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Acid Spray Scrubber
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Introduction & Need Analysis




NH, Absorption in Acid Spray Scrubber
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Objectives




Factors Affecting NH, Spray Absorption

et Scrubbe
Effici

Design Variables Operation Variables
* nozzle type & size * nozzle operating pressurg
* nozzle spacing = scrubbing liquid flow rate
» scrubber dimensions = droplet velocity
= number of stages = droplet distribution
= flow configuration = [iquid pH

= airflow rate

= air velocity







Laboratory Simulation of NH; Scrubber
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Measurements:
* Inlet and outlet NH,
> | concentrations
* Liquid pH
* Electrical conductivity
* Liquid flow rate
* Pressure drop




Schematic of the wet scrubber simulator
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Optimization Experimental Design

nozzle type and
characteristics

nozzle position

inlet NH,
concentration

6 nozzles (F1,F2,F3,F3,F4, H1, H2)
3 Pressures (30, 60, 90 psig)

3 distances (61, 97, and 132 cm)

9 concentrations (10, 20, 30, 50, 80,
100,200, 300, 400 ppm)

* NH; collection efficiency

* flow rate

* spray Angle

* spray Height

* droplet size and distribution

* NH; collection efficiency
* position

* NH; collection efficiency
* inlet NH; concentrations




Single Nozzle Efficiency Plots
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Effect of Acid Concentration
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Effect of Superficial Velocity




Effect of Inlet NH; Concentration & Temperature




NH; Absorption Model




Lab-Simulated Scrubber Performance
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Summary and Conclusions







Scale-Up Method & Criteria
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Site Description

Compost house exhaust streams:
» NH; Concentration:100-400 ppm,
» Air flow Rate: 18,000 m?/h per fan

A composting house:in Ohio processing manure from 4 adjacent manure-belt
‘layer barns housing 828,000 laying hens.

s




A Full-Scale Acid Spray Wet Scrubber




Schematic of the Scrubber & Instrumentation
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Field Measurement Plan

Categories

Scrubber performance
parameter

Material & energy
consumption
Operating and control
parameters

Parameters
Ammonia concentrations at inlet and
outlet of the wet scrubber, air
temperature & relative humidity
Effluent liquid: Ammonium content,
nutrient content
Electricity, water, acid, air filter,
ammonium sulfate production
pH, flow, pressure, liquid
conductivity, scrubber pressure drop




Field Environmental Conditions

Environmental Air Inlet Air Outlet Air

Season | Temperature RH  Temperature RH Temperature RH
2012 (°F) (V0) (°F) (Y0) (°F) (Y0)
Winter

(12/23-1/1) 38.92 90.10 44.75 99.40 44.01 99.99

(1/6-1/13) (£6.73) (£7.15) (£6.04) (£2.73) (£6.27) (£0.14)

Spring 69.63 51.75 81.69 72.27 74.85 90.25
(6/8-6/15) (£3.46) (£10.92) (£12.28) (£19.54) (£11.39) (£15.80)

Summer
(7/13-7/27) 75.31 76.10 82.44 89.34 74.96 98.31

(8/10-820)  (£9.25) (£16.20) (£10.12) (£12.93)  (£7.29)  (£10.03)

Fall 67.42 83.45 73.51 87.01 68.22 100
(9/6-9/16) (£9.18) (£17.46) (£10.97) (£13.60) (£8.82) (£0.00)




Scrubber Air Conditions

Temperature (Summer 2012)

Temperature (F)
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Operating Parameters

Parameter
pH

Nozzle pressure (psi)
Liquid flow rate (gpm)

Airflow rate without air
filter (cfm)

Airflow rate with air
filter (cfm)

Pressure drop (Pa)

Summer Fall
1.62 1.58
(£0.05) | (£0.09)
82.35 86.77
(£7.25) | (£3.68)
11.60 13.48 12.47 11.28
(+0.19) | (£0.66)  (£1.10)  (£0.50)
12107.28
(£127.08)

3789.325
(£217.92)
9.5
(£1.13)

Winter | Spring
1.99 1.59
(£0.13) | (£0.07)
90.34 83.07
(£1.77) @ (£5.82)




Indication of Stable Operation

Poultry Scrubber Performance Parameters

Summer 2012
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Scrubber Performance (Winter 2012)

Ammonia Concentrations and Collection Efficiencies
Poultry Site Scrubber: WI 2012 (01/06/12 to 01/13/12)

120 500

- 450

-

(=

o
]

- 400

- 350

o]
o
]

- 300

- 250

[<2}
o
o

- 200

- 150
L 100

- 50

IS
o
Ammonia Concentration (ppm,)

S
>
(&)
c
2
2
b
w
c
9
pwr)
o
Q2
©
(&)
)
I
<
)
c
o
S
S
<

| | | 0

& & &
W N\ K\
N4 Q& Q& —o— Outlet NH, Concentration

N
—&— Efficiency

q —e— Inlet NH, Concentration
N X
N

Q

Run Time




Scrubber Performance (Spring 2012)

Ammonia Concentrations and Collection Efficiencies
Poultry Site Scrubber: SPR 2012 (06/08/12 to 06/15/12)
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Scrubber Performance (Summer 2012)

Ammonia Concentrations and Collection Efficiencies
Poultry Site Scrubber: SU 2012 (07/13/12 to 07/27/12)
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Scrubber Performance (Autumn 2012)

Ammonia Concentrations and Collection Efficiencies
Poultry Site Scrubber: AU 2012 (09/06/12 to 09/16/12)
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Summary of the Scrubber Efficiencies

Inlet NH,

Winter

Spring

Summer

Concentration (ppm,)

Min
Max

Average

Outlet NH,
Concentration (ppm,)

Min
Max

Average

Efficiency (%)

Min
Max

Average

29.6
275.29

137.61
(£66.45)

1.03
122.19

46.89
(£27.99)

42.64
97.779

67.90
(£11.35)

3.81
189.52

62.33
(£34.68)

0
52.43

11.66
(£10.70)

38.95
100

80.71
(£14.88)

9.88
179.51

67.32
(£44.93)

0
88.38

22.33
(£20.40)

23.39
100

67.99
(£18.33)

12.55
198.44

61.19
(£44.94)

0
76.13

23.27
(£17.89)

24.35
100

63.09
(£15.32)




Challenges







Effluent Characterization

Parameters Winter Spring Summer
pH 1.96 1.46 1.56
Conductivity
(mS/cm) 117.8 24.86 51.7
NH,-N 34416.67 23350 38525
(mg/L) (£2611.07) (£383.41) (£1341.92)
Phosphorus, P 1.45 2.29 3.51
(mg/L) (£0.17) (£0.06) (£0.01)
Potassium, K 9.93 6.93 14.21
(mg/L) (£0.10) (£0.02) (£0.50)
Ammonium- 324.61 220.23 363.36
Sulfate (g/L) (£24.63) (£3.62) (£12.66)

Ammonium- 32.46 22.02 36.35
Sulfate (%) (£2.46) (£0.36) (£1.27)




Commercial Fertilizer

% (NH,),SO,
Fertilizer % N (W/w) (w/v) pH

Scrubber Effluent 2.83-4.63 22-36% 1.46-1.96

Wynyard Technologies,
Inc.! 4.12-4.89 32-38%

Plantfood Co, Inc.? 7 54%




Material & Energy Consumption

Consumption = Winter Spring Summer  Fall | Average

Water Loss Rate = 23.58 49.23 37.74 43.69 37.50
(gal/d) (£13.62) (£11.87) (£21.97) (£8.81) (£18.27)

Acid Consumption 1.55 1.50 1.97 1.75 1.77
Rate (gal/d) (+0.70) (£1.18)  (£1.53) (£1.95) (£1.38)

Energy
Consumption  754.75 636.58  1063.21 1021.67 882.36
(KWh)




Cost Analysis of Scrubber Operation

Item Cost per Fan, $

Scrubber Structure 5000.00
Instrumentation & Controls
Programmable Logic Control 345.00

pH controller & sensor, pressure sensor 953.00
Conductivity probe & transmitter 400.00
Flow Meter 498.00
Level Sensor 80.00

Tanks and Pipings 2000.00

Pumps 4000.00
Installation Cost 500.00
Capital Cost 13776.00
Annual Acid Cost 5814.45
Annual Water Cost 712.51
Annual Electricity Cost 2583.54
Operating Cost 9110.50
Maintenance Cost 584.00
TOTAL 23470.50
Ammonium Sulfate Fertilizer
(an estimation of 54 tons/yr/scrubber) (23626.96)

Total Cost per Facility, $

60000.00

4140.00

11436.00
4800.00
5976.00
960.00
24000.00
48000.00
6000.00
165312.00
69773.40
8550.12
31002.45
109325.97
7008.00
281645.97

(283523.52)




Break Even Economic Analysis




Conclusions




Conclusions (cont.)




e~




Thank You!

OHIO
STATE

UNIVERSITY

OARIQ




