Using the source marker tabie (11), [29-32], ~ was found that sources of solid aerosol

pollution are 36% (Si rich), 27% (AI rich), making 63% primary origin while 9%

(KiCaiNa rich):8~/o(Ni based) , 19% (Cu'based), 0.72% (Pb based) making 37%

secondary originconfimied through XRPD compound analysis and AAS elemental

analysis. This state of affairs also confirms the authenticity of Principal Component

Analysis (PCA) and Cluster Analysis (CA) methods. The main sources of solid
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analysis. This state of affairs also confirms the authenticity of Principal Component

Analysis (PCA) and Cluster Analysis (CA) methods. The main sources of solid
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aerosals are vehicular emissians (55.5%), metal industries (16.67%), coal cambustian

(13,68%), raad dust (11.12%) and fiyash (2.72%) respectively.

These results show that the Faisalabad is much mare polluted not only with in" " . . . ~,.,'.'
Pakistan but also within its neighbors like India and China. Fine to. coarse ratio can

. . t '."- '\:C,r. ,., ,
also be used as an important indicator to infer PM2.5 concentration from existing

.', ""'
PM10 monitoring network available from many air pollution network sponsored by

'Nt ~~II ~

As for as fine to. coarse ratio is concerned, it is calculated for Faisalabad, Pakistan and
• '1 :'..,~ . + .

compared with the other ~imilar studies conducled in"Asia."lt was found that average'. . ... - , .. ,

fine to coarse railo l.e;2.66 for Faisalabad is much greater tha-n 0.68.for Nagpur,

India, 0.78 for Hong Kong, China and 0.23 for Islamabad, Pakistan. Fine to Coarse

ratio far Faisaiabad enviranment showed very high figures as compared to other Asian

cities, It was almost 4 times more than that of oth~r similar studies as ~hown in Table
. .

.""

Table 13.: Fall Rate lTans/km2/manth)/Wind Directian .
Distance N-W S-E N-E' SoW
'3m 174 78 126' 105
6m 148 64 108 102
9m 128 52 94 "86,
12m 100 ~ n n
15m 85 25 55 54

This may'cause the shielding af Salar Radiaiian and hence decreases luminasity,

Thus Traffic'accideni rates' became mare significant in evening (expansiari!:in the

canapy) than that af noan (contractian in the canapy) like rubber in spring. This state

af affairs also. 'indicates that the Salid Aeroso.l pallutian at. Faisalabad is pasitively

cantributing tawards Glabal Warming nat anly because af Greenhause gases but 'alsa

due. to. shielding capability af Salid Aerasals. So., it is strangly recam!'1ende~ that

immediate ,actian must be taken to. tackle with the pallutian at Faisalabad. Wind

directian effect, langitudinal and altitudinal effects an the cancentratian af salid .aera, < ''', ,,' .•

sals shaws that N - W directian has maximum load, hence it may. be cansidered as

patential, danger regian. far acidic rain but due toAlkaline,nature af Carbanates ,

bicarbanates af Ca, Na, K and Mg this may nat happen. S - E directianhas minimum

laad, which favaurs the nanoccurrence of acidic rain, so in near future the Faisalabad

environment may be considered as safe environment from acidic rain point of view.

Latitude and Altitude effects indicate that concentration of solid aerosals follow inverse

square law, except same samples collected from sites of special scientific interests

(S31). This confinns the heterageneous and campi ex culture of Faisalabad

environment. No daubt these results are slightly disagreeable with internatianal

standards, but such type of infonnation is very vital to know the geographical and

geological conditions of concerned environment. Generally an increase in the

concentration of dislocations will raise interfacial energy between the ice embryo and

the nucleating particulate mailer hence decreases its nucleability. A simple theoretical,
model was used 10 study this aspect. The most of the identified phases in the present

study have large values of lattice misfit and they are poor nuclei particulariy Quartz,

Calcite and Albite which are poor nuclei they remain suspended in the atmosphere for

long periods, depending upon their size hence suppiement the pollution level of the

CHARACTERIZATION OF SOLID AEROSOLS RELATED TO FAISALABAD. 19
Gavernment and Semi gavernment agencies. It was also. faund that opacity is greater

than luminasity which canfinns the fannatian af Faisalabad Urban Baundary Layer

(UBL) at (9m x 15m) prabably related to. Urban Canapy N.W high cancentratian

maximum laad af TSPM, (Sheikhpura to. Jhang) S-E law cancentratian minimum laad

af TSPM, (Sahiwal/Okara to. Sheikhupura) and canverse which is due to. Geagraphical

and Gealagical setup af the selected sites as shawn belaw (Table 13) .

'-,,-

Aerasals

.v t

'\':-'I:~":'" • ",'.." "1

1\
"IL-.

: IVllxmQ rauu UI 11I1t:LV lIUClI::.t: ClVIIU

Sample Code pm2,5/pm10
2K01 2.608696
2K02 0.368421
2K03 2.529412
2K04 0.5
2K05 3.678571
2K06 8.5
2K07 2.615385
2K08 1.366667
2K09 1.772727

Average' ' 2.659986

Table 11: Saurce Markers far salid aerosals

Table 12

12 [33-34].

Chemical Species Passible Saurces
Patassium (K ) " Waad cambustian, farest fires, prescribed

. bums,- meat charbrailina
Sadium (Na ) and Chlaride (Cn Sea Salts
Nickel INi) and Vanadium IVI " ," Residual Oil cambustian

Aluminium (AI), Silican (Si), Calcium Primarily fram "sail" But also. Smelters
(Ca),lron(Fe), Titanium (Til " ' and Indicatars (Ca, Fe) ,

Lead (Pb) , Vehicle exhaustl Resuspended raad dust
Bramine (Br)," " " _ ," Vehicle exhaust . ~' J.
Capper (Cu) . ., , . Smelter ,

Elemental Carban (EC) Fuel cambustian and wild fires
Oraanic Carban (OC) - - 'J' Fuel cambustian and wild fires .H' Ii"

Haaanes and Steranes Primarilv mabile emissians
Palycycling Aromatic Hydracarban Fuel cambustian

(PAHs)
't. :;. ~1 . ". "

Guaicals and Svringals Biamass cambustian
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atmosphere as shown below (Table 14).

"
CHARACTERIZATION OF SOLID AEROSOLS RELATEDTO FAISALABAD ...

Some of other important conclusions are as follows:
21

Table 14. Comparison of Cell Dimensions of Ice and Minerals Identified in Suspended
Particulate Matter

•
20%.

No chance of an acidic rain due to the presence of Calcite for the time being -

Basal Misfit Prism Misfit
identified Crystal System a (AI c(AI % age %age
Phase
ICE HEXAGONAL 4.490 7.338 ----- -----

QUARTZ HEXAGONAL 4.913 5.450 9.2 17.8
jJ,..L1TE MONOCLINIC " 5.190 .20.160 15.4 ' 95.1

CHLINCORE MONOCLINIC 5.320 14.290 . '18.3 56.1
CALCITE HEXAGONAL 4.989 17.062' 10.9 71.7
GYPSUM MONOCLINIC 5.680 6.510 '16.3 18.8
TALC MONOCLINIC 5.287 ' 18.964 17.5 88.0
ALBITE TRICLINIC ' 8.144 7.160 81.0 41.7

.• ; ..'l'\

In most of the samples identified phases occur as patches rather than single grain, so

heterogeneity and aggregation of the Faisalabadenvironment is a dominating factor in

our experimental findings. One possible explanation is that oxidation processes have

converted the sulphides of ident!~ed phases into a soluble, hydrous Sulphate which is

confinned by the, Sulphate mineral. as Gypsum detected in clay minerals by XRPD

technique. . " "

The other possible justification is that the presence of fly ash, road dust and pollens

present in the 'Faisalabadenvironment have interlocked the identified phases into

patches, the oval and irregular shapes of the majority of the samples also support our

justification (Confinnation of Presence of Fibrous Material) as shown in the

micrographs of SEM (Secondary Electron Microscopy).' This' state of affairs also

confinns the" stability' of ihe Faisalabad environment.' However' further work is

suggested to reconcile satisfactorily the techniques used in this study and their co.

relationship with morphologicai structure studies. It is hoped that this study will be very

useful towards the future environmental study programs related to Industrial areas

cum commercial areas like Faisalabad [35-36].

Mix origin, 63% Primary (XRPD studies), 37% Secondary (AAS studies).

Both have no co-relationship i.e, occurrence of physio-chemical reactions in the

environment, (Physics and Chemistry of FaisalabadEnvironment has been changed).

Source Marker method is as competent as Principal Component Analysis
- 1 •• , -

(PCA) and Cluster Analysis (CA) methods for source apportionment.

• Zone classifi~ation has no positive aspect all zones have dirty and clean

patches i.e., mapping of Faisalabad is totally misfit with respect to Environment

friendly .

Most of the identified phases are poor ice nuclei i.e., have large lattice misfit,

stay longer and supplement pollution; detection of Urban Boundary Layer (UBL) in

urban canopy (9m x 15m) just equivalent to rubber spring.

Fine to coarse ratio of solid aerosols is - 4 times than that of other similar

studies which makes Faisalabad highly polluted area in the region, higher be the ratio,

and higher be opacity, more be the global warming and converse [37-40].
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Phase
ICE HEXAGONAL 4.490 7.338 ----- -----

QUARTZ HEXAGONAL 4.913 5.450 9.2 17.8
jJ,..L1TE MONOCLINIC " 5.190 .20.160 15.4 ' 95.1

CHLINCORE MONOCLINIC 5.320 14.290 . '18.3 56.1
CALCITE HEXAGONAL 4.989 17.062' 10.9 71.7
GYPSUM MONOCLINIC 5.680 6.510 '16.3 18.8
TALC MONOCLINIC 5.287 ' 18.964 17.5 88.0
ALBITE TRICLINIC ' 8.144 7.160 81.0 41.7

.• ; ..'l'\

In most of the samples identified phases occur as patches rather than single grain, so

heterogeneity and aggregation of the Faisalabadenvironment is a dominating factor in

our experimental findings. One possible explanation is that oxidation processes have

converted the sulphides of ident!~ed phases into a soluble, hydrous Sulphate which is

confinned by the, Sulphate mineral. as Gypsum detected in clay minerals by XRPD

technique. . " "

The other possible justification is that the presence of fly ash, road dust and pollens

present in the 'Faisalabadenvironment have interlocked the identified phases into

patches, the oval and irregular shapes of the majority of the samples also support our

justification (Confinnation of Presence of Fibrous Material) as shown in the

micrographs of SEM (Secondary Electron Microscopy).' This' state of affairs also

confinns the" stability' of ihe Faisalabad environment.' However' further work is

suggested to reconcile satisfactorily the techniques used in this study and their co.

relationship with morphologicai structure studies. It is hoped that this study will be very

useful towards the future environmental study programs related to Industrial areas

cum commercial areas like Faisalabad [35-36].

Mix origin, 63% Primary (XRPD studies), 37% Secondary (AAS studies).

Both have no co-relationship i.e, occurrence of physio-chemical reactions in the

environment, (Physics and Chemistry of FaisalabadEnvironment has been changed).

Source Marker method is as competent as Principal Component Analysis
- 1 •• , -

(PCA) and Cluster Analysis (CA) methods for source apportionment.

• Zone classifi~ation has no positive aspect all zones have dirty and clean

patches i.e., mapping of Faisalabad is totally misfit with respect to Environment

friendly .

Most of the identified phases are poor ice nuclei i.e., have large lattice misfit,

stay longer and supplement pollution; detection of Urban Boundary Layer (UBL) in

urban canopy (9m x 15m) just equivalent to rubber spring.

Fine to coarse ratio of solid aerosols is - 4 times than that of other similar

studies which makes Faisalabad highly polluted area in the region, higher be the ratio,

and higher be opacity, more be the global warming and converse [37-40].
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CHARACTERIZATION OF SOLID AEROSOLS RELATED TO FAISALABAD ...
AREA WISE ZONE CLASSIFICATION USING SYNTAX MAP METHOD

AREA.1

r
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Table 2: Weight Percentage of Phases in SPM collected from Zone 2

sample R IL a CH/CL AN CA AL OfT HM HL SP MU WS
Code
2K03 SOL SOL 24.42 BDL BDL 21.78 BDL 19.84 SDL BDL BDL SOL 33.82
2K12 15.96 BDL 25.92 SOL BDL SOL BDL 32.03 8.89 BDL 19.84 BDL BDL

2K21 SOL 35.48 26.34 21.18 SDL 17.00 BDL SOL BDL BDL BDL BDL SDL

Table 3: Weioht Percentane of Phases in SPM collected from Zone 3
Sample R IL Q CH/CL AN CA AL OfT 'HM HL SP MU WS
Code
2K01 BDL BDL 66.80 BDL 5.31 23.23 -SOL BDL BDL BDL BDL BDL 5.31
2K02 SOL BDL 29.02 BDL BDL BDL BDL 28.70 BDL 11.9 BDL 30.36 BDL

2K04 33.66 BDL 16.99 SOL SOL 15.06 SOL. 17.88 5.79 BDL .SDL' 10.60 SOL

2K08 SOL BDL 37.80 BDL BDL 28.61 SOL 15.97 BDL 12.13 BDL 5.47 SOL

2K11 SOL 'DL 29.17 BDL BDL 28.38 SOL 31.39 6.85 BDL BDL BDL BDL

2K13 BDL SOL 32.03 BDL BDL 35.92 BDL 20.90 SOL BDL BDL BDL BDL

2K14 BDL BDL 14.57 BDL BDL 64.52 BDL BDL BDL BDL SOL SOL BDL

2K16 BDL BDL 19.54 BDL 43.50 17.40 BDL 19.54 BDL BDL BDL SDL BDL

2K17 BDL SOL 34.02 BDL BDL BDL BDL 13.64 52.38 BDL BDL BDL BDL

2K2' BDL 34.95 25.82 15.16 BDL BDL BDL 7.85 BDL BDL BDL BDL BDL

2K26 BDL 71.85 15.86 15.86 9.34 .~ SOL 20.5 SOL BDL BDL BDL BDL BDL

2K31 BDL BDL 8.68 30.20 BDL 10.06 20.6 8.96/22.18 BDL BDL BDL BDL BDL

2K32 BDL BDL 6.82 40.41 BDL 12.56 BDL 11.18129.02 BDL SOL BDL SOL BDL

2K34 BDL " 62 14.58 BDL BDL 8.92 6.54 7.94 SOL BDL BDL SOL BDL

2K35 BDL .52.39 12.32 BDL BDL '.92 29.10 4.24 BDL BDL BDL BDL BDL

2K36 BDL 36.50 BDL SOL BDL 9.86 21.52 9.32/22.78 BDL SOL BDL BDL BDL

2K45 BDL 64.21 15.10 11.33 BDL BDL 6.51 2.82 BDL SOL BDL BDL SOL

2K48 BDL 37.64 19.38 13.34 BDL 11.93 17.65 BDL BDL BDL BDL BDL SOL

2K49 BDL 29.69 15.7-4 21.52 BDL SOL 26.39 7.22 SOL BDL BDL BDL BDL

21<50 BDL 19.66 43.35 10.50 BDL 16.69 '.77 BDL SOL BDL" SOL SOL BDL
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The solid aerosols samples collected from various zones of Faisalabad were

analysed and results are presented (Table 1,3) and the variation observed are displayed

(Fig. 1-4). ...,

In order to know which region had lighter SPM loadings than the others, Zone wise

weight percentages of the identified minerals are given in Table 1 (Industrial Zone),

Table2 (Suburb Zone) and Table 3 (Residential cum commercial Zone).

Sample R IL a CHlCL AN CA AL OfT HM( ~ HL -~SP " \ MU. , WS
Cod.
2K05 BDL BDL 74.09 BDL BDL 5.25 BDL 11.5B BDL 9.02 BDL BDL BDL
2K07 BDL BDL 72.41 BDL 5.42 15.84 BDL •••• BDL BDL BDL BDL BDL
2K08 BDL BDL 26.0B BDL BDL 13.04 BDL 26.08 BDL BDL 17.39 BDL BDL
2K09 BDL BDL 76.36 BDL BDL 23.63 BDL 17.03 12.52 16.05 BDL BDL BDL
2Kl0 BDL BDL 41.115 BDL BDL BDL BDL 29.91 12.52 BDL BDL BDL BDL
2K15 BDL BDL 29.42 BDL BDL BDL BDL 70.58 BDL BDL BDL BDL BDL
2K18 BDL BDL 18.38 BDL BDL BDL 16.72 BDL BDL 39.40 13.18 16.72 BDL
2K19 BDL 66.2 15.60 14.38 BDL 3.72 BDL BDL BDL BDL BDL BDL BDL
2K20 BDL BDL 38.36 BDL BDL 18.32 37.67 5.62 BDL BDL BDL BDL BDL
2K22 BDL 159.62 5.72 17.03 BDL 5.69 11.68 15.43 BDL BDL BDL BDL BDL
2K23 BDL 37.09 BDL 30.70 BDL 10.00 BDL 4." BDL BDL BDL BDL BDL
2K25 BDL 29.56 BDL 29.32 BDL 12:65 19.42 BDL BDL BDL BDL BDL BDL
2K27 BDL 56.6B 13.34 . 15.15 7.06 BDL BDL BDL BDL BDL BDL BDL BDL
2K28 BDL 34.97 27.82 BDL BDL 3.72 7.74 BDL BDL BDL BDL BDL BDL
2K2' BDL 63.63 14.98 BDL BDL 8.24 5.82 7." BDL BDL BDL BDL BDL
2K30 BDL BDL 9." 14.14 BDL 7.58 23.54 10,21 BDL BDL BDL BDL BDL
2K33 BDL 8.28 BDL 35.28 BDL BDL 22.53 8.54/ BDL BDL BDL BDL BDL

25.35
2K37 BDL 38.09 BDL 33.12 BDL BDL 21.15 7.61 BDL BDL BDL BDL BDL
2K3' BDL 33.63 BDL 29.24 BDL BDL 18.67 8.09/ BDL BDL BDL BDL BDL

10.34
2K3' BDL 54.4 4.87 19.92 BDL 10.27 BDL 5.51 BDL BDL BDL BDL BDL
2K40 BDL 59.73 20.37 15.58 BDL BDL BDL 4.32 31.52 BDL BDL BDL BDL
2K41 BDL 36.83 10.94 33.09 BDL 6.80 12.31 BDL BDL BDL BDL BDL BDL
2K42 BDL 6.15 14.48 BDL BDL 13.63 34.20 BDL 19.6 BDL BDL BDL BDL
2K43 BDL 48.28 11.35 6.11 BDL 5.77 28.00 BDL BDL BDL BDL BDL BDL
2K44 BDL 37.03 8.71 BDL BDL 8.47 20.57 19.60/ BDL BDL BDL BDL BDL

5.60
2K46 BDL 45.82 10.77 16.33 BDL 8.09 BDL 7.22/ BDL BDL BDL BDL BDL

11.73
2K47 BDL 9.B7 64.02 BDL BDL 14.17 11.93 BDL BDL BDL BDL BDL BDL
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Table 2: Weight Percentage of Phases in SPM collected from Zone 2

sample R IL a CH/CL AN CA AL OfT HM HL SP MU WS
Code
2K03 SOL SOL 24.42 BDL BDL 21.78 BDL 19.84 SDL BDL BDL SOL 33.82
2K12 15.96 BDL 25.92 SOL BDL SOL BDL 32.03 8.89 BDL 19.84 BDL BDL

2K21 SOL 35.48 26.34 21.18 SDL 17.00 BDL SOL BDL BDL BDL BDL SDL

Table 3: Weioht Percentane of Phases in SPM collected from Zone 3
Sample R IL Q CH/CL AN CA AL OfT 'HM HL SP MU WS
Code
2K01 BDL BDL 66.80 BDL 5.31 23.23 -SOL BDL BDL BDL BDL BDL 5.31
2K02 SOL BDL 29.02 BDL BDL BDL BDL 28.70 BDL 11.9 BDL 30.36 BDL

2K04 33.66 BDL 16.99 SOL SOL 15.06 SOL. 17.88 5.79 BDL .SDL' 10.60 SOL

2K08 SOL BDL 37.80 BDL BDL 28.61 SOL 15.97 BDL 12.13 BDL 5.47 SOL

2K11 SOL 'DL 29.17 BDL BDL 28.38 SOL 31.39 6.85 BDL BDL BDL BDL

2K13 BDL SOL 32.03 BDL BDL 35.92 BDL 20.90 SOL BDL BDL BDL BDL

2K14 BDL BDL 14.57 BDL BDL 64.52 BDL BDL BDL BDL SOL SOL BDL

2K16 BDL BDL 19.54 BDL 43.50 17.40 BDL 19.54 BDL BDL BDL SDL BDL

2K17 BDL SOL 34.02 BDL BDL BDL BDL 13.64 52.38 BDL BDL BDL BDL

2K2' BDL 34.95 25.82 15.16 BDL BDL BDL 7.85 BDL BDL BDL BDL BDL

2K26 BDL 71.85 15.86 15.86 9.34 .~ SOL 20.5 SOL BDL BDL BDL BDL BDL

2K31 BDL BDL 8.68 30.20 BDL 10.06 20.6 8.96/22.18 BDL BDL BDL BDL BDL

2K32 BDL BDL 6.82 40.41 BDL 12.56 BDL 11.18129.02 BDL SOL BDL SOL BDL

2K34 BDL " 62 14.58 BDL BDL 8.92 6.54 7.94 SOL BDL BDL SOL BDL

2K35 BDL .52.39 12.32 BDL BDL '.92 29.10 4.24 BDL BDL BDL BDL BDL

2K36 BDL 36.50 BDL SOL BDL 9.86 21.52 9.32/22.78 BDL SOL BDL BDL BDL

2K45 BDL 64.21 15.10 11.33 BDL BDL 6.51 2.82 BDL SOL BDL BDL SOL

2K48 BDL 37.64 19.38 13.34 BDL 11.93 17.65 BDL BDL BDL BDL BDL SOL

2K49 BDL 29.69 15.7-4 21.52 BDL SOL 26.39 7.22 SOL BDL BDL BDL BDL

21<50 BDL 19.66 43.35 10.50 BDL 16.69 '.77 BDL SOL BDL" SOL SOL BDL
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The solid aerosols samples collected from various zones of Faisalabad were

analysed and results are presented (Table 1,3) and the variation observed are displayed

(Fig. 1-4). ...,

In order to know which region had lighter SPM loadings than the others, Zone wise

weight percentages of the identified minerals are given in Table 1 (Industrial Zone),

Table2 (Suburb Zone) and Table 3 (Residential cum commercial Zone).
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2K18 BDL BDL 18.38 BDL BDL BDL 16.72 BDL BDL 39.40 13.18 16.72 BDL
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2K23 BDL 37.09 BDL 30.70 BDL 10.00 BDL 4." BDL BDL BDL BDL BDL
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2K30 BDL BDL 9." 14.14 BDL 7.58 23.54 10,21 BDL BDL BDL BDL BDL
2K33 BDL 8.28 BDL 35.28 BDL BDL 22.53 8.54/ BDL BDL BDL BDL BDL
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Quartz was present in amounts ranging between 4.9 to 74.1 % in the SPM of Zone 1,

24.4 to 26.3 % of Zone 2 and 6.82 to 66.80 % of Zone 3, in about 18 samples of Zone

1 and Zone 3. The amount of quartz was about two to three times higher than for Zone

2. Illite was found to vary ranging between 6.2 to 63.6 % for Zone 1, 35.5 % for Zone 2

and 19.7 to 71.9 % for Zone 3. It was not detected in some samples. Calcite was

present in amounts 3.72 to 23.63 % for Zone 1, 17.0% to 21.8 % for Zone 2 and 1.9to

64.5 % for Zone 3. Figures 2to 4 show the weight percentages of phases for Zone 1,
~

Zone 2 and Zone 3 respectiveiy.

CHARACTERIZATION OF SOLID AEROSOLS RELATED TO FAISALABAD ... 29
the Zones is found similar in weight percentages; such a result that the weight

percentages of the major phases such as Quartz, Illite, etc were more in the industrial

Zone than the other Zones is not found. Small and large amounts of these phases are

Identified for almost all Zones, and more specifically for Zone 1 and Zone 2. There

would have been dirty and clean locations in the zones whether the latter were

industrial or residential/commercial and consequently the amounts of phases were

large and small. The dusty areas were near the roads from where the samples were

collected. The results also do not show any dependence of weight percentages of

phases on sample color or physical appearance. :1

Fig. 3: Weight Percentage of Phases Identified in SPM of Zone 2

Fig. 4: Weight Percentage of Phases Identified in SPM of Zone 3

The results show that the most common minerals (clays/non-clays) identified in almost

all SPM samples are Quartz, Illite and Calcne. Gypsum was identified in some 30

samples with amounts varying between 4.6 to 29.9 % for Zone 1, 19.8 to 2.0 % for

Zone 2 and 2.0 to 31.4 % for Zone 3. The other phases detected in a few SPM

samples were Albite, Talc, Hematite, Saponite, Mullite, Anorthite, Halite and Wustite.
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Fig. 5: Some SEM Micrographs showing Morphology of Solid Aerosols

The phase anaiysis of all the SPM samples showed presence of soil minerals and did

not indicate presence of any compounds grown in the atmosphere through

photosynthesis. It does not mean that such compounds did not grow

photosynthetically in the atmosphere. The compounds. grown photosynthetically were

perhaps below the detection limit of the Diffractometer .
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The XRPD results do not show any dependence of the weight percentages of the

identified phases on Zone characteristics. The occurrence of the phases in almost all
~
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The results show that the most common minerals (clays/non-clays) identified in almost

all SPM samples are Quartz, Illite and Calcne. Gypsum was identified in some 30

samples with amounts varying between 4.6 to 29.9 % for Zone 1, 19.8 to 2.0 % for
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Fig. 5: Some SEM Micrographs showing Morphology of Solid Aerosols

The phase anaiysis of all the SPM samples showed presence of soil minerals and did

not indicate presence of any compounds grown in the atmosphere through

photosynthesis. It does not mean that such compounds did not grow

photosynthetically in the atmosphere. The compounds. grown photosynthetically were

perhaps below the detection limit of the Diffractometer .
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ABSTRACT: Plasma nitriding of commercially pure titanium is carried out to.
improve the surface properties of titanium. Characterization of nitrogen plasma is'
carried out as a function of filling pressures for input power of 100 W. Nitriding is
performed at 2 mbar and 3 mbar pressures for 2, 6, 10 and 14 h. The structural
and compositional properties of nitrided specimens are investigated using x-ray
diffractometer (XRD), optical micrography and. micro hardness tester. Each
sample exhibits a'n evidence of surface changes with substantial increase of
surface hardness. XRD pattern confirmed the formation of hexagonal ON-Ti and 0-

TiNa.2.phases. Moreover, the discharge condrtion'sat 2 mbar pressure for 14 h
are favorable to nitride the surface of titanium. .

'Keywords: Gas-solid reactions; Plasma nitriding; Diffusion; X-ray diffraction;
Surface properties

1. INTRODUCTION
Titanium and its alloys are used in a wide variety of industrial and commercial

applications such as aerospace components, architecture, sports equipment,miiitary

hardware, medical implants, dental products, prosthetic devices and orthopedic

applications due to their low density, low modulus of elastictty, strength to weight ratio,

good corrosion. resistance and biocompatibility [1] . .These surface propertie~ can be

improved by exposing samples in nitrogen plasma environment. Nitriding oUitanium. . .

and titanium alloys is used effectively for protection against wear. Titanium has a

closed-packed hexagonal crystallite structure (HCP) known as a-Ti at room

temperature. Nitrogen has a high solubility in a-Ti so it strengthens the surface layer

significantly [2].

The nitrogen having atomic dimension much less than that of titanium can diffuse in to

surface layer of the sample as interstitial solid solution. Plasma nitriding is promising

technique owing to their potential use in modification of surface properties of various

materials [3]. This technique has many advantages for thermo-chemical treatment

such as control of the phase formation and the depth of nitrided layer. It requires short

periods of nttriding time and is more versatile than other conventional methods [4].

Nitriding is primarily used to enhance fatigue strength, surface hardness, wear and

corrosion resistance without affecting bulk properties of materials [5, 6].

Titanium nttrides have many applications in different indus!rial areas such as in cutting

machineries, anticorrosive coatings, turbines, medical and biological materials

jh
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Langmuir probe is one of the reliable diagnostic techniques widely used for measuring
,. ;.' .' . , ..

the plasma 'parameters such as electrontemperature'(eV) [9,'10), electron number
;,..,:.,..•.. ','" "'. '. ".' ",. -n:.' ,. '.. :.. -. ..•

density (cm") [10, 11] and electron energy distribution function (EEDF) referred to as
-, -',. ~ ~. ," 't' t., ,c. ....', -..,. '.. ~,<~

the Druyvesty!] method [12,13]. These parametersinftuence the production of active

species by inelastic collisions:plasma' reactions;and plasma surface interactions.
, ',. ',~;) ".,. '-<.,l . c;r..~. - I.", J .', • " ,', • "j '\

This paper reports the characterization of 50 ~Hz ac generated nitrogen plasma for

nitriding of titanium and the effect of plasma parameters on the growth of nitrided thin
. . "-. . " \ '.'

film in temns of crystal structure, surface morphology and micro-hardness. .'"
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(especially artificiai teeth and bones), structural materials in deep sea,

. ' tmicroelectronics. Physical vapor deposition (PVD) techniques are widely used to
"'"J; ,. . ~.. ~, ""'.# •

deposit materials on a iarge variety of substrates [7]. The coatings by this technique

are used in variety of applications such as optical, electrical, mechanical, chemical,
..:. ':~ ,. .., .. ,. ," ( ' ..

and decorative purposes. Low temperature plasma nitriding is highly desirable to

retain corrosion resistance and wear resistance. Ilcan also produce nitrogen-enriched

diffusion up to a significant depth and better adhesion in addition to create a hard
... ,(" ,',' ':'
~ .• '" •.. .., • ',r rsurfaee iayer [8). ..

r~

Plasma consists of iow and high energy nitrogen atoms or ions or electrons. In this

plasma, the electro~s are usually much more energetic than ions. These electrons

play significant role in different chemical reactions, thereby interacting with nitrogen

and titanium and excite the species through inelastic collision. These species can also

absorb in the surface of titanium [8]. These atoms and radicais from the plasma can
, .' '" -. -, '"",:, .. : . . .. ",'

also react. with species' already adsorbed on the surface to fomn compound and
. ,j' \ "'" ' •

release energy as a heat which would raise surface temperature. With the increase of

3.1. Plasma generation reactions
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The base pressure of the chamber is 1x10,2 mbar by using rotary pump and gas

pressure is monitored using capsule type vacuum gauge of 0-25 mbar. An input

power is applied to the top electrode using step-up transfomner through an inductive

ioad which lim~s the current during discharge. The specimens are placed.on.bottom

electrode" which is grounded. The inlet and. outlet valves are adjusted so as to

maintain the required pressure in the chamber. The temperature of samples is

monitored by themn'ocouple and maintained ai 300°C. Niirogen plasma is gener~ted in
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abnormal giow regime. Langmuir probe I-V characteristics are recorded by varying
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pressure from 2 mbar and 3 mbar at constant power for DC bias voltages swept from -
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100 V to +100 V. It is observed that energetic species are produced at 2 mbar and 3
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mbar pressures [51which are selected after diagnosing the plasma and on the basis of
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previous studies. Therefore, only two pressures are used to nitride the surface of

titanium. After nitriding the samples are cooied down in vacuum cl1.amber!n nitrogen

atmosphere for 1 h.

Speclmen's"of titani~m (9 x 9 x3mm3
) are mechanically polished with :!:O.OSmm

\ .• ~, ,'_., .t,.."\

dimensional accuracy u$ing SiC abrasive paper on Stuers Knuth-Rotor-3polishing

machine, to a mirror finish; and then cleaned ultrasonically for 30 minutes with water.

A Philips X' Pert PRO Panaly1ical x-ray diffractometer is used for analysis of nitrided

titanium specimens which .1soperated at voltage of 40 kV and current of 40 rnA for ,Cu
'. ~ Fo. ..).,' ~ .!. -, ••

Ko, radiation (A = 1.540598 A) source. Topography and iayer thickness are

investigated using Olympus CK 40M-CP (Japan) optical microscope. The microscope

is attached with the Olympus,Camedia C-5060 digital compact high revolution camera.

The modified thin layer of the nitridedsamples is examined at 50x magnification .and

measured with attached' micrometer. Surface-hardness of untreated and treated

samples is measured using Wilson Wolpert 401 MVD™ Vickers micro hardness tester.
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Langmuir probe is one of the reliable diagnostic techniques widely used for measuring
,. ;.' .' . , ..

the plasma 'parameters such as electrontemperature'(eV) [9,'10), electron number
;,..,:.,..•.. ','" "'. '. ".' ",. -n:.' ,. '.. :.. -. ..•

density (cm") [10, 11] and electron energy distribution function (EEDF) referred to as
-, -',. ~ ~. ," 't' t., ,c. ....', -..,. '.. ~,<~

the Druyvesty!] method [12,13]. These parametersinftuence the production of active

species by inelastic collisions:plasma' reactions;and plasma surface interactions.
, ',. ',~;) ".,. '-<.,l . c;r..~. - I.", J .', • " ,', • "j '\

This paper reports the characterization of 50 ~Hz ac generated nitrogen plasma for

nitriding of titanium and the effect of plasma parameters on the growth of nitrided thin
. . "-. . " \ '.'

film in temns of crystal structure, surface morphology and micro-hardness. .'"
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(especially artificiai teeth and bones), structural materials in deep sea,

. ' tmicroelectronics. Physical vapor deposition (PVD) techniques are widely used to
"'"J; ,. . ~.. ~, ""'.# •

deposit materials on a iarge variety of substrates [7]. The coatings by this technique
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..:. ':~ ,. .., .. ,. ," ( ' ..
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... ,(" ,',' ':'
~ .• '" •.. .., • ',r rsurfaee iayer [8). ..

r~
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. ,j' \ "'" ' •
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Fig. 3 shows electron temperature and electron density as a function of filling

pressure. It is found that the electron temperature and density fall with increase of

filling pressure in nitrogen plasma which is due to the increase in number of coiiisions

between electrons and plasma species [10]. This increase in collisions is in turn,

related to the partial pressure of the gas in the reaction chamber. The surface of

titanium metal is very reactive to nitrogen. Atoms or ions in the plasma get higher

energy which would bombard the surface. These energetic ions clean the surface and

raise the temperature of the surface. This enhances the incorporation rate of reactive

atoms in,) the surface. [20].
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surface local temperature, nitrogen atoms and ions can overcome chemicai barriers

and diffuse into the substrate.

Nitrogen diffuses into the titanium forming interstitial solution of nitrogen in the

hexagonal closed packed a - Ti phase. The surface layer formed is called diffusion

zone (aN) [2]. This process can continue as long as the a - Ti matrix can dissolve

nitrogen at the nitrogen medium/soiid interface (where the nitrogen concentration is

the higl]llst). Dissolved nitrogen reacts at the interface and leads to the formation of a

new phase TiN026 [2. 14]. Experiments [15-16] and theories [17] have demonstrated.. ...• .",' .. -
that kinetic energy of impinging ions and neutrals can enhance adatom mobility which
, 't" .,. , I

is beneficial for surface diffusion. collision mixing and chemical reaction. This

improves the surface morphology and decrease the defect density.
,., . ," ~: . t

r
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3.2. Effect of pressure

Fig. 2 shows the EEDF as a function of electron energy for 2 mbar and 3 mbar filling

.pressure of nitrogen which is determined by the expression [12.13].
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where IE (V) is the electron energy distribution as a function of probe voltage (V).

Vp plasma potential. A the probe area, 1" the electron saturation current. e and m
are the electronic charge and mass. Electron energy decreases with pressure' with

lower tail energy. which is also reported by other researchers [18. 19].
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of nitrogen.
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Fig. 5: Magnified XRDspectra of (100), (002) and (101) peaks of titanium and TiN

for different processing time at filling pressures of (a) 2 mbar and (b) 3 mbar.

With the increase of lime, the intensity of a-Ti phase increases at both pressures by

the diffusion of nitrogen. Additionally, at 28", 74.10" a small and broad diffraction
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Fig. 5 shows the peaks of unexposed and exposed titanium for smaller range of angle

in order to show the changes at 2 mbar and 3 mbar pressures for different time

durations. Shift and broadening of peaks are observed at both pressures for different

time durations owing to the diffusion or incorporation of nitrogen in titanium matrix.
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Fig. 4 presents the XRD spectra of un-exposed and nitrided specimens at 2 mbar and

3 mbar pressure for different time durations. The un-exposed specimen has diffraction

peaks corresponding to planes of reflections Ti (100), Ti (002) and Ti (101) confinning

the closed-packed hexagonal (HCP) structure of alpha-titanium (a-Ti).
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3.3. X-ray diffraction analysis
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Fig. 4 presents the XRD spectra of un-exposed and nitrided specimens at 2 mbar and

3 mbar pressure for different time durations. The un-exposed specimen has diffraction

peaks corresponding to planes of reflections Ti (100), Ti (002) and Ti (101) confinning

the closed-packed hexagonal (HCP) structure of alpha-titanium (a-Ti).
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Fig. 6 shows the crystallite size of (101) reflection plane as a function of nitriding time

which is calculated from Scherrer's formula [22],
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reflection is observed at both pressures for different treatment time

I ' ,
Where K is- a constant having vaiue of about 1 and Full width at half maxima (, , .
FWHM) is the broadening of diffraction line measured. It is found that the crystaline

"". ,
size increases at 2 mbar filling pressure for 2 h, 10 hand 14 h due to the increase of

nitrogen incorporationA~e to t~e' increased adatom mobility. These incorporated ions

produce stresses in the top surface layer. The decrease in crystallite size is observed
I r '," .

at 6 h, which is due to the diffusion of nitrogen atoms or ions resulting in internal.~ ". - ~ . ,",

stresses [23]. This also related to the growth of thin film [24}, However, at 3 mbar, .

pressure, the crystallite size increases at 2 .h, whereas it decreases after 2 hand. - _. ,
almost remains the same for the other durations of treatment time.

38
peak of (200)

durations.

Fig. 6: Variation of crystallite size as a function of treatment time of Ti (101)

reflection plane for pressure of (a) 2 mbar and (b) 3 mbar.

Fig. 7 shows the intensity of diffraction peak of (101) reflection plane as a function of

treatment time observed from XRD spectra. Significant change in intensity and full

width at half maximum (FWHM) of diffraction peaks compared with substrate is found

at both pressures during the different nitriding time durations, showing the

improvement in crystallinity. This increase in intensity indicates the improvement in the

crystallinity which may be rela\ed to the presence of nnrogen contents in the samples

[24, 25J.
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3.4. Optical morphology

41
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Fig. 8: Optical micrographs of specimen (a) untreated (b) treated at 2 mbar pressure

for 14 h (c) treated at 3 mbar for 14 h.

Fig. 8 shows the topography of un-exposed and exposed specimen at 2 mbar and 3

mbar pressures for 14 h of processing time. Micrographs show that a layer of the film

is deposited on the surface of substrate with time and surface layer seems to be

smooth. However, the Ti-substrate processed by the nitrogen plasma in the present

study has luminous gold-like appearance. Based on the opticai micrographs,

morphological behavior can be divided into two steps. The first step is the growth of an

titanium nitride layer (a-Ti), which has low friction coefficient [21]. During second step,

break down of the nitride layer produces fragments which may increase the friction

coefficient [21].
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As pressure increases, the intensity of (101) refiection decreases as compared with

the intensity at 2 mbar pressure for 14 h, causing the degradation of crystallinity [261.

Because the formation of more densely nitrided iayer at higher pressure hinders the

atoms or ions from further diffusion and leads to lower thickness which is due to the

reduction of nitrogen vacancies with the increase of treatment time [24].

Fig. 9 shows the cross-sectionai optical micrographs of nitrided samples with different

nitriding time durations (2, 6, 10 and 14 h) at 2 mbar and 3 mbar pressures, Picture

evidence clearly indicates that a thin modified surface layer is formed by the diffusion

of nitrogen in the titanium matrix, The thickness of modified surface layer as a function

of nitriding'time is shown in Fig. 10. It is inferred that the nitrided surface layer

thickness increases with the increase of treatment time durations and decreases with

I,
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Fig. 8: Optical micrographs of specimen (a) untreated (b) treated at 2 mbar pressure

for 14 h (c) treated at 3 mbar for 14 h.

Fig. 8 shows the topography of un-exposed and exposed specimen at 2 mbar and 3

mbar pressures for 14 h of processing time. Micrographs show that a layer of the film

is deposited on the surface of substrate with time and surface layer seems to be
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coefficient [21].
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Fig. 10: Variation of modified surface layer thickness as a function of processing time

at filling pressures of (a) 2 mbar and (b) 3 mbar.

Fig. 11 shows the surface hardness measured as a function of different imposed loads

(0.01, 0.025, 0.05, 0.1, 0.2, 0.3, 0.5 Kgl) for dwell lime of 5 s using micro hardness

tester. The sharp decrease in the hardness with the increase of load suggests the

fomnalion of thin modified 'surface layer. The observed data reveals that hardness

increases with increasing nitriding time which may be due to the increase of more

nitrogen content in surface layer [5, 15). Significant increase in hardness (410 HV) is

obtained at 2 mbar filling pressure of nitrogen for 14 h of processing time for the

imposed ioad of 0.01 Kgf compared with the hardness (260 HV) of untreated sample.

3.5. Surface hardness measurements
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increasing pressure [25). Further increase of nitriding time along'with the high dose of

nitrogen may result in the increase of surface roughness of substrate [26].

Fig. 9: Cross-sectional optical macrographs of specimen treated at (I) 2 mbar pressure

for (a) 2 h (b) 6 h (c) 10 h (d) 14 h. (II) 3 mbar pressure for (e) 2 h (I) 6 h (g) 10 h (h)

14 h.
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Fig. 11 shows the surface hardness measured as a function of different imposed loads

(0.01, 0.025, 0.05, 0.1, 0.2, 0.3, 0.5 Kgl) for dwell lime of 5 s using micro hardness

tester. The sharp decrease in the hardness with the increase of load suggests the

fomnalion of thin modified 'surface layer. The observed data reveals that hardness

increases with increasing nitriding time which may be due to the increase of more

nitrogen content in surface layer [5, 15). Significant increase in hardness (410 HV) is

obtained at 2 mbar filling pressure of nitrogen for 14 h of processing time for the

imposed ioad of 0.01 Kgf compared with the hardness (260 HV) of untreated sample.
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increasing pressure [25). Further increase of nitriding time along'with the high dose of

nitrogen may result in the increase of surface roughness of substrate [26].

Fig. 9: Cross-sectional optical macrographs of specimen treated at (I) 2 mbar pressure

for (a) 2 h (b) 6 h (c) 10 h (d) 14 h. (II) 3 mbar pressure for (e) 2 h (I) 6 h (g) 10 h (h)

14 h.
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observed that 2 mbar pressure is more favorable for infusion of nitrogen in titanium

matrix.
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4. CONCLUSIONS

The plasma parameters are measured using Langmuir probe and are decreased with

the increase of filling pressure. From the XRD spectra, calculated parameters of

nitrided samples treated at2 mbar and 3 mbar pressures confirm the formation of a,,-
Ti and TiN phases. These phases are observed owing to the nitrogen incorporation

into titanium matrix as an interstitial solid solution. Modified surface layer thickness

and the surface hardness are enhanced for different time durations of 2, 6, 10, and 14

h at 2 mbar pressure whereas decreases at 3 mbar pressure compared with untreated

sample. Significant increase in the surface layer thickness and hardness is obtained,

when samples are nitrided at 2 mbar filling pressure for 14 h of processing time. It is

Fig. 11: Variation of surface micro hardness as a function of imposed load for different

durations at (a) 2 mbar pressure (b) 3 mbar pressure.
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