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INDUSTRIAL WASTEWATERPRETREATMENT FACILITIES EXPERIENCES 

Larry Rice of AlliedSignal Federal Mandacturing 62; Technologies (FM&T)* 
bY 

1973 - I worked as a mechanical design engineer at a former employer in St. Joseph, Mo. I was 
given the responsibility to supervise the construction of an industrial Wastewater pretreatment 
system that was designed by an environmental h. The system used anhydrous ammonia to raise 
the pH of rinse water and to neutralize spent acid. The chelating effect of ammonia limited the 
quality of the efnuent. 

1977 - Plant expansion caused a need for a new industrial wastewater pretreatment facility to be 
built. The executive group of our company decided to permit our engineering group to design, 
build, and initially operate this new system. 

Both sodium hydroxide and calcium hydroxide were considered for treatment, but calcium 
hydroxide was selected because of effluent quality, operational safety, and price. Dry lime was 
considered, but slaking this product into a slurry was found to be complex in terms of equipment 
operation and capital investment. Carbide lime purchased as a slurry was the answer. 

1984 - My new occupation at a large assembly plant in Kansas City, Mo. involved operating an 
interim system that used sodium hydroxide (caustic soda). We had problems with fumes and at 
least one spill during transfer of the caustic. 

1985 - The new main industrial wastewater pretreatment facility began operation. It provided a 
dry lime feed designed to mix with a water spray to produce a slurry housed in a large holding 
tank. We opted to avoid this design and used carbide lime slurry. Our plant was one of thirteen 
built in this year. This plant typically produced quality effluent that was in the top three of the 
thirteen facilities. Shortly after start-up, magnesium hydroxide was experimented with 
unsuccessfully. 

1987 - I made another career move to AUiedSignal, Inc. at the Kansas City, Mo. plant. The new 
industrial wastewater pretreatment facility was designed to use sodium hydroxide. It ran very 
well. In 1994, George Baggett contacted me about the possible use of carbide lime slurry. We ran 
very successful tests with this product, and decided to convert because of quality, safety and cost. 

At our plant, the Department of Energy provides us with a technology transfer program to help 
small businesses. We assist in making recommendations for various improvements including 
wastewater treatment. For more information, call Brenda Swadley at (816) 997-5270, or Matt 
Beck at (816) 997-5378. 

*Operated for the United States Department of Energy under Contract No. DE-ACO4-76- 
DP00613. 

@Copyright AUiedSignal Inc., 1996. 
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PLANT LAYOUT 
The Industrial Wastewater Pretreatment Facility (IWPF) is designed to treat 
industrial, alkaline, acid, chrome and cyanide wastes, as well as concentrated 
forms of waste liquids contaminated with heavy metals. Various streams of 
polluted water enter and combine at an elevated tank where pH is adjusted to 
11 .O to maximize heavy metal removal. The plant was initially designed to use 
sodium hydroxide to achieve this elevated pH. Water gravity flows through the 
treatment system, where contaminates are separated and settled as sludge. The 
clean water is neutralized with sulfuric acid before discharge into the Kansas City, 
Missouri sewer system. 

A 5,000 gallon batch treatment tank is used to treat concentrated waste 
chemicals that cannot be treated in the main system. The sludges from the batch 
tank and main system are combined and pumped to plate and frame filter presses. 
The presses produce a 20% solids filter cake. Steam heated dryers further reduce 
water content to a 50% solids cake. Sludge is shipped to  a hazardous waste 
landfill. 

TRIAL STAGES 
Larry Rice presented the idea of using carbide lime slurry at the IWPF in early 
1994. The IWPF staff undertook a laboratory trial using lime slurry provided by 
George Baggett. George also provided a detailed analytical report of the chemical 
make up of the lime slurry. The results were very promising. The lime slurry 
provided the alkalinity necessary to neutralize strong acid batches, and provided 
calcium solids to aid in the settling of sludge. Further laboratory tests showed that 
using lime slurry rather than sodium hydroxide in the main system improved water 
quality, and allowed a lower treatment pH of 10.5. Batch treatments were 
improved by using less or no other treatment agents such as ferrous sulfate and 
calcium chloride. This resulted in less sludge solids being generated by the 
treatment process. 



EQUl P M ENT M 0 DI FI CAT1 0 N S 
The conversion to use and storage of carbide lime slurry required modifications to 
an  existing 1 1,000 gallon fiberglass bulk storage tank. A suction manifold was 
installed within the  tank to allow for drawing lime from different locations around 
the tank. Air fittings were installed around the base of the tank to allow for mixing 
the slurry with plant air. A 3" feed air operated double diaphragm pump was 
installed to transfer the  slurry to the  batch and day tanks. 

IMPROVED BATCH TREATMENT 
The initial changes to the lime slurry bulk tank allowed for immediate use of lime 
slurry in the  batch treatment system. This was begun in early 1995. As expected 
from laboratory trials, the use of lime slurry in batches of concentrated metal 
wastes was very successful. In many batches, the lime slurry replaced both 
ferrous sulfate and sodium hydroxide, and aided in sludge density. 

IMPROVED CONTINUOUS FLOW TREATMENT 
By late summer 1995, lime slurry was introduced in the continuous flow through 
system at the IWPF. Again, the results were successful. The lime slurry is pumped 
from the bulk tank into a small day tank. The 30% slurry is diluted to a 15% 
slurry. The dilute slurry is fed to the pH adjust tank by an  automated air operated 
double diaphragm pump. As  influent pH decreases, pump flow rate increases 
accordingly. The variable flow rate of the pump responds to a 4 to 20 milliamp 
signal produced by t h e  pH controller. Effluent quality in this system actually 
improved with t h e  addition of lime slurry. 

ECONOMIC CONSIDERATIONS 
The conversion to lime slurry use at the IWPF resulted in a multilayered cost 
savings. The cost of the bulk lime is considerably less than that of sodium 
hydroxide. 

Another benefit is the reduction in sulfuric acid use. The pH discharge permit 
range is 6.0 to 11 .O. When using sodium hydroxide to precipitate metals, a pH of 
11 .O was necessary. By using lime slurry, precipitation occurs at 10.5 pH and 
effluent water quality is maintained, if not enhanced. This allows us  to discharge 
the treated water without having to neutralize. 

ADVANTAGES 
There are  several advantages when using carbide lime slurry instead of sodium 
hydroxide. Sodium hydroxide is corrosive, and care must be taken to avoid contact 
with the skin. Severe health damage can result in accidental spill o r  exposure. 
Conversely, lime slurry is considered non-hazardous and poses very little health 
risk. 



Another important advantage is the effect lime slurry has on sludge density. 
Increased solids settling rates have been observed in both batches and the flow 
through system. Increased solids in the filter press cake have also been observed. 
The more dense filter cake reduces sludge volume. There are batches that come 
out of the filter press with 40% - 50% solids and do not require further drying in 
the sludge dryers. This saves energy and reduces the cost of solids handling. 
Further savings have been in the area of sludge stabilization. The lime slurry 
provides an insoluble sludge that does not require stabilization at the hazardous 
waste landfill. 

A recent advantage realized by using lime slurry is the treatment of a new waste. 
Also in 1995, laboratory tests were done to assess the treatability of soluble oil 
waste. It was discovered that lime slurry enhanced the treatment process by 
encapsulating the soluble oil and aiding in solids settling. The soluble oil sludge is 
then processed with the heavy metal sludge. 

OBSTACLES 
The lime slurry tends to settle so quickly that there must be a way to keep the 
material mixed. George Baggett recommended air mixing over paddle type mixers. 
The air mixing works very well for the IWPF application. Operators soon realize the 
importance of regularly mixing the slurry, as it is easier to pump. 

The 2" PVC line that runs from the truck unloading area to the lime slurry bulk 
tank was replaced with a 2" black iron pipe. The 30 psi unloading pressure was 
too much for the PVC pipe. The pipe was replaced before it became a problem. 

SUMMARY 
The use of lime slurry at the IWPF demonstrated many benefits. Hazardous 
chemical use was reduced, solids handling was improved, water quality was 
enhanced and there has been a cost savings. The lime slurry also enabled the plant 
to begin treating the soluble oil waste, which we were not able to do in the past. 



Carbide lime slurry is pumpable a t  concentrations up to 42%. Ready to react, 30-42% lime slurry 
is used to batch neutralize acids without adding significant volume to the reaction vessel. It is 
also fed into mix (day) tanks where it is easily diluted with water to form a less concentrated 
slurry. Some waste water treatment operations find that having the ability to feed thick and thin 
lime to a process is a significant benefit. Thin lime will keep the pH a t  a steady line during normal 
operations. When a slug of strong acid is discharged into the plant, feeding thick lime into the 
system will reduce the time required to recover. Some facilities use  3040% caustic for strong 
acid neutralization, then use a dilute lime slurry to polish the effluent. Thick lime can do the s a m e  
thing as 30-50% caustic in such an  application a t  less than half the price! 

DOT does not regulate carbide lime slurry as a hazardous material. RCRA h a s  also exempted 
carbide lime from being considered hazardous waste if it requires disposal. Hazards associated 
with lime slurry a re  similar to those of wet concrete. It can cause minor bums if it is not washed 
off after exposure, and can usually be washed from acutely exposed skin without causing harm. 
Comparing these potential hazards to those posed by 30-50% caustic, there is no comparison. 
And since carbide lime will maintain a moisture content of 40-45% in the ambient atmosphere, 
the potential for a dust problem is remote. Spills of lime slurry can be allowed to dry, cleaned up 
with a shovel, and disposed of as solid waste. However, if a lime slurry spill is contained, it can 
be washed to a sump, and recycled by pumping it to a lime storage tank or treatment tank. 

Pumpable carbide lime slurry is a significant improvement over bag lime. Manual labor, dust and 
the mess of handling bags a re  eliminated! 30-40% slurry can be handled by centrifugal and air 
pumps. Not affected by high humidity, bulk storage of carbide lime slurry is simple. Mild steel 
tanks are used to store lime slurry, and periodic use  of air to agitate the slurry will ensure highly 
uniform lime feed material. Carbide lime will decant with a lens of water on top, preventing 
atmospheric degradation of calcium hydroxide to calcium carbonate. 

When considering the economics of using carbide lime slurry, it is important to evaluated the time 
required to slake lime as well as the density of the final product, usually IO-15%. Carbide lime 
slurry is ready to neutralize acid and treat waste water the minute it is delivered. Unlike slaked 
lime, carbide lime is fully hydrated, and particles are uniformly smaller. The neutralization 
reaction will be more complete with carbide lime, and hysteresis in pH adjustment is significantly 
reduced. 

According to data collected by The Carbon/Graphite Group, 606 Liberty Avenue, Pittsburgh, PA 
15222, a comparison of carbide lime with commercial hydrate lime is shown in Table #I. 

Table #1 - A comparison of Carbide Lime with Commercial Hydrate Lime 

Calcium Hydroxide Ca(OH), 
Available Calcium Oxide CaO 
Calcium Carbonate CaCO, 
Silica SiO, 
Iron and Alumina Oxides R203 
Magnesium Oxides MgO 
Sulfur 
Phosphorus 
Free Carbon 
Free Water 
Residual 

Carbide Lime Slurry 

95.50 
70.01 
1.85 
1.50 
1.60 
0.07 
0.15 
0.01 
0.05 

I .82 
--- 

Commercial Lime Hydrates 
Sample #1 #2 

94.30 91.60 
71.40 69.40 
2.1 3 4.01 
0.81 1.30 
0.38 0.90 
0.57 1.25 
0.03 0.1 0 
0.01 0.01 

0.42 0.31 
1.35 0.52 

--- 
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Due to the high molecular weight of calcium, salt sludges that form in the waste treatment 
process will settle quickly, thus improving the efficiency of separation equipment. This 
phenomenon also aids in the capture and removal of heavy metals. Use of commercial polymers 
will enhance formation of large flock precipitate. To maximize heavy metal removal from rinse 
waters or acid baths, lime is added to inorganic acids. The mixture goes from a low (acid) pH 
below 3 to a pH of around 10 or 11 (base). As metals are transformed to hydroxides, the pH of 
the resultant salt sludge will lower, hopefully stabilizing at a pH of 7-9. 

The key to removal of heavy metals as a precipitant or flock is finding the optimal pH at which 
the metals are least soluble. This is different for each metal, and can present a challenge for 
waste waters contaminated with high concentrations of more than one metal. Some are least 
soluble in the pH range of 7-9. Other metals are least soluble at a pH of 9-10, and so on. As 
is often the case when using sodium hydroxide, the pH must be kept high to remove metals, and 
after separation, acid may be required to reduce the pH to meet discharge limits. With lime 
slurry, capture will occur at slightly lower pH, so it may be possible to eliminate this final pH 
adjustment prior to discharge. 

Table #2 below, illustrates the pH at which the more common metals begin to precipitate. 
Complete precipitation of ferrous iron will not occur until a pH of 9.2 is reached, and will require 
a slight over-neutralization to provide the excess hydroxides to precipitate the ferrous iron. 

Table #2 Order of Precipitation of Typical Metals in Dilute Waste Acids as pH Increases 

Metal Metal Ion PH 

Ferric iron 
Aluminum 
Chromium 
Copper 
Ferrous iron 
Lead 
Nickel 
Cadmium 
Cobalt 
Zinc 
Mercury 
Manganese 

Fe" 
AI" 
Cr" 
CU" 
Fe" 
Pb" 
Ni" 
Cd" 
CO" 
Zn++ 
Hg" 
Mn" 

2.0 
4.1 
5.3 
5.3 
5.5 
6.0 
6.7 
6.7 
6.9 
7.0 
7.3 
8.5 

Source: Dean, J.G., et al, Environmental Science and Technology, June 1972. 

Sludge Volume 

When acids are neutralized with calcium hydroxide, resultant salts are often less soluble than 
sodium or potassium salts. Thus using lime in place of sodium or potassium hydroxide may 
increase sludge volume slightly. However lime will provide an effluent with significantly less 
dissolved solid content. From looking at Table #3, it is obvious that potassium hydroxide 
produces salts with a solubility very similar to sodium hydroxide. 



Theoretically, sludge generation using lime will only be slightly greater in plants that treat sulfuric 
acid but other factors, including metal content, pH required to precipitate metals, and  pH limits 
on discharge effluent, will significantly impact sludge volume, regardless of salts produced. As 
discussed previously, operators a t  the Allied-Signal facility have noticed a sludge volume 
reduction, primarily due to simplified chemistry. 

Table #3 

Salt 

Calcium 
acetate 
chloride 
fluoride 
nitrate 
sulfate 

Sodium 
acetate 
chloride 
fluoride 
nitrate 
sulfate 

Potassium 
acetate 
chloride 
chlorate 
fluoride 
nitrate 
sulfate 

Solubility of salts at various temperatures - grams / 100 cm3 

Solid phase 20°C 

2H20 34.7 
6H20 74.5 

2H20 ........ 
.0016 

4H20 129.3 

3H2O 
1 OH20 

.... 
1 OH20 

46.5 
36.0 

soluble 
88.0 
44.0 

1.5H20 255.6 ..... 34.0 
7.4 

soluble 
31.6 
11.11 

30°C 

33.8 
102. 

152.6 
.0017 

.2090 

54.5 
36.3 

96.0 
...... 

283.8 
37.0 
10.5 

45.8 
12.97 

40°C 

33.2 
.......... 
.......... 
195.9 

.2097 

65.5 
36.6 

98.4 
.......... 

323.3 
40.0 
14.0 

63.9 
14.76 

Source: Perry's Chemical Engineer's Handbook - Skth Edition 

Each waste water case needs to be evaluated, i.e., depending on the type of acid, wastewater 
containing soluble metals and small amounts of free acid will generate more metal hydroxide 
sludge and less salt cake sludge than rinse waters high in free acid. Also, in some  areas of the 
country, soluble salts are not a n  acceptable discharge, so calcium (lime) salts are preferable. 

Lime Handling System 

At Allied-Signal, Inc., it was determined that minor modifications to an  existing fiberglass tank 
would allow use of carbide lime slurry. Modifications included installation of a suction manifold 
that allowed for drawing lime from various locations around the diameter of the tank. Air fittings 
were installed that allow periodic mixing with plant air, and a 3 auto-feed air driven diaphragm 
pump is used to transfer lime to the batch and day tanks. Had the tank be made of mild steel, 
these modifications would have been significantly easier. 

For a new installation requiring a lime feed system, it is recommended that a storage tank be a 
cone bottom tank made of mild steel. Insulation o r  placement of a heated building around the 
lower portion of the tank will be required in areas were temperatures fall below freezing-for 
extended periods. If the system is installed in a heated area, venting the tank or having a n  

.............. .. - __ 



open top tank is recommended. The cone bottom tank should be fitted with air fittings that allow 
periodic agitation with air. In facilities that have limits placed on use  of air, u se  of Air-Cannons 
s e t  on an  automatic feed can ensure constant feed of lime a t  a greatly reduced use  of plant air. 

Below is a sketch of a lime slurry feed system. Note that the feed pump has the capability to 
return lime slurry to the storage tank. The rationale is to be able to thicken and thin lime slurry 
in the day tank to meet needs. There may be instances where for short periods the requirement 
for lime slurry will be significantly greater than needed on a routine basis. After such a period, 
the day tank can be quickly adjusted to provide a thinner lime solution, which will enhance the 
ability to maintain a steady pH during normal conditions. 

Typical Lime Slurry Storage and  Feed System 

Continuous Lime Feed 

As shown above, for continuous feed situations, lime can be fed to a "day tank," and easily be 
kept blended in a homogeneous concentration required by your treatment process. A day tank 
with constant agitation is a simple, and inexpensive system to rig up, and lime slurry can be 
adjusted to a concentration between 1-30%. 


