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ABSTRACT: The present work prowdes accurate method for calculatlng the
effective measuring point of the thermo luminescent (TLD} 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 of the TLD accordingly is varied
,with the dose stress. The present method of calculatlon 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.

Keywérds: TLD, effective measuring p.oint. dose buildup ratio. _.‘ . '

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 Carlo simulations [1-4]. None “seemed to fully explain the
discrepancy between measurement and simulation. Some works reported significant

dlfferences in the measuring pomts between dlfferent detector systems [3].

L [ Lo TR S S | |-

In general when a measuring device is mtroduced into a radiation. f eId it tends to
disturb the field. The output signal comes from ihe detector correlates to the integral
dose over thé aetector thickness but practically we are interested in the dose in the
medium at one measuring point. Different approaches where used to locéte the
effective measuring point in order to correlate the experimental measurement to one
point ihs‘ide the geometry of the detector. Methods that shift the effective point of
measurements toward the source of radiation by a fixed amount are believed to be
incorrect. The shift or the correction factor must be varied according to the dose
perturbation siress. For exémple, 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 ' |

B
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2. MATERIAL AND METHOD

Consider & TLD disc of thickness, t, and the dose per unit thickness at depth, x, is
Y{(x). Assume the TLD disc is composing of twc; layers of t/2 thick each.

At distance far from the interface, the’ equilibrium dose achieved. The dose buildup
ratio becomes constant, and the effective measuring point of the TLD is given by:

- xeff = g ‘ - . (1)
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 measuring point is:

Yr=S+=r] . @
where S is the spacer thickness between the TLD and the interface, and f is the
displacement correction factor, which is as:

f=H-1 ‘ )]
Where; f; & £, represents the percentage dose contribution of the first layer of the TLD
at the buildup reQion and at the equiilibrium region respectively. f; & f, and are
calculated as: -~ . -. . £ow o S T on

r/z

: Y(x)dx - ' ot -
_._ Q 4
h= Erma 100% - @
ti2
(x).d. .
£ = —}-ﬁxmo% =50% (5)
Q

The experimeﬁial measurements for different interfaces medié indicate that the dose
bunldup ratio gradlent is fitted by a negative power function of the followung form:
Y(x)=aXx? ' ®

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 3 ym. The integral
dose of the two layers qf the TLD disc accordingly is given by.

| Y=ax,? +ax,” m
Where, X4, and Xz, represent the midpaoint thickness of the two layers of the TLD.
At the equilibrium region, thé equilibrium dose buildup ratio is unity, therefore equation
(6) become:

1.0 = q15-%
a = 15° (8)

At the interface region, we substitute for a, S=0, X, =075, and X, = 2.25 “in
equation (7) to gate:




THE EFFECTIVE MEASURING POINT OF TT-[ERMOLUW\IESCENT DETECTOR... 3
b= log ¥ 9)
3255 (
The constants, a, and b must be calculated for each interface media where Y

represents the experimental reading of the TLD at the interface.

The dose buildup ratio of the two layers is given by:
First layer dose buildup ratio Yor5+s = @ (0.75 + 5)7° (10}
Second layer dose buildup ratio  Ys,5, = a(2.25+5)7° (11)
Therefore, equation (4) can be written as:

fi = —RI5__  100% ’ (12)

Yo75+stY2254s

3. EXPERIMENTAL MEASUREMENTS

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
cm diameter and was defined by means of a special mask made of, lead, copper,
aluminum, and Perspex.

Interface
71 Z2
______ [ e
Radiation : '
1 L
=2 Ysiors \\ i !
\£\ 5
Ysi22s 2 :
! 1 Equilibrium dose
10 —— - f_ - - :- ———————
' :
' [
! '
' '
2 ; Distance from interfoce
§+0.7 E §+2.25
" )

SH.5pm  S+3.0

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 pm and 2.25 pm plus the spacer thickness
was used in the calculation of the dose for each layer.

The mask was arranged so that the material nearest to the detector was the material
with the lowest k-edge. Since the transition region at low photon energies are
extended only for a distance of about 15 microns from the interface, LiF/Teflon TLD's '
of 3 microns '.riick. 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 material 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 cause a significant quality change,

X-
15
Fo .Pb
Cu Cu |
Al Al
Perspex

I Righ Z -material J

, ' 1 Teflon
. LiF-

Teflon

Fig. 2: The irradiation arraqgement to measure the dose gradient at the vicinity of the
interface between Teflon and higher atomic number medium.

4. RESULTS AND DISCUSSION

Table (1) shows the displacement correction factor, the measured dose buildup ratio,
and the effective measuring point of the TLD at the interface region for two photon
energies. It is shown that the displacement correction factor is varied with the dose
stress ranging from maximum value at the interface to a zero value at the equilibrium
region. Accordingly the effective measuring point of the TLD is shifted toward the
radiation stress near to the interface and gradually decreases toward the equilibrium
region at some distance from the interface. The preseni 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
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energies. The present method of calculation for the effective measuring point agrees

with the theoretical trend, reliable for similar geometries, and can also be used for
depth dose measurements.

Table 1: The measured doses buildup ratio, the displacement correction factor, and
calculated effective measuring point for different spacer thickness and different
interface media at two photon energies.

(Al -Teflon) 80 KV b=0.094 a= 1.289
TLD Reading | Spacer thickness | Displacement Xetr
(um) correction |  (um)
factor ( £ )

2.03 0 0.025 1.460

1.62 1 0.014 '} - 2.480

1.52 2 -0.009 3.485
1.35 4 0.006 5.490

1.04 6 0.005 7.493
1.00 10 0.003 11.496

(Ti -Teflon) 80 KV b=0.261 a=2.027
TLD Reading | Spacer thickness | Displacement| * - Xeg
(pm) correction s (pm)
factor ( )

7.07 0 0.071 1.393

3.19 1 0.040 2.440

2.85 2 0.028 3.460

1.94 3 0.022 4.467

1.64 4 - (.013 5473

1.41 5 0.015 6.477

1.25 6 0.013 - 7.480
1.20 10 0.009 "11.487

(Cu -Teflon) 80 KV b=0.327 a=2.424

TLD Reading | Spacer thickness | Displacement Xetr
{um) correction (nmy)
: factor ( f )
11.5 0 0.088 1.360
5.21 1 0.050 2.420
2.82 2 0.035 3.450
2.48 3 0.027 4.460
1.71 6 0.016 7.475
1.22 10 0.010 11.485
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(Sn-Teflon) 80 KV

b= 0.387 a=2.851
TLD Reading | Spacer thickness | Displacement Ko
(um) correction {um)
factor ( [ )
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
1.13 10 0.012 11.485
(Al-Teflon) 110KV b=0.075 a=1.227
TLD Reading | Spacer thickness | Displacement Xesr
T (nm) “correction | (um)
: : factor { f)
1.75 0 0.021 1.470
-1.62 1 0.012 2.480
1.42 2 0.008 3.488
1.31 3 0,006 - 4.490
129 4 0.005 .- 5.492 .
1.15 L6 0.004 7.493
1.00 10 0.002 11.496
(Ti-Teflon) 110 KV b=0.228 a= 1854
TLD Reading | Spacer thickness | Displacement Xemr
(um) correction (um)
factor { f ) :
5.54 0 0.062 1.410
3.90 1 0.035 2,450
3.35 2 0.025 3.460
2.38 3 0.019 4.470
1.82 6 0.011 7483
1.28 10 0.007 11.488
(Cu-Teflon) 110KV b=0.308 a=2.303
TLD Reading | Spacer thickness | Displacement Xer
(um) correction (um)
factor { f)
10.1 0 0.084 1.370
6.99 1 0.047 2.430
4.45 3 0.026 4.460
3.32 4 0,021 5470
3.05 5 0,018 6.473
1.64 10 0.010 11.485
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(Sn-Teflon) 110KV b=0.352  a=2.594

TLD Reading | Spacer thickness | Displacement Xew
(pm) correction (um)
factor ()

14.0 0 0.095 1.360
4.49 1 0.054 2.420
2.10 2 - 0.045 3.430
1.45 3 0.029 4.460
1.13 4 0.024 5.464
1.02 6 0.017 7.470
1.00 10 0.011 11.487

REFERENCES -

1. C. L. Hartmann Siantar, R. S. Walling, T. P. Daly, B. Faddegon, N. Albright,

Paul Bergstrom, A. F. Bielajew, C. Chuang, 'D. Garrett, R. K. House, D.

Knapp, D. J. Wieczorek and L. J. Verhey, Med. Phys., 28 (2001) 1322. ‘

- 2. G. X. Ding, Med. Phys., 29 (2002) 2459.

3. W. Abdel-Rahman, J. P. Seuntjens, F. Verhaegen, F. Deblois, and E. B.
Podgorsak, Med. Phys., 32 (2005) 286.

4, M. R. McEwen, |. Kawrakow, and C. K. Ross, Med. Phys., 35 (2008) 950.




PK ISSN 0022- 2041, CODEN JNSMAC
Vol. 52, (2012) PP 09-29

CHARACTERIZATION OF SOLID AEROSOLS
RELATED TO FAISALABAD ENVIRONMENT AND
THEIR PROBABLE SOURCES

M. A K. SHAHID, K, HUSSAIN AND M. S. AWAN

Departiment of Physics, GC University, Faisalabad, Pakistan
E-mail Address: profkhan786@yahoo.com

(Received: November 30, 2011)

ABSTRACT: A comprehensive study was conducted to investigate the solid
aerosols exposure, their effects and source identification in Faisalabad. For this
purpose, Alr samples were collected from specially selected zones representing
Urban, Rural, industrial, residential cum commaercial 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
regarding 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 eruptlon and |ndustr|al
combustion (565.50%).

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

3. The sources with mixed range were 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 soct particles (13.84%) were analyzed
using SEM.

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

y 1. INTRODUCTION

The present atmosphere is quite different from the natural atmosphere as it existed
before the industrial revolution [1], in termns of its physicb-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 poliution 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 compo_sition of the natural atmosphere. |

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 smog resulted in rapid increase in mortality and morbidity rates and
" depletion of stratospheric ozone due to heterogeneous reactions of chloroflouro
L Carbons with the ozone in 1970s are the examples of such consequehces [2]. All such
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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. '

Atmospheric Solid Aerosols are now well recognized air pollutants contributing

efficigntly to the air pollution in modern era. The term “Aerosol” refers to an assembly -
of liquid or solid particles suspended in the gaseous medium. The particles in the

aerosol are required to be stable in the gas long enough to be observed or measured.

An aeresol is a two phase (or three phase) system cohsisting of both the particles

(solid or liquid) and the gas in wh|ch they are suspended [3] ' '

Aeroscls are ubiquitous in air and oﬂen observable as smoke dust and haze. They
arise directly from emission of partucles (Primary Aerosols) and from the conversion
and condensation of certain gases to pamcles 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 dust mobilization in deserts and produq@idh and decomposition_ of
microorganisms/biological materials in the atmosphere. The other type is
Anthropogenic Aerosols, as their name indicates are generated by an_'thropogenic or
human ectivities like 'fuel combustion, biomass ‘burning as Iwell_ as agricultural,
commercial and industrial activities [6]. o

' 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
he as a highly polluted ciiy 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 diffractien (XRPD), Scannihg electron microscopy
(SEM) and Atomic absorption spectrophotometly (AAS) for the corprehensive
characterization and source identification of solid aerosols. '
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2. DATA ANALYSIS

2.1. MATERIALS

Faisalabad is the third largest city in Pakistan located in the Punjab with the population
comprising of approxirhatély 4 million citizens. The district is situated between 73° and
740 longitudes in East and 30° énd 31.15° Iatitud'es in North, Gujrénwala and
Sheikhupura districts are located in its north [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
season Iésts from November to January. July and August are the m'onths.in which -
maximum rain fall occurs. The humidity in. winter ranges from 46.9% in 'March to
54 5% ?n December while in summer it ranges from S?’% in May to 78.5% in August
[13].

' Total {50} SPN! samples were collected from different sites of Faisalabad city usi'ng :
. Syntax Map Method and Simple’ Random Sampling (SRS) technique [14].« -

2.1.1. ZONE:SLASSIFICATION

The city was ¢ ivided into three zones, Zone | (Traffic/industrial Zone), Zone it (§éfe
Zone), Zone H (Residential/Commercial Zone)

Figl 13 Zone olassifivation of Faisalabad-aity.

Fig.1: Zonal classification of Faisalabad city.

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 | Sources of

No. samples | emission
2K05, 2KO07, 2K08, 2K09,
2K10, 2K15, 2K18, 2K19,

Industrial/Traffic | 2K20, 2K22, 2K23,. 2K25, .

1. | Zone 2K27,  2K28, 2K29, 2K3Q, Industrial/
2K33," 2K37, 2K38 2Ka39, 27 Vehicular
2K40, 2K41, 2K42, 2K43, Emissions
2K44, 2K486, 2K47 '

-l v - R Lo ‘ Residential/

2, Suburb Zone Nl : ~: 3 - | Commercial

' _2K03 2K12, 2K21 ) ,Emissions
P e 2K01,2K02,2K04,2K06,21K11,2 S
. | Residential cum| K13,2K14,2K16,2K17,2K24,2K Background

3. | cornmercial zone 26,2K31',2K32,2K34,2K35,2K3' (Unpolluted

6,2K45,2K48,2K49,2K50 20 Zone)

-
L

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

v . -

Table 1b: Area wise zone classification and grid selection using SYNTAX map method

Area category Welf mtegrated roads Poor mtegrated roads
Ay 4 7
A 4 ‘ 6
A3 T2 ' , 3

* Integrated radius = 5 km,

** Grid selection: (5 x 5) km. -
2.1.2 Sample Collection and Sampling Mechanism

Sample collection was camied out using Kimoto High Volume air sampler. The high
volume air sampler used to pump large volumes of air up to 2000 m* at a rate of 0.8
mmin. 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 mslmin). Particulate matter was
trapped on each filter. Triplicate samples were collected from each place. A high flow
rate (0.8'm3lmin) draw the air samples through a covered housing 20 x 25 ¢m
rectanguliar glass fiber filters. The c(:)vered housing is necessary to protect the filter
from precipitation and faling debris. Glass fiber filter 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‘thal surface

.
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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

Phaselcompound analysis of the SO|Id aerosols were camed out by employlng an
automated powder x-ray d:ffractometer (ngaku model DIMAX I A). The suze and
shape of solid aerosols were examlned by SEIWT EM from sites of spemal scientific
_mterests $3! under 80kv, at X1500, X2500 JEOL—1010 Model and elemental analy5|s
was perforrned usmg Atomic Absorptlon Spectrophotometer (Vanan 1 475ABD) under
controlled condltlons

The x-ray diffraction results reported in 'this study were obtained by running the
diffractometer in the step-scan mode with the diffractometer conditions (Table 2).

Table 2. lefractometer COI"IdItIOI’]S used for analysns

S Setting value

| - p Parameter used

X-Radiation .| Cuk_ (NI-Filtered)

X-Ray Tube Voltage and Current 35KV&20m A

Divergent and Anti-scatter slits 1°

Receiving Slit S {013 mm& 0.3 mm

Goniometer Scanning speedlstep w;dth 1°min/0.02°

Rate meter time constant 1sec. -

Detector ' ' Scintillation Counter !

Start angle C 85° (20)

Stop angle 3°'20)

The peak intensity, peak width at half maxima, d-values and Bragg ahgles 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 REIH(W;:;}}:I)H sty
Q 0.85
IL 0.20
T . 0.32
G . 0.83
CH 0.23
AL 0.36
CA 0.74
HM 0.89
HL 0.65
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SP ‘ 0.48
MU 0.70
WS 0.16

R 0.27
AN - 0.65

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

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

. were passed through wo SIeyes for getlmg two paris of each sarnple havmg partlcle

‘ size less than 53 mlcror}jrete'r and Iese tr;ao z5._t;o1crometerf AII the samples were |
pressed gently in to aluminum/ glass holders before Ioadmg each of them on XRPD

goniometer. The famous Henawalt and matnx ﬂush:ng methods were empIOyed for

qualitative and quantitative analysis of the compounds present m solld aerosols
3. RESULTS AND DISCUS§1_ON .

Environmental pollution due to solid aero sols -is a major problem of the modem
civilization. It is being increasingly felt that clean environment is as.important as the
basic necessities of life such as food, c!oth and shelter. éoﬁlronmental problems in
Pakistan are growing at faster rate as compared wnth growlh m the economy Itis
evident from massive deforestatlon salinity and water Ioggmg combmed with
progressive desertification, extmctlon of wild Ilfe 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 lndustrzal expansnon accompanylng in
the population growth are the major factors responsmle for envuronmental pollution in
general and a:r_polluhon in partlcular. The vehicle on city roads have been increased
many folds and there are a great number of Industries in Faisal.abéd 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.

Table 4: Statistical analysis of major identified phases

Sample | Nature | Phases Max, Min. | Mean | S.D. cV
coding | ofthe | identified
zone .
2K95 RIC IL 64,21 | 6.15] 3518 | 41.05 | 116.68
2K14 R/C . CA 64.52 | 1.92| 33.22 | 44.26 | 133.23
2K15 T G/T 7058 | 422 | 3741 | 46.90 | 125.36
2K47 T Q '64.02 | 868 | 36.35 | 39.13 | 107.64
2K32 R/C CH/CL 40.41 | 6.11| 23.26 | 24.25 {1 104.25
2K42 T - AL 3420 | 6.51| 20.36 | 19.57 | 99.11

XRPD studies carried out by matrix flushing method show that Gypsum and Talc is
present in highest amount as indicated by their means (37.41) for each in almost all
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the samples and Quartz (36.35), lllite (35.18), Calcite (33.22), Chlincore (23.26) and

Albite (20.36) are also found in appreciable amount. llite, Quartz, Calcite, Gypsum
and Talc together were present in the samples with almost comparable mean weight

percentages i.e. around 34% with their minimum and maximum values 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 samples with 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 interesiing results as Faisalabad environment does not contain any soirce
"of these minerals: hende their origin lies at remote areas, the same'is true for other
such minerals. The detection of R, AN: HN, HL, SP, MU and WS as minor phases or
the rion-existence of these phases in polluted range is becausg of their larger size and
fot dus 1o their existence -below critical limits. These -phases “are of metallic,” semi
metallic and non-metallic’ nature, therefore their stidy'becomes very important
because they when combined with Oxygen Sulphate (SO4-2) and ‘carbonate (C03-2)
radicals results the formation-of complex compounds which shows tha intéraction-of
Industriai and Transportatlonat dust fumes w1th SO|ld aero sols” and poliute the
environment, th|s aspect is e\ndent from Gray (56%) f Black (30%) and Yellow (14%)

color of most of the selecied samples along with non-identified phasos:_ T

-

Mlcrographs taken from SEM showed that the size of the selected samples varies
'from 2um to 93. Spm e.g. mlxed composmon of fine and coarse parhcles whlch
indicates the complextty of the Fansalabad The size classn“ cation for four fractlons PM
(0 5 10) pm PM (1 0-20) um PM (20 40)pm PM >40 pm was carried out usmg sneve
method and confn"ned by SEM PM (0 5 10) pm were found to be most abundant in
the atmosphere of Falsalabad followed by PM.(1U 20) pm and PM (20-40)um while
coarse/giant particles PM>40pum showed lower concentration in 5 specialty selected
sites (831 — $35) as shown in the table below:

Table 5: Size Distribution of the Solid Aerosols

Sample Code | 0.5- 10pm %[ 10 -20pm % | 20 - 40pym % | > 40pm %
s71 - 7812 15.62 8.25 -ND-
sz 60 20 20 -ND-
s13 65.00 . 16.66 10 23.34
S’ 4 38.46 38.46 23.07 -ND-
§° 5 71.42 17.85 | - 1072 -ND-

Since majority of solid aerosols are in respirable mode and have anthropogenic origin,
they may cause Severe health hazards as a result of their inhalation. Some
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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 partictes (Industrial and transportational origin) are more
prominent. Since the SEM used in this study was not equipped with EDX facility. The
- elemental analysis ‘could not be carried out for confirmation of AAS results. For.SEM
results see in (Annex [y{18-19]% - ' SO
R R SIRTTATS L SO R JVC L TR PR Ve T
. Wet Chemical analy5|s (WCA) of some samples was aiso carried out to check the co-
_relationship between |dent|f' ed trace elements, by AAS and Phases of compound
analysis by XRPD but nothing wasmfounq common between:tnem except visibility
reduction i.e. opacity or absorbance which éhoxvs semitrénsparent, semi opaq%{élsgack
emission as the most basic effect of air pollution seen.in:the background, of SEM
micrographs, confirmed through QA/QC activity and Ringleman chart technique (EPA
USA). The present study does not indicate any ‘co-relationship, between .trace
elements and identified phases in solid aerosols (Table 6 & 7) [20-25]. .

. B '-L‘u- " calye .b i Pl v ', 1 T (ot ' t
Table &: Concentrations of Trace Elements (ppm)l 1

Sample | Nature [“Element | Maximum| ' Minimum - {' Mean |**SD- |~ CV -
Coding | of The | Identified|.., Conc. | . Conc. . "1 Conc. |y, . | =
~ Zone ' . .
Range
2K186 R/T Ni 0.80 v 0.001 0.4505 | 0.6357| 141.12
2K78 T/R Cu 212 0.001  [-1.0605| 1498 | 141.25
2K11 R/C Pb 0.082 | . 0.001 0.0415| 0.057 | 27.14
- ' . - L N I - -\\\ -1 s U’(ﬂ ;I , a e
Table ? Companson of Identified Elements (Pollutant Macro Dynamlc E umbnum)
< Or>Qr= PS Cd | Cr [7 Ni “Cu’” Zn 'Pb
Violators © | T 54% 7| "25% 29% | 3% Nill -|. 24%
-
Followers = 3% 7% Nill Nill Nill 4%
Better living standards 43% | 68% 71% 97% 100% | 72%
<

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

PS* = prirnary standards

The Wet Chemical Ana[y31s does not detect any compounds of Cd, Cr, Cu, Ni and Pb
as shown below (Table 8) [26-28].

El

Table 8: Wet chemical analysis of solid aerosols _
Oxide . Percent composition of
Solid Aerosols
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Si0; 60.4800
Fe;0s 8.3000
TiO; 9.3000
Al,O3 9.3000
CaC 7.8000.
Na; 0O 5.1600
KO . 2.6666
Loss of Sample was observed | -12.0200

Solid aerosols contnbutlon towards rain acidifi cation depends upon PH value, which
gives us the proper ldentlt' cation of regions where acldlo rains can take place. Keeping
in view the PH value of solld aerosol samples, the ao|d|c raln probablllty was
calculated-zone W|se as given in table 10. Color of the samples and thelr PH values
represents that the overall probablllty of acidic rain in the Falsalabad envnronment is
only 20% as dep:oted in Table 9. ' -

4 H b

Table 9: Zone wise Probability of AC|d|c Ram

Zone PH Value Probability
Normal or acidic Zone (1} ° 7-8 ' 49 %
Highly non acidic Zone (2) - 8-8 42 % "
- Very Highly non acidic Zone (3) .| "9 & above | F9%

. . P S
£ : e r ' [P 4 -~ Yok wo s
A

Table 10: Probablllty of Acidic Rain based on color and PH value

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

T e , .
The probability of acidic rain may however be completely ruled out in highly non acidic
zone and Very highly non acidic zone (Table 9 and 10) because of the alkaline nature
of solid aerosols which completely‘ neutralizes the acidity of the atmosphere at
present. Norma! 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.

Using the source marker table (11), [29-32], it was found that sources of solid aerosol
pollution are 36% (Si rich), 27% (Al rich), making 63% primary origin while 9%
(K/CaiNa rich), '8%(Ni based) . 19% (Cu based), 0.72% (Pb based) making 37%
secondary on’glrt 'cOnﬁmied'through XRPD compouno analeis and AAS elemental
analysis. Thls 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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asrosols are vehicular emissions (55.5%), metal industries (16.67%), coal combustion

(13.68%), road dust (11.12%) and fly ash (2.72%) respectively.

"

Table 11: Source Markers for solid aerosols

Chemical Species Possible Sources
Potassium (K) - ‘Wood combustion, forest fires, prescribed
: burns, meat charbroiling
Sodium (Na") and Chloride (CI) ‘Sea Salts
Nickel (Ni) and Vanadium (V) | - - Residual Oil combustion
Aluminium (A, Silicon (Si), Calcium [ Primarily from “soil” But also Smelters
(Ca), lron {Fe), Titanium (Ti) ~ - and Indicators {Ca, Fe) . .
Lead (Ph) ‘ ~ | Vehicle exhaust/ Resuspended road dust | *°
" Bromine (Br)- " - & . wVehicle exhaust. . . 4 -
Copper (Cu) L Smelier
Elemental Carbon (EC) T Fuel combustion and wild fires
Organic Carbon (OC) "~ -]~ ' Fuel combustion and wild fires -+ ™
Hopanes and Steranes ‘ Primarily mobile emissions
Polycycling Aromatic Hydrocarbon Fuel combustion
(PAHS) Lozt .
Guaicols and Syringols Biomass combustion
S

As for as fine to coarse ratlo is concerned, it is calcu!ated for Faisa[abad Pakistan and
compared with the other smular studies conducted in’ ASIa "It was found that average
fine to coarse ratio ie, 2.66.for-Fatsa|abad is much greater than 0.68 for Nagpur,
India, 0.78 for Hong Kong, China and 0.23 for Islamabad, Pakistan. Fine to Coarse
ratio for Faisalabad environment showed ve:y hlgh figures as compared to other Asian
cities. It was almost 4 tlmes maore than that of other similar studies as shown in Table
12 [33-34]}. o ’

R
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Table 12: Mixing ratio of fine to coarse Solld Aerosols

Sample Code { pm2.5/pm10
2K01 2.608686
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 - © 2.650986

These results show thét the Faisdlaﬁad ié much rn"dre g§olluted not only withq in -
Pakistan but also within its neighbors like India and Chma Flne to coarse ratlo can
also be used as an important indicator to mfer PM2.5 concentratlon from ex1st|ng
PM10 monitoring network available from many air pollution network sponsored by
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Government and Semi government agencies. it was also found that opacity is greater

than luminosity which confirns the formation of Faisalabad Urban Boundary lL.ayer
(UBL) at (9m x 15m) probably related to Urban Canopy N-W high concentration
maximum lgad of TSPM, (Sheikhpura to Jhang) S-E low concentration minimum [oad
of TSPM, (Sahiwal/Okara to Sheikhupura) and converse which is due to Geographical
and Geologica! setup of the selected sites as shown below (Table 13).

Table 13: Fall Rate (Tons/km2/month)/\ind Direction . -

Distance] N-W | S-E'| N-E‘[-S-W
f3m 174 78 126 '| 105°
6m 148 64 108 102
9m | 128 52 94 | §6
12m | 106 38 72 | 72
15m 85 25 55 54

B T

This may “cause the shielding of Solar Radiation and hénce decreases luminosity.
Thus Traffic ‘accident rates become more significant in evening (expansiori‘in the
canapy) than that of noon (contraction in the canopy) like rubber in spring. This state
of affairs also indicates that the Solid Aerosol pollution at'Faisalabad is positively
contributing towards Global Warming not anly because of Greenhouse gases but also
due to shielding capability of Solid Aerosols. So, it is strongly recommended that
immediate .action must be taken to tackle with the pollution at Faisalabad. Wind
direction effect, longitudinal and altitudinal effects on the._gonceptration of solid.aero
sols shows that N — W direction has maximum load, hence it may be considered as
potential - danger region. for acidic rain but due to Alkaling_nature of Carbonates ,
bicarbonates of Ca, Na, K and Mg this may not happen. S — E direction has minimum
load, which favours the nonoccurrence 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 aerosols follow inverse
square law, except some samples collected from sites of special scientific interests
(831). This confims the heterogeneous and complex culture of Faisalabad
environment. No doubt these results are slightly disagreeable with international
standards, but such type of information 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 matter hence decreases its nucleability. A simple theoretical
model was used to study this aspect. The most of the identified phases in the present
study have large values of lattice misfit and they are poor nuclei parlicularly Quartz,
Calcite and Albite which are poor nuclei they remain suspended in the atmosphere for
iong periods, depending ﬁpon their size hence supplement the poiluiion level of the
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atmosphere as shown below (Table 14).

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

Basal Misfit| Prism Misfit
Identified | Crystal System| a(A%) | ¢ (A% % age % age
Phase

ICE HEXAGONAL| 4490 |1 7.338 [- - ' e
QUARTZ HEXAGONAL | 4.913 5.450 9.2 17.8
ULITE MONOCLINIC |- 5.190 | -20.160 2154 « 95.1
CHLINCORE | MONOCLINIC| 5.320 | 14.200 |. 183 56.1
CALCITE HEXAGONAL | 4.9839 | 17.062° 10.9 71.7
GYPSUM MONOCLINIC| 5680 | 6510 | ~ "16.3 18.8
TALC MONQOCLINIC| 5.287 |” 18.964 175 . 88.0

ALBITE _ TRICLINIC | 8.144 | 7.160 . 81.0 41.7

* EHY

In most of the sampleé identified phases ocour as patches rather than single grain, so
heterogeneity and aggregation of the Faisalabad environment is a dominating factor in
our experimental findings. One possible explanation is that oxidation processes have
converted the sulphides of identified phases into a soluble hydrous Suiphate which is
confirmed by the Sulphate mineral as Gypsum detected in clay minerals by XRPD
technique. - o , o L

The other possible justification is that the presence of fly ash, read dust and pollens
present in the ‘Faisalabad environment have interlocked the identified phases into
patches, the oval and irregular shapes of the majority of the samples also support our
justification (Confirmation of Presence of Fibrous Material) as shown in the
micrographs of SEM (Secondary Electron Microscopy).' This state of affairs also
confirms the “stability “of the Faisalabad environment.” Howéver: further work is
suggesied to reconcile satisfactorily the techniques used in this study and their co-
relationship with morphological structire studies. It is hoped that this study will be very
usefu! towards the future environmental study programs related to Industrial areas
cum commercial areas like Faisalabad [35-36].

4. CONCLUSIONS

The solid aerosols samples collected from various zones in Faisalabad show that they
contain stéadily the compounds namely Quartz, calcite and Albite as pollutants. The
industrial zone has more amounts of quartz than that of residential zone. The source
of these minerals is both local and remote The approximate size range of most of the
dust particles is about 1 micron to 46 micron. Such particles remain suspended in the
atmosphere for longer periods of times because they are not efficient nuclei of ice.
The particles are therefore inhalable and can cause serious health hazards.
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Some of other important conclusions are as foilows:

+ - No chance of an acidic rain due to the presence of Calcite for the time being ~
20%. B
. 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 Faisalabad Environment has been changed).

. Source Marker method is as competent as Prlnolpal Component ‘Analysis
{PCA) and Cluster Analy3|s (CA) methods for source apportionment.

. Zone classification has no positive aspect all zones have dirty and clean
patches i.e., mapping of Faisalabad is totaily misfit with respect to Environment
friendly. i _ : i -

» Most of the identif ed phases are poor ice nuclei i.e., have large lattice misfit,
‘stay longer and supplement po!!utlon detection of Urban Boundary Layer (UBL) in
urban canopy (8m x 15m) just equivalent to rubber spnng -

. 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 giobal warming and converse [37-40],
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ANNEXURE
DETAILS OF SITE SELECTION

KS - 01: (C/R): Faizabad Market start

KS - 02: (C): New Graveyard

KS - 03: (C/A): Outside UAF

KS - 04: (C/R): PMC Sargedha Road side

KS - 05: (I/C): Crescent Textile Mills

KS - 08: (R): Guishan Colony

KS - 07: (T/R): Police Line outside

KS - 08: (R/T): near Allied ﬁospital & PMC side
KS - 00: (H): inside Allied Hospital "

KS - 10: (R/T): Razabad outside

KS - 11: (R). Jinnah Colony

KS - 12: (C/A/H): Between Sahal Hospital and Eait Inn
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KS - 13: (C): Shaheed-i-Millat Market

KS - 14; ( R/CIT): Islamia College Vo
KS - 15: (T): Jail Road

KS - 18: (R/T): Income Tax Office

KS - 17: (R: Model Town inside

KS - 18: (R/T): GC University

KS - 19: (R/T): between Ayub Research Colony &Niab

KS*T 20:'. (R/M): Amy Food Industries é

KS - 21: (8 bazaars) Clock Tower

KS - 22: (T/R): Habib Bank building

KS - 23; (I/C: General Bus Stand

KS - 24: (R): Regency Arcade

" K8 - 25: (H): Saint Raphaei Hospital

KS - 26: (C): Railway Goodams

KS - 27: (T/C). F.M.C. (Circular Road) ’ -
KS - 28: (C/l): Between Barah Market & Lyalipur Cotton Mill
KS -29: (C/T): Beneath Overhead Bridge

KS - 30: (C/T): Near Raiiway Station - s

KS - 31: (R}): Tariq Abad inside

KS - 32: (C/R): between Nigebanpura&Mansoorabad

KS - 33: (C/): outside General Bus Stand

KS - 34: (C/R): Rafhan Mill

" KS - 35: (C): Flying Coach Stand ... ... ...

KS - 36: (C/R). Between DeegoResturant&SpmzerResturant
KS - 37: (VR/A): Muhammad Abad, Sitana Road

KS - 38: (I/R/A): Overhead Bridge cinema side

KS - 39: (I/T/C): Overhead Bridge opposite cinema side

KS - 40: (T): Quaid-i-Azam Road

KS - 41: (I/T): Government College Samanabad

KS - 42: (T/C): New Big Graveyard, Jhang Road .

KS - 43: (/C) :Samundri Road

KS - 44 (l) : lron Market

KS - 45: (R/A): Outside Peoples Colony-2

KS - 46: (I/C) : In between Peoples Colony-2 and Peoples Colony- _ ‘
KS - 47: (I/R/C): Jaranwala Road outside Kohinoor Mills |
KS - 48: (R): Inside Kohinoor Mills

KS - 49: (R}): Inside Madina Town
KS - 50: (V/R/C): Madina Town and Kchinoor Mﬂls
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AREA WISE ZONE CLASSIFICATION USING SYNTAX MAP METHOD

AREA-1

Gy

INTERCITY HIGHWAYS:
Sargodha Road
Sheikhupura Road

CITY ROADS:

Bilal Ro 1d

Millat Road

Jail Roid

Stadiurn Road

Ga:

INTERCITY HIGHWAYS:
Narwzla Road

Jhang Road

CITY ROADS:
Allamalgbal Road
Govenment College Road
Natinnal Hospital Road

AR[ZA-2

Gy

INTERCITY HIGHWAYS:
Summundn Road
C:i'TY:FOADS.'

Digkot Road

Samanabad Road

Gy

INTERCITY HIGHWAYS:
Summundri Road
Sityana Road

Jaranwala Road

CITY ROADS:

Railway Road

Circular Road

Kohinoor Road

Madina Town Road

{(Zone-1)

3.375 km
1.5 km

0.30 km
1.75 km
2.875 km
1km

3 km
2.25 km

0.875 km
1 km
1.75 km

{Zone-2)
3.25 km

2.125 km
1.50 km

1 km
2.05km
1.82 km

0.75 km
2km

0.50 km
0.50 km
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AREA-3

Gy

INTERCITY HIGHWAY:
Jhumra Road

CITY ROAD:

Madina Town Road

-

Gs:

INTERCITY HIGHWAY:
Sheikhpura Road
INTERCITY ROAD:
Jhumra Road

CITY ROADS:

Millat Road

3 km

{(Zone-3)

1.375 km

0.75km

0.375 km

3.25 km

The solid aerosols samples collected from various zones of Faisalabad were

an‘élysed 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

O

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

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

Table 1: Weight Pércentage of Phases in SPM collected from Zone 1

Sample

R - 1L Q CHICL AN CA AL GIT HM |y HL [ 8P ]y MU -[: WS
Code .
2KOS BOL BOL 74.09 BOL BDL 5.29 BOL 11.58 BDL 9.02 BDL BDL BDL
2KOT - BDL BOL 1241 BDL 5.42 16.84 BOL 5,24 BDL BOL BDL BDL BDL
2KOB BDL BOL 26.08 BOL 8DL | 1304 | BOL 26.08 BDL BDL 17.39 BDL BDL
2K08 BDL BDL 76.36 BOL BDL | 2363 BOL 17.03 1252 | 16.05 BOL BOL BDL
2K10 BDL BOL 4115 BOL BDL BDL BDL 29.91 12.52 BDL BOL BOL aDbL
2K15 BOL BOL 29.42 BDL BOL BDL BOL 70.58 BOL BDL BDL BDL BDL
2K18 BDL BDL 16.38 BOL BDL | BDL 16.72 BDL BDL 39.40 | 4378 | 1672 | BDL
2K18 BOL 66.2 16.60 14.38 BOL 3.72 BDL BDL BOL BDL BOL BDL BOL
2K20 BDL BOL 38.36 BDL BOL | 18.32 37.67 8.62 BDL BDL BOL BOL BOL
2K22 BDL 39.62 5.72 17.03 BDL 5.69 11.68 1543 BDL BOL BOL BOL BOL
2K23 BOL 37.09 BDL 30.70 BOL | 10.00 BDL 4.84 BOL BDL BOL BODL BDL
2K25 BDL 23.56 BOL 29.32 BDL 1263 19.42 BDL BOL BDL BDL BDL BDL
2K27 BDL 56.68 | 13.34 | " 1518 7.06 BOL BDL BDL BOL BDL BOL Bt BDL
2K28 BOL 3497 | 2782 BDL BDL 3.72 7.74 BOL BOL BDL BOL BOL BOL
2K29 BOL 63.63 14.98 BDL BDL 8.24 5.82 7.4 BOL BOL BDL BOL BODL
2K30 BOL BOL 2.96 14.14 BDL 7.58 23.54 10,21 BOL BDL BOL BOL BDL
2K33 BDL B.28 BOL 35.28 BDL BOL 22,53 8.54/ BOL BDL BDL BOL BDL
25.33
2K37 BDL 38.09 BOL 33,12 BOL BOL 2118 7.61 BDL BDL BDL BOL BDL
2K38 BOL 33,62 BDL 29.24 BOL BOL 18.67 8.09f BOL BOL BDL BOL BOL
: 10.34
2K38 BDL 54.4 4.87 19.92 BOL | 10.27 BDL 5.51 BDL BDL BDL BOL BOL
2K40 BOL 99,73 [ 20,37 15.58 BOL BDL BDL 4.32 31.52 BDL BDL BOL BOL
2K4 BOL 36.83 10.34 33.09 BDL 6.80 12,34 BOL BOL BDL BDL BDL BOL
2K42 BDL 6.15 14.48 BDL BOL | 13.63 34.20 BDL 19.6 BDL BDL BOL BOL
2K43 BOL 48,28 11.38 611 BOL 577 28.00 BOL BOL BDL BDL BOL BOL
2K44 BOL 37.03 8. apL BODL 8.47 20.57 19.60/ BOL BDL BDL BOL BOL
5.60
2K4B BDL 4582 | 10.77 16.33 BDL 8.09 BDL 722 BDL BDL BDL BoL BoL
11.73 . -
2K47 BDL 9.87 54.02 BDL BOL | 14.17 11.83 BDL BDL .BDL BRL BOL BOL
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Table 2: Weight Percentage of Phases in SPM collected from Zone 2

Sample R L Q CH/CL AN CA AL GIT HM ML SP ‘ MU w5
Code -
2K03 BOL BDOL 24.42 BOL BOL 21,78 BOL 18.84 BOL | BDL BDL BOL 33.82
2Ki2 15.98 BOL 25.92 BDL BOL BOL BDL 32.03 682 | BDL 19.84 BOL BOL
2K21 BOL 35.48 26.34 21.18 BOL 17.00 BDL BDL EDL [ BDL 8DL BDL BOL

Table 3 Welght Percentage of Phases in SPM collected from Zone 3

Sample CHICL CA AL GIT HL SP MU WS
Code

| 2KO1 BDL BOL 66.80 BDL 5.31 23.23 | +abL - BOL 80L BBt BDL 8DL 531
2K02 BDL BDL 29.02 BDL BOL BDL 80L 28.70 B80L 1.9 BOL | 30351 BOL
2K04 33.66 BOL 16.99 BOL |} -BDL 15.06 BOL 17.88 5.78 BOL | .BDOL-| 10.60 7 RBOL |
2K08 BDL BOL 37.80 BDL BOL [ 28.61 BDL 15.97 EDL 1213 | BODL 5.47 BOL
2K11 BOL BOL 28.17 BDL BOL [ 28.38 BDL 31.39 6.88 BDL BOL BDL BOL
2K13 BDL BDL 32.03 BOL BDL [ 35.02 BOL 20.80 ‘BOL - [~ BOL BOL BOL BDL
2K14 BDL BOL 14.57 BDL BOL [ 6452 | EBDL BDL BDL BDL BDL {. BBL BDL
2K18 BOL BOL 18.54 8DL 43.50 17.40 BOL 19,54 BDL BDL BDL BOL BDL
K17 BDL BDL [ 34.02 BOL BDL BDL BDL 13.64 52,38 BOL BDL BDL | 8OL
2K24 BDL 3495| 2562 | 1516 BDL BDL BDL 7.85 BOL B0L BDL BOL BOL
2K26 BDL 7185 | 1585 | 1566 9,34 | '+ BDL 20.5 BDL BOL BOL BOL BDL BOL

2K31 BOL BOL £.68 30.20 8DL 10.06 208 8.968/22.18 8DL 8DL BOL BOL BOL

2K32 BOL BOL B.62 40.41 BDL 12.56 BOL 11,18/20.02 BDL BDL BDL BDL BOL

2K34 BOL |-- &2 14.56 BOL BDL 8.92 6.54 7.94 BDL BOL BDL BDL BOL
2K35 BOL | -52.39 12.32 BOL BOL 1.92 22.10 4.24 BOL BOL BDL BOL 80L
2K36 BOL 36.50 BOL BOL BDL 9.86 21.52 0.32/22.78 BDL BDL BOL B80L BDL
2K45 BOL 64.21 1510 11.33 EDL 80L 8.51 2.82 BDL BDL BOL BOL EDL |
2K48 BOL 37.64 19,33 13.34 BDL 1198 | 17.65 BOL BDL BDL 80L 80L BOL
2K49 BDL 2969 | 1574 21.62 BOL BDL 26.38 7.22 - BDL EDL apL BDL BDOL
2K50 BDL 19.66 43.35 10.50 BOL 16.69 8.77 BDL BDL BOL-| BOL BDL BOL
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Figure 2: Welght Percentage of Phases |dentified in SPM of Zone1
presented in three patches
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Quartz was present in amounts ranging between 4.9 to 74.1 % in the SPM of Zone 1,
24 4 t0 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. llite was found to vary rangirig 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 2t0 4 show the weight percentages of phases for Zone 1,
Zone 2 and Zone 3 respectively.
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Fig. 3: Weight Percentage of Phases Identified in SPM of Zone 2
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Fig. 4: Weight Percentage of Phases |dentified in SPM of Zone 3

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

all SPM samples are Quartz, lllite and Calcite. Gypsum was identified in some 30
samples with amounts varying between 4.6 to 29.9 % for Zone 1, 19.8 10 20 % 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.

The XRPD results do not show any dependence of the weight percentages of the
identified phases on Zone characieristics. The occurrence of ihe phases in almost all
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the Zones is found similar in weight percentages; such a result that the weight

percentages of the major phases such as Quartz, lllite, 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 smali. 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.

The phase analysis 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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. Fig. 5: Some SEM Micrographs showing Morphology of Solid Aerosols
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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 an evidence of surface changes with substantial increase of
surface hardness. XRD pattern confirmed the formation of hexagonal ax-Ti and o-
TiNo.2s phases. Moreover, the discharge conditions at 2 mbar pressure for 14 h
are favorable to nitride the surface of titanium. . " o

'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, .military
hardware, medical implants, dental products, prosthetic devices and orthopedic
applications due to their low density, low modulus of elasticity, strength to weight ratio,
good corrosion resistance and biocompatibility [1]. These surface properties can be
improved by exposing samples in nitrogen plasma environment. Nitriding of titanium
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 s0 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. 1t requires short
periods of nitriding 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, 8)].

Titanium nitrides have many applications in different industrial areas such as in cutting
machineries, anticorosive coatings, turbines, medical and biological materials
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(especially artificial teeth and bones), structural materials in deep sea,

microelectronics. Physical vapor deposrtron (PVD) techmques are wndely used to
deposit materials on a large vanety of substrates [7] The coatmgs by this technigue
are used in variety of appl:catrons such as optrcal electrical, mechanical, chemical,
and decorat[ve purposes. Low temperature plasmaf mtndlng is highly desirable to
retain corosion resrstance and wear re5|stance It can also produce nitrogen-enriched
diffusion up to a srgmf icant depth and better adhesion in addition to create a hard
surfaee layer [8]. ’ T

Langmuir ,'3rdbé‘is one of the refiable diagnastic techpiques widely dsedjfor?neasuring |
the p[asma parameters such as electron temperature (eV) [9,10], electron number
density (cm ) [10 11]' and e!ectron energy drstrrbutron functlon (EEDF) referred to as
the Druyvestyn method [‘[2 13] "These parameters influence the productlon of active

- species by .!_[JF'.E!?“_C eglhsrons, plas.rna.rhhea_ctrgdr_ts, qerl]d ptasrr_aa er.rr_face mteractr_pns.

This paper reports the characterization of 50:Hz ac generated. nitrogen plasma for
nitriding of titanium and the effect of plesma parameters on the growth of njtqded thin

R

film in terms of crystal structure, surface morphology and micro-hardness.

2. “EXPERIMENTAL SETUP

TR S A . T o PO e ) ., : e Bl

“Nitriding of titanium specimens is carried out in plasma generated between stainless
steel electrodes each of 14"cmi diameter and thickness of 2 cm. The electrddes
assembly is arranged in "a ‘parallel plate (capacitive) configuration “having - inter-
electrode spacing of 3 cm and housed in a'stainless steel vacuum chamber of
S R T s PRI it

X v

‘diameter and height of 32 cm shown in Fig. 1.

3 D i . "y

Malr [
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Fig. 1: Experimental set up of the plasma nitriding system,. - ..
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The base pressure of the chamber is %10 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 transformer through an inductive
load which limits 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 requrred pressure in the chamber The ~temperature of samples is
monrtored by thermocouple and merntarned at 300°C Natrogen plasma rs generated m
abnormal g[ow regime. Langmurr probe -V charactenst[cs are recorded by varyrng
pressure from 2 mbar and 3 mbar at constant power for DC bras vottages swept from -

gl

100 Vto +100 V. Itis observed that energetrc spemes are produced at2 mbar and 3
mbar pressures [5] whrch are selected after dlagnosrng the plasma and on the bagls:of
previous studies. Therefore, only two pressures arg used to mtnde the surface of
titanium. After nitriding the samples are cooled down in vacuumn chamber in nitrogen

" atmosphere for 1 h.

Specimens* of titanium (9 x 9 x3mm’) are mechanically polished with +0.05mm
dimensional accuracy using SiC abrasive paper on Stuers Knuth-Rotdr-3 ‘polishing
machine, to a mirror finish; and then cieaned ultrasonically for 30 minutes with water.
A Philips X' Pert PRO Panalytical x-ray diffractometer is used for analysis of nitrided
titanium speclmens which is operated at vottage of 40 kV and current of 40 mA for Cu
Ka, radiation (A = 1. 540598 A) source. Topography and [ayer thrckness are
investigated using Olympus CK 40M-CP (Japan) optical -mrcroscope. The microscope
is attached with the Olympus.Camedia C-5060 digital compact high revolution camera.
The modified thin layer of the nitrided samples 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.

3. RESULTS AND DISCUSSION

3.1. Plasma generation reactions

Plasma consists of [ow and high energy nitrogen atoms or ions or electrons. In this
plasma, the electrons are usually much mare energetic than ions. These electrons
play significant role 'in different chemical reactions, thereby interacting with nitrogen
and titanium and excrte the species through inelastic collision. These species can also
absorb in the surface of trtanrum [8]. These atoms and radicals from the plasma can
also 'react with species aIready adsorbed on the surface to form compound and
release energy as a heat whrch would ralse surface temperature. With the increase of
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surface local temperature, nitrogen atoms and ions can overcome chemical barriers

and diffuse into the substrate.

Nitrogen diffuses into the titanium forming interstitial soluticn of nitrogen in the
hexagonal closed packed ¢ — Ti phase. The surface layer formed is called diffusion

zone (&, ) [2]. This process can continue as long as the a — Ti matrix can dissolve

nitrogen at the nitrogen medium/solid interface (where the nitrogen concentration is
the highgst). Dissolved nitrogen reacts at the mterface and leads to the formation of a
rnew phase TiNg2s [2 14] Expenments [15- 16] and theones (17] have demonstrated
that kinetic energy of i impinging ions and neutrals can enhance adatorn mobility which
is beneficial for surface diffusion, collision mlxmg and chemlcal reaction. This
1mproves the surface morphology and decrease the defect density.

“t

»

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],

. V VR g
jo )___(m( )J d*1,()

2e av? M.

where f. (V) is the el_ectron energy distribution as a function of orobe voltage EV),

V', plasma potential, 4 the probe area, [, the electron saturation current, ¢ 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].

={J=2-m bar
1.0 =)—3-m har

Normalized EEDF {eV™'% em™)

T2 4 [ H 10 12 14 18
" Energy {eV])

Fig. 2. Variation of electron energy distribution function (EEDF) as a function of
energy for 2 mbar and 3 mbar filling pressure.
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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 collisions

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 wiiich 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'w the surface. [20].
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Fig. 4: Variation of electron temperature and density as a funci on of filling pressure

of nitrogen.
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3.3. X-ray diffraction analysis

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) confirming
the closed-packed hexagonal (HCP) structure of alpha-titanium (a-Ti).
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Fig. 4: The x-ray diffraction patterns of titanium specimens for different
processing time at (@) 2 mbar filling pressure (b) 3 mbar filling pressure,
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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 rmatrix.
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Fig. 5: Magnified XRD‘spectré 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 time, the intensity of a-Ti phase increases at both pressures by

the diffusion of nitrogen. Additionally, at 26 = 74.10° a small and broad diffraction
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peak of (200) reflection is observed at both pressures for different treatment time

durations.

Fig. 6 shows the crystallite size of (101) reflection plane as a function of nitriding time
which is calculated from Scherrer’s formula [22],

: KA
Crystallite size = ————— 2
1 . i FWHM cosé@ @

Where K is a constant ha\}iﬁg value of about 1 and Full width at half maxima (

. FWHM ) is the broadenlng of diffraction line measured. It is found that the crystallite
size lncreases at 2 mbar filling pressure for 2 h, 10 h and 14 h due to the increase of
nltrogen incorporation due to the increased adatom mobility. These incorporated ions
produce stresses in the top surface layer. The decrease in crystall:te size is observed
at 6 h, Wthh is du’e 1o the dlffusmn of nitrogen atoms or |ons resulting in internal
stresses [23]. Thls also related to the growth of thin film [24] However, at 3 mbar
pressun_e, the crystallite size increases at 2 h, whereas it decreases after 2 h and
almost remains the same for the other durations of {reatment ti?ms.
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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 related to the presence of nitrogen contents in the samples

[24, 25].
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Fig. 7: Variation of intensity as a function of treatment time for pressure of
(a) 2 mbar and (b) 3 mbar.

As pressure increases, the intensity of (101) reflection decreases as compared with
the intensity at 2 mbar pressure for 14 h, causing the degradation of crystallinity {26].
Because the formation of more densely nitrided fayer 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).
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3.4, Optical morphology

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 ptasma 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]. '

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

Fig. 9 shows the cross-sectional 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 nitnded surface layer
thickness increases with the increase of treatment time durations and decreases with
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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].

Modifierd ];yér (TiN)

1

Ti-subsirate’

————

~ 40um

Fig. 9: Cross-sectional optical macrographs of specimen treated at (1) 2 mbar pressure
for (a)2h (b) 6 h(c) 10 h (d) 14 h. (I} 3 mbar pressure for (€} 2 h (f) 6 h {g) 10 h (h}
- 14 h.
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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.

3.5. Surface hardness measurements

Fig. 11 shows the surface hardness measured as a function of different imposed lpads
(0.01, 0.025, 0.05, 0.1, 0.2, 0.3, 0.5 Kgf) for dwell time of 5 5 using micro hardness
" tester. The sharp decrease in the hardness with the increase of load suggests the
formation 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 mbarAﬁIIing pressure of nitrogen for 14 h of ‘processing time for the
- imposed |load of 0.01 Kgf compared with the hardness (260 HV) of untreated sample.
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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. '

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 at 2 mbar and 3 mbar pressures confirm the formation of ay-
Ti and TiN phases. These phases are abserved 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, 8, 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
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observed that 2 mbar pressure is more favorable for infusion of nitrogen in titanium

matrix.
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