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ABSTRACT

A venturi scrubber is designed to effectively use the energy fro
the liquid being used to scrub the gas stream. This type of tech
pollution controls. The air pollution generated from the indus
the environment, which affect the living and non living thin
monitoring equipment venturi scrubber found to suitable
was found that scrubber shows 99.1 % efficiency.

prevention of ai lution by pesticide. It
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1. INTRODUCTION

gents that can affect human health as well as
¢ million deaths from air pollution had been
en greatest hazards for the world [1]. Humans did
until relatively recent times. This is due to human

Air pollution is one of,
the environment, plants
reported annually, malg

produced air g6llutign is inti y related to industrialization [2]. With rapidly expanding
)i lifestyles, and an increasing population, concern over the

order to ify the various sources of process emissions and their control systems in
pesticide iidustries a questionnaire survey and in-depth study of some pesticide industries
were conducted [5-7]. The manufacturing process for a product is a combination of various
unit operations and unit process. The material balance of the reactants and products gives the
characteristics and quantity of emissions. However, their quantity is constrained by the
efficiency of conversion of the system. Chances of pure process emissions of only one
gaseous pollutant are very less. The process emissions are contaminated by other vapours of
raw materials, solvents and also sometimes product of the unit operations [8]. Theoretical
emission of pollutants is difficult to compute. Very often during the unit operations
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wastewater and solid waste are separated, where as waste gas is directly released from the
reactions itself. It is observed that no process or production site is directly comparable to
another. From the various pesticide manufacturing units, different identified pollutants
associated with products are mention in Table 1.

Table 1. Pollutant generated with pesticide manufacturing.

S. No Pesticide Name of Pollutant
1 Acephate HCI

2 Aluminium phosphide P>,0O5 fume
3 Captafol
4 Captan
5 Cypermethrin
6 Dimethoate
7 2,4-D-Acid
8 Dichlorvos (D. CH;Cl
9 Ethion H,S C,HsSH
HCI
Cl, and SO,
NH;
lathion H,S
onocrotophos HCI and CH;Cl
Phosalone NH;, HC1 and H,S

In re so many method are available for the pollution monitoring for the pesticide
industry like, separation techniques, gas solid separation, liquid-liquid separation, gas liquid
separation, conversation to harmless end product and thermal destruction. In case of gas solid
separation technique cyclone separator, multiclone, electrostatic precipitator, wet dust
scrubber and fabric filter including ceramic filter pollution monitoring equipment are used
[9]. Among all techniques gas solid separator and the equipment venturi scrubber is the best
one. The venturi scrubber is a device which uses liquid in the form of droplets to efficiently
remove fine particulate matter from gaseous streams. In the scrubber the gas scrubber
accelerates the scrubber liquid, together with the air or gas exhaust stream, to high velocities
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and turbulence. This happens in the bottleneck of the venturi. Behind this bottleneck, the
pressure drops, reducing flow velocity back to normal. At this point, contaminant particles
are collected and removed [10].

Venturis are the most commonly used scrubber for particle collection and are capable
of achieving the highest particle collection efficiency of any wet scrubbing system. As the
inlet stream enters the throat, its velocity increases greatly, atomizing and turbulently mixing
with any liquid present. The atomized liquid provides an enormous number of tiny droplets
for the dust particles to impact on. These liquid droplets incorporating the particles must be
removed from the scrubber outlet stream, generally by cyclonic separators [11 13 Lo

from 12 to 250 cm (5 to 100 in) of water Presently pesticide industry
aided scrubber, it shows very poor efficiency is low. By this study s
scrubber instead of mechanically aided scrubber. The aim of s
efficiency of venturi scrubber in the monitoring of pollutant gener

2. MATERIAL AND EXPERIMENTAL METHOD
2. 1. Material

The sample was collection from the pesticide
Agrochemicals is located in nearby Ahmedabad Ci
Pesticides) which include synthetic pyrethrgids such
Cypermethrin and organic phosphorous
Technical Grade Pesticides such as Imi
Pesticides Intermediates such as MPB and C

ustry. Thefplant for the manufacture of
manufafture TGP (Technical Grade
cthrin, Permethrin and Alpha
as Acephate as well as new
d Triazophos, Formulations and

2. 2. Experimental setup

A venturi scrubbe
industry is shown in
for effectively use

rocess of reducing air pollution in pesticides
was designed for 3000 Kg/h scrub the gas stream
e inlet gas stream to atomize the liquid being used.

The Caustic Sgf 1me is used as motive fluid used in scrubber [15]. A venturi
scrubber Cco ' jsections: a converging section, a throat section, and a diverging

liquid droplets. The inlet stream then exits through the diverging section, where it is forced to
slow down. Venturi can be used to collect both particulate and gaseous pollutants, but they
are more effective in removing particles than gaseous pollutants [16].
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Figure 1. Complete setup of the venturi sc sticide industry.

To accomplish this removal it is nece he "dirty" gas with fine droplets of

the fluid used to remove them. A

The high speed gas breaks th Oplets and mixes them with itself [17]. The
fluid picks up the impuriti Cooonmpo larger droplets which either fall out of the gas

or are collected on impg oy packing. The purified gas leaves the system; the

2. 3. 2. Teiperature

Inlet gas temperatures are usually in the range of 4 to 370 °C (40 to 700 F) .

2. 3. 3. Pollutant Loading

Waste gas pollutant loadings can range from 1 to 115 grams per standard cubic meter
(g/sm’) (0.1 to 50 grains per standard cubic foot (gr/scf)).
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2. 3. 4. Other Considerations

In situations where waste gas contains both particulates and gases to be controlled,
venturi scrubbers are sometimes used as a pretreatment device, removing PM to prevent
clogging of a downstream device, such as a packed bed scrubber, which is designed to collect
primarily gaseous pollutants.

2. 4. Method

Generally different models are available for the calculation of Venturi
collection efficiency. Johnstone equation, Infinite throat mode, Cut power met
power theory, Pressure drop.

2. 4. 1. Johnstone’ method

One of the more popular and widely used collection effi
originally suggested by Johnstone et al (1954) [10].

rameter (dimensionless), R
correlation coefficient, the

where 7 is the collection efficiency, K, is the inerti
the liquid-to-gas ratio (gal/1000 acf or gpm/1000 a

The inertial impaction parameter (K,
diameter (ft), p, the particle density (Ib/ft),

_Cd,pV,
g 9/qud (2)
=M+1.45><R1'5
v 3)

“4)
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2.4. 2. Pressure drop

The pressure drop in venturi scrubbers can be calculated by the model developed by
Young et. al. (2007) [18] by the following Equation 5:

AP=2p,V; % (1—)(2 + X! —Xz)

G

where AP the pressure drops (dyne/cm?), and X the dimensionless throat leng
calculated by Equation 11 (where /, the venturi throat length, in cm). Th
for droplets with Reynolds numbers, Re, from 10 to 500 can be obtag
The Reynolds number can be calculated using Equation 7 (w

g/em?).

CD

v 3

gaseous or the pargg
removal efficiencg

24
= R_+ 1
" [Re)

4

(6)

(7

. Venturi scrubber operating condition.

(20-60 in. of water is
common)

gal/1,000 ft3)

Liquid to gas | Liquid inlet Removal
ressure drop (AP) ration (L/G) | pressure (Py) efficiency
30-60 % per
3 .
13-250 cm of water 2.7-5.3 l/m d VCI’l;lI‘l,
(5-100 in of water) (20-40 epending on
gal/1,000 ft3) pollutant
<7-100 kPa solubility
50-250 cm of water (< 1-15 psig)
(50-150 cm of water 0.67-1.34 PSIg
) Particles is common) 1/1.n3 (5'_10 90-99 % is
artic 20-100 in of water typical
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3. RESULT AND DISCUSSION

To determine the efficiency of venturi scrubber it was decided to calculate with
Johnstone equation. This type of technology is a part of the group of air pollution controls
collectively referred to as wet scrubbers. Venturi devices have also been used for over 100
years to measure fluid flow (Venturi tubes derived their name from Giovanni Battista
Venturi, an Italian physicist). About 35 years ago, Johnstone (1949) [10] and other
researchers found that they could effectively use the venturi configuration to remove particles
from gas streams. The following operating characteristic of venturi scrubber wa ion
below.

3. 1. Calculation

Initial Condition
1) Mass-media particle size (physical) dps = 9.0 um
2) Geometric standard deviation cgm = 2.5
3) Particle density pp = 1.9 g/em’

4) Gas viscosity pg=2.0 x 10™* g/cm-sec

5) Gas kinematic viscosity vg = 0.2 cm*/sec

6) Gas density pg = 1.0 kg/m’
7) Gas flow rate QG = 15 m’/sec
8) Gas velocity in Venturi throat vgt =9

9) Gas temperature (in Ve

Step 1. Calch ingham slip correction factor. The mass median particle size
(Physicadps isSG Because the particle aerodynamic geometric mean diameter dpg is

slip correctpn factor Cf. From Equation:
Cf=1+[(6.21 x 10-4 )T]/dps

Cf=1+[(6.21 x 10-4 )T)/dps
=1+[(6.21 x 10-4 )(273 +80]/9

=1.024
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From Equation:

dpg = dps (Cf x pp )0.5

=9 um (1.024 x 1.9 g/em*)0.5
=12.6 pmA

=12.6 x 10* cmA

where A[=](g/cm3)0.5

Note: If the particle diameter is the aerodynamic geometric mean diameter
in units of umA, this step is not required.

Step 2. Calculate the droplet diameter dd from Equation:
dq =50/Vy + 91.8(L/G)1.5

(Nukiyama and Tanasawa equation):
dg =50/vg +91.8(L/G)1.5

where

d, = droplet diameter, centimeters

vgr = gas velocity in the throat, centimeters p v' = liquid-to-gas ratio,

dimensionless

dg = 50/(9000 cm/sec) + 91.848 0 cm

Step 3. Calculate the i gr the mass-media diameter Kpg,
By equation

(K pg = (dpg )2
where
Kpg <4 ejffor mass-median diameter, dimensionless

amic geometric mean diameter, centimeters

vgt = ga ity in the throat, centimeters per second

= gas velocity, grams per second centimeter

dq = droplet diameter, centimeters

Kpg = (12.6 < 104 cm)2(9000 cm/sec)/{[9(2.0 x 1 0 (g/cm-sec)(0.008 cm)]} =992

Step 4. Calculate the Reynolds number Nggo, using Equation:
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NRreo = Vgt da /vg

Where

Nreo = Reynolds number for the liquid droplet at the throat inlet, dimensionless
Ve = gas velocity in the throat, centimeters per second

d, = droplet diameter, centimeters

v, = gas kinematic viscosity, square centimeters per second

NRreo = Vgt da /g

= (9000 cm/sec)(0.008 cm)(0.2 cm?/sec)

=360

Step 5. Calculate the drag coefficient for the liquid at thr ntr.

CD, using

CD = 0.22 + (24/Ngeo)[1 + 0.15(Ngeo )™° |

where
CD = drag coefficient for the liquid at the thr ¢, dimensionless

e throat inlet, dimensionless

L/G = liquid-to-gas ratio, dimensionless

pg = gas density, grams per cubic centimeter
p! = liquid density, grams per cubic centimeter

CD = drag coefficient for the liquid at the throat entrance, dimensionless
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B = (L/G)p: /(p¢ Cp )

= (0.0009)(1000 kg/m’)/(1.0 kg/m>)(0.628) = 1.43

Step 7. The geometric standard deviation ogm is 2.5.

The overall penetration Pt x is 0.008.

Step 8. The collection efficiency can be calculated using the equation:

Nn=1-Pt*=1-0.008=0.992=99.2 %
Step 9. Determine whether the local regulations for particulate emissions beT g
required collection efficiency is calculated by using the equation:

N required = (duStin — dust,y¢ )/ dust;, &

dustj, = dust concentration leading into the Venturi
dusty, = dust concentration leaving the Venturi
N required = (1100 kg/h — 10 kg/h)/1100 kg/hh = 0.991

N required = 99.1 %

3. 2. Cost estimation

The following are cost rangag wet scrubbers of conventional design under
typical operating conditions, P PA cost estimating spread sheets and
referenced to the volumetric £ C e waste stream treated. For purposes of calculating

the example cost effecti ant is assumed to be PM at an inlet loading of
do not include costs for post-treatment or disposal
of used solvent or . ActuafPcosts can be substantially higher than in the ranges

$59,000 per sm’/sec ($3.20 to $28 per scfm)
Cost: $8,700 to $250,000 per sm’/sec ($4.10 to $119 per scfm),

4. CONCLUSIONS

Venturi scrubbers are primarily used to control particulate matter (PM), including PM
less than or equal to 10 micrometers ( z m) in aerodynamic diameter (PM), and PM less than
or equal 10 to 2.5 p m in aerodynamic diameter (PM). Venturi scrubbers PM collection
efficiencies range from 70 to greater than 99.9 percent, depending upon the application.
Collection efficiencies are generally higher for PM with aerodynamic diameters of
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approximately 0.5 to 5 u m. Some venturi scrubbers are designed with an adjustable throat to
control the velocity of the gas stream and the pressure drop. Increasing the venturi scrubber
efficiency requires increasing the pressure drop which, in turn, increases the energy
consumption. For PM applications, wet scrubbers generate waste in the form of a slurry or
wet sludge. This creates the need for both wastewater treatment and solid waste disposal.
Initially, the slurry is treated to separate the solid waste from the water. The treated water can
then be reused o discharged. Once the water is removed, the remaining waste will be in the
form of a solid or sludge. If the solid waste is inert and nontoxic, it can generally be
landfilled. Hazardous wastes will have more stringent procedures for disposal. In s es,
the solid waste may have value and can be sold or recycled.
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