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operated a particulate filtration system on an alkaline paint-stripping solution at 3
LEAD. The paint-stripping tank chosen normally contains 2,500 gallons of solution, is
operated at 190'-210'F, and has a pH of around 13 S.U. The solution is mostly sodium
hydroxide (17.5 weight percent) and sodium gluconate (5.3 weight percent). The
filtration system consisted of three bag filters in series, a 50-gpm progressing cavity I
pump, a control panel, automatic shutoff controls for low and high pressure, a high-
pressure relief system, pressure gauges, sample valves, drain valves, and shutoff
valves.|

A test program was implemented to determine the effect of the filtration system
on particulate removal, the rate of chemical depletion, and ultimately the reduction i i
hazardous waste generation. Unfortunately, during the five months that the system was I
in place at LEAD, a variety of mechanical problems occurred that prohibited collection
of the desired data. These problems included a faulty pump weld, incompatible filter
bag material, leaking flange gaskets, and failure of pressure gauges and valves due to
overpressurization. These problems were addressed during the test program so that an
operational system remained at the depot at the end of the project. I

Despite these problems, some operational experience and data were collected.
Four rounds of samples were analyzed for solids content and particle-size distribution.
Two operating modes for the equipment were developed, continuous removal of suspended
solids and periodic removal of settled sludge. Both monofilament and mesh filter bags
were tested, and it was determined that the monofilament bags could collect a greater
quantity of sludge material per weight of filter bag material, and that they could be
reused, whereas the mesh bags had to be disposed of after each use.

Based on observations during the test program, the filter system should increase
agitation and circulation in the paint-stripping tank (which will aid dissolution of
the solid chemical used to make up a fresh solution), reduce the amount of suspended
solids and sludge formation on the tank bottom, reduce sodium hydroxide usage (but not
sodium gluconate usage), decrease drag-out of solids and liquid to the rinse water,
increase the bath life, decrease hazardous waste, and reduce the labor required to I
manually remove the sludge periodically.

Recommendations presented in this report include a continuation of the test
program to collect quantitative data. Other recommendations are presented regarding
operation of the alkaline paint-stripping bath and the current particulate filtration
system. The report also includes an engineering evaluation of the system and design
and operational recommendations for future filtration systems.
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SECTION 1

INTRODUCTION

This report summarizes the results of a hazardous waste minimization test

program aimed at reducing the generation of hazardous waste from alkaline paint-

stripping operations. This program was conducted at Letterkenny Army Depot (LEAD)

on the alkaline paint-stripping operation in Building 350. The work was sponsored by

the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA).

1.1 BACKGROUND

The mission of LEAD is to receive, store, maintain, and issue general supplies

i and ammunition in support of Department of Defense (DOD) activities. This includes

the overhauling, rebuilding, and testing of wheeled and tracked combat vehicles, mis-

3i sile systems, fire-control systems, and associated secondary items. As part of the

refurbishing process of various components and equipment, LEAD uses numerous

chemical-stripping operations. In one operation, disassembled metal parts coated with

metal-based paints are stripped by use of a strong alkaline paint-stripping solution.

i Paint removed from the metal parts remains in the bath as a sludge. Until recently,

this paint sludge was removed only when the alkaline paint-stripping solution was

I replaced (usually after 6 months).

The accumulation of paint sludge in the alkaline paint-stripper bath is an impor-

I 3tant factor in limiting the life of the solution. The removed paint continues to react with

the alkaline components in the solution and reduces the solution's cleaning and strip-

ping capacity. Stripper solution exhaustion is evident to LEAD tank operators when

rapid depletion of the stripping chemicals begins to occur and increased drag-out of

solids (accumulated sludge) from the bath creates an operational problem. Drag-out

of solids contributes to stripper depletion because liquid containing active ingredients

SI will be absorbed in the solids and carried out of the bath. The drag-out of solids also

contributes to contamination of the rinse water following the stripping bath. Removali
I
I



I
of the solids in the bath will reduce solution depletion due to solids drag-out. Solids

removal may also reduce chemical usage due to elimination of the reactions with paint

previously stripped from the parts. I
For this project, a pressure filtration system was purchased for the continuous

removal of paint sludge from the bath. Testing was conducted to evaluate the effec-

tiveness of the pressure filtration system in removing solid material from the alkaline

paint-stripper bath and to quantify the effects on the alkaline paint-stripping operations. 3
As part of the technology review, laboratory testing was also conducted to evaluate

further the potential of a centrifuge to remove particulates from the alkaline paint-strip-

per bath. I
1.2 OBJECTIVE

The objective of this project was to reduce the overall generation of hazardous I
waste from alkaline paint-stripping operations by extending the life of the alkaline paint

stripper solution.

1.3 TECHNICAL APPROACH I

The technical approach to this project consisted of performing the following 1

tasks:

" Characterization of the waste generated by the alkaline paint-stripping I
operations

" Characterization of the chemistry of the alkaline paint-stripper bath I
• Survey of technologies capable of removing solids from the bath

" Selection of the most effective and economical technology to reduce
stripper solution depletion

• Design, installation, and startup of the selected system

• Performance testing on the system

I
2 I

I



* Summarization of results in a final report.

A preliminary plan was developed to sample the alkaline paint-stripper bath and

to characterize the solid materials generated from the alkaline paint-stripping operation
(Draft Assessment Plan, Section 4.0) (ESE, 1990a). The results of the initial sampling

I analyses are presented in the Preliminary Waste Characterization of the Alkaline Paint

Striper Bath at Letterkenny Army Depot (Waste Characterization Report) (ESE,

I 1990b). The Draft Assessment Plan also outlined applicable technologies for separat-

ing solid material from the alkaline paint-stripping solution (ESE, 1990a).

The characteristics of bath chemistry were determined from information found in

literature and reports compiled during the preliminary work conducted to identify the

composition of the alkaline paint-stripping solution.

The information gathered and presented in the two reports identified in the pre-

ceding paragraphs was the basis for selecting a particular technology to reduce the

i generation of hazardous waste by prolonging the life of the alkaline paint-stripping

solution. This system was designed, installed, and started operation under the direc-

tion of Envitonmental Science and Engineering, Inc. (ESE). The details of these tasks

are presented in this report.

Upon completion of startup, performance testing was conducted. The results of

the performance testing are presented in this report.

I3



I
SECTION 2

ALKALINE PAINT-STRIPPING PROCESS 1
2.1 PROCESS DESCRIPTION

The alkaline paint stripper tank selected for filtration has a capacity of I

3300 gallons of alkaline paint-stripping solution; however, the tank is normally operated

with approximately 2500 gallons. The tank dimensions are 18 feet long, 4 feet wide,

and 6 feet deep (Figure 1). The tank is open at the top. The level of the alkaline I
paint-stripping solution is normally maintained at approximately 14 inches below the

top of the tank. A ventilation system around the top rear edge of the tank is used to 3
remove any steam, fumes, or vapors generated during the paint-stripping operations.

The alkaline paint-striping solution is made of water, sodium hydroxide, sodium I
gluconate, and trace compounds (Table 1). It contains 3 pounds of MIL-C-46516A

(MR) (solid alkaline paint stripper) per gallon of water (U.S. Army, 1972). The viscosity

of the solution is approximately 35 centipoise. Sodium hydroxide provides alkalinity

and detergent action. The sodium gluconate serves to derust parts by sequestering

iron (111); the oxide of iron (111) is Fe20 3, or rust. Additional information on bath chem-

istry is presented later in Subsection 6.2. The alkaline paint stripper is analyzed by 3
LEAD to maintain the sodium hydroxide and sodium gluconate concentrations.

Although sodium hydroxide and/or sodium gluconate are added to maintain solution 3
strength, these additions do not include the trace compounds contained in the solid

alkaline paint stripper. 3

2.2 PROCESS OPERATION I

Steel parts coated with metal-based paints and natural resin binders are

stripped in the bath selected for filtration. The alkaline paint-stripping solution is not

effective for removing paints with synthetic resins such as urethanes and epoxides. 3

I
4 I
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TABLE 1. COMPOUND/ADDITIVE COMPOSITION OF CORROSION-REMOVING
SOLID ALKALINE PAINT STRIPPERa

Solid alkaline paint Concentration instripper composition fresh solution b Rejuvenating additiveIngredient (dry weight percent) (weight percent) (weight percent)c

Sodium hydroxide 66.0 17.5 1
Mineral seal oil 1.00 0.26 1.00

Fluorochemical surfactant 0.02 0.005 0.02

Sodiun carbonate 1.62 0.43 5.00

Sulfunated oleic acid, sodium 1.25 0.33 I
salt

Scdium gluconate 20.0 5.3 27.0

Sodium sulfate 14.78 1
Salt of triacetic acidd 6.50 1.72 7.00

Sodium alkyl sulfonate 1.00 0.26 1.00 1
Sodium metasilicate 0.10 0.026 0.20

Zinc silicofluoride 1.50 0.40 2.00

Methyl naphthalene sulfonate 1.00 0.26

Total phosphate - 42.0 3
Ferric chloride 0.01 0.003 -
a U.S. Army, 1972. 5
b Calculated by the equation: Wt. % in solution = (3 lb/gal x dry wt %) (3 lb/gal + 8.34 lb/gal).

The specified rejuvenating additive is currently not added to the solution at LEAD.
d Sodium salt of N-hydroxyethylethylenediamine triacetic acid, dihydrate.

I
U
I
I
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The synthetic-resin-based paints are therefore stripped with alternate methods such as

immersion in a mixture of dichloromethane (methylene chloride) and formic acid or

I abrasive blasting. Aluminum parts are not stripped in alkaline solutions because these

solutions chemically attack such parts. The alkaline paint-stripping solution is main-

I tained at a temperature between 190 and 210* F via steam panels that line an inside

wall of the tank. A temperature controller regulates the flow of steam to maintain the

I operating temperature in the bath. The tani. solution is agitated and mixed by air

sparging through tubing positioned along the bottom of the tank.

<I Painted metal parts to be stripped are immersed in the bath by use of an

overhead crane. Military specifications specify an immersion time of 20 to 60 minutes

1 1to remove paint and rust. Parts at LEAD may remain in the bath for a maximum of 24

hours.:; the actual time required for removal of the paint and rust is not available. As

the alkaline paint-stripping solution breaks down the paint binder, pieces of the coating

are removed from the surface of the part and either settle to the bottom as a sludge or

remain suspended in solution. This sludge continues to react with the paint stripper in

a saponification reaction, as shown in the following equation:

I R-COO-CH 2  HO-CH2

R-COO-CH + 3NaOH --- > 3R-COONa + HO-CH

R-COO-CH 2  HO-CH2

As '.his equation indicates, continued ccntact between the paint sludge and the

paint stripper results in the consumption of sodium hydroxide, which ultimately

- 3reduces the cleaning and stripping capacity of the solution. In addition, buildup of

sludge on the bottom of the tank creates operational problems in fitting large parts in

1 the bath that require the entire tank depth. When the required chemical makeup and

the operational problems become excessive, the bath is disposed of as hazardous

I waste. At this t!me, the sludge often must be chipped off the sides and bottom of the

tank, which is a labor-intensive process. Each time the tank is emptied (about twice a

7I
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year) approximately 2,200 gallons of alkaline solution and three 55-gallon drums of

sludge are disposed of.

A hot-water rinse tank is used after the stripping bath to remove the alkaline

paint stripper and solids dragged out of the solution from the parts. This rinse water is

treated in a wastewater treatment plant and contributes to the generation of a hazard-

ous sludge. Increased sludge buildup in the stripping tank results in increased solids

drag-out contaminating the rinse water as well as more time required to rinse parts. I
Treatment of the more-contaminated rinse water results in increased hazardous waste

generation. Because the solids contain absorbed liquid, solids dragout will further 5
reduce the solution's stripping capacity.

The concentrations of sodium hydroxide and sodium gluconate in the alkaline 3
paint-stripping solution are maintained through weekly sampling of the solution by the

bath operators and analyses by the LEAD laboratory. Details of the bath sampling 5
and analysis methods are presented in the Draft Assessment Plan (ESE, 1990a).

Based on historical data, the life of the alkaline paint-stripping solution is approximately 3
6 months. I
2.3 WASTE CHARACTERISTICS

Three waste streams are generated by the alkaline paint stripper operation: the

exhausted liquid alkaline stripper solution pumped from the tank, the solid sludge layer I

formed at the bottom of the tank, and the contaminated rinse water. A summary of

the bulk properties of the str!'per liquid and sludge is presented in Table 2; the rinse 5
water was not sampled during the current project.

8
I
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TABLE 2. SUMMARY OF ANALYTICAL RESULTS FOR ALKALINE
PAINT-STRIPPING SOLUTION AT LETTERKENNY ARMY DEPOT

i: Sample date
Parameters Sample type 3/20/90' 4/12/90 5/2/90 1/7/91

Total residue (mg/L) Representative 727,000 668,000 525,000 636,000

Filterable residue (mg/L) Representative 1,500 2,500 9,700 143,000

Nonfilterable residue (mg/L) Representate 726,000 665,000 525,000 493,000

Specific gravity Liquid 1.34 1.30 1.23 1.33

I Specific gravity (sludge) Sludge NAc 1.58 1.31 1.66
Alkalinity (mg/L as CaC0 3) Liquid -

End point pH 8.3 NA 354,000 304,000 NA
End point pH 4.5 NA 390,000 341,000 NA

a Results presented in the Waste Characterization Report (ESE, 1990a).

S b New alkaline paint stripper bath put into service on 11/7/90.
cNA = Not analyzed.

9
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SECTION 3 1

TECHNOLOGY AND EQUIPMENT SELECTION I
3.1 REVIEW OF APPLICABLE PARTICULATE REMOVAL TECHNOLOGIES

Because sludge accumulation in the bath was clearly both an operational prob- I
lem and a waste disposal problem, a convenient method to remove the sludge was

needed. Several technologies were considered for removal of particulate from the al-

kaline paint stripper bath:

o Pressure (bag) filtration
o Centrifugation
o Gravity belt filtration
o Vacuum filtration
o Hydrocyclone
o Microfiltration
o Sedimentation
o Skimmers.

Based upon the data presented in the Di- ft Assessment Report, discussions

with vendors, and past experience at the LEAD ,acility, a pressure filtration system

(using bag filters) was selected to collect the particulate in the alkaline paint stripper

bath (ESE, 1990a). Each technology considered is discussed in the following subsec- 3
tions.

3.1.1 Pressure Filtration

Pressure filters are devices in which the filtering pressure is imposed by liquidI

pump (Figure 2). These systems can be operated either batchwise or continuously.

The filtering media are typically cartridges, screer, -" filter Uags. Pressure filter sys-

tems are capable of rapid filtration and enable difficult separations that would other-

wise be slow. These systems are compact com-npared with other technologies and 3
have a relatively low capital cost (Perry, 1973). Also, the ability to change the bag

pore sizes offers flexibility in removing particles of different sizes. 3
I

10 I
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Figure 2. Illustration of a Pressure Bag Filter.

I Courtesy of Strainrite, Lewiston, Maine.
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3.1.2 Centrifugation 3

Centrifuges remove or concentrate particles of solids in a liquid by causing

them to migrate radially through the fluid toward or away from the axis of rotation,

depending on the density differences between particles and liquid (7igure 3). The

discharge can be intermittent or continuous. Several types of centrifuge technologies I
are available depending upon the process requirements (Perry, 1973).

A centrifuge-based system is significantly more expensive than a pi 3a3sure filtra- I
tion system. Also, the high-speEd rotating components result in maintenance costs

higher than those for a pressure filtration system. A centrifuge i.5 designed to col!.ctI

particulate with specific characteristics (i.e., size and density) by "ontru~ing the ro-

tational speed and throughput of liquid. Because the rotational speed and liquid

throughput can only be varied in a narrow range, however, centrifugation does not I
have the operational flexibility of a pressure filtration system.

Based on discussions with vendors, some limited research was conducted to n
evaluate the applicability of a centrifuge, as discussed in Subsection 5.6.4.

3.1.3 Gravity (Hydrostatic) Filtration 3
In a gravity filter, the flow or the liquid across the filter media results from the

hydrostatic pressure of the prefiltered liquid (Figure 4). Because this prec, ire is al- 3
ways relatively low, gravity filters are used only for relatively freely filtered materials and

in cases where high flow rates are not required. Also, these units are large and re-

quire e'tensive floor area. These filters are simple devices with easy maintenance

requir6m ents and low initial capital costs; however, they are seldom used in process

industries and are more appropriate for small pilot-scale plants (Perry, 1973).

Several years ago, a gra,ity beit filtration system was installed on the alkaline

paint stripper batn in Building 350. This system was supposed to remove solids from

the alkaline paint st ;pper solution. The foaming of the alkaline paint-stripping solution,

which was due to the extreme detergent effect caused by sodium hydroxide and

possibly soaps formed in the saponification reaction, prevented the filtration system

from operating effectively. The foaming problems associated with the use of this 3
12
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I1 equipment caused it to be rejected for removing solids from the alkaline paint stripper

I bath. The filter unit is currently used to filter honing oil, a more appropriate application

of this type of filter.

3.1.4 Vacuum Filtration

A vacuum filtration system operates in a manner similar to that of the gravity

3 filtration system; however, the flow of liquid across the filter media results from the

hydrostatic plus the vacuum pressure created on the "clean" side of the filter (Fig-

ii ure 5). This system is also appropriate for use with relatively freely filtered materials.

A vacuum belt filtration system was investigated and rejected for this application

because of its high capital and operating costs compared with the pressure filtration

system and the relatively large size of the system (Perry, 1973). This system would

also be subject to foaming problems similar to those that occurred with the gravity belt

filter. Overall, vacuum belt filtration systems are more difficult to operate than are

pressure filtration systems.

I 3.1.5 Hydrocyclone

A hydrocyclone is a wet classifier suitable for collecting large, regular-shaped

I particulate (Figure 6). The hydrocyclone has had only limited success in separating

finer irregular-shaped particulate such as that generated in the alkaline paint stripper

I bath. Also, the concentrated effluent stream of solid material will contain significant

quantities of alkaline paint stripper solution. Therefore, an additional separation device

(e.g., a filter press or a gravity filter) would have to be used with this equipment. Be-

cause of these limitations, a hydrocyclone was rejected for application on the alkaline

I1 paint stripper bath.

I 3.1.6 Microfiltration

Microfiltration is a membrane filtration technology that operates in the batch

3 mode (Figure 7). In this process, a quantity of the alkaline paint stripper solution is

removed from the bath. This quantity is slowly cleaned as it is forced through a
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I Figure 6. Illustration of a Hydroclone.

1 Courtesy of Filtertech, Manhius, New York
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I!
.i i membrane. The remaining material is a liquid stream containing the alkaline paint

stripper solids. As with the hydr .yclone, an additional device (e.g., a filter press)

would be required with this systr i to make the final separation of the concentrated

solids/liquid stream. This system contains several components and requires a large

amount of room. Also, the durability of the membrane element is somewhat variable

and, in some applications, may require frequent element replacement. Because of the

high pH of the alkaline paint stripper solution, identifying a suitable membrane could

be difficult. Because of these limitations, this technology was rejected for use on the

alkaline paint stripper bath.

3.1.7 Sedimentation

The sedimentation process uses a settling tank or chamber to remove particu-

lates from the liquids. The particulates settle out of the liquid as a result of differences

in density. Sedimentation is a slow process that requires a moderate-sized chamber.

This process is incapable of collecting fine particulates such as those generated in the

alkaline paint stripper bath. Also, after the material has settled, it still must be sep-

arated from the liquid solution (e.g., by a filter press). This system contains several

components and requires a large amount of room. Because of these limitations, this

technology was rejected for use on the alkaline paint stripper bath.

3.1.8 Skimmers

A skimmer is appropriate for removal of solids that collect on the top of the

I alkaline paint stripper bath (Figure 8). Solids on the surface of the alkaline paint strip-

per bath are not a significant problem compared with the sludge layer on the bottom

of the tank. Given the density of the solids that i. ake up the sludge, atfempting to

float these solids through the use of some type of dissolved air flotation (DAF) tech-

nology is not likely to be successful. Therefore, this technology would not solve the

problem.

19
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II 3.2 REVIEW OF APPLICABLE PUMPING TECHNOLOGIES

Regardless of the separation technology selected, it was necessary to move the

solution from the bath to the treatment equipment and back again. The following

types of pumps were evaluated for circulating the alkaline paint-stripping solution

through the pressure filtration system:

o Progressing cavity pumps
0 Centrifugal pumps

* o Diaphragm pumps

Because of the potentially high solids loading in the alkaline paint-stripping solution

3 and the physical characteristics of the paint solids, a progressing cavity pump was

selected to move the alkaline paint-stripping solution through the pressure filters.

1 3.2.1 Progressing Cavity Pump

3 A progressing cavity pump is a positive-displacement pump capable of convey-

ing fluids with a wide range of characteristics (Figure 9). The key components of the

3 pump are the rotor and the stator. The rotor is a single external helix with a round

cross section. The stator is a double internal helix. As the rotor turns within the

3 stator, cavities are formed that progress from the suction to the discharge end of the

pump (Figure 10).

* This pump is well suited for pumping liquids with high solids content and/or

high viscosities. A progressing cavity pump is capable of passing solid fluids (e.g.,

3sand) as well as larger pieces (e.g., 14-in. spheres). Because the pump operates at

relatively low speed and low sheer, it minimizes the further breakdown of paint pieces

that are removed from the stripped parts. A progressing cavity pump can produce

high discharge pressures even at moderate flow rates.

3 3.2.2 Centrifugal Pump

IA centrifugal pump is the most widely used pump for the transfer of liquids

(Figure 11). This pump comprises an impeller rotating within a casing. The impeller

consists of several blades, either open or shrouded, mounted on a shaft that projects
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Figure 9. Illustration of a Progressing Cavity Pump.

Courtesy of Robbins & Myers, Inc., Springfield, Ohio
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Figure 11. Illustration of a Centrifugal Pump.i

Courtesy of the ingersoll-Rand Company, Allentown, Pennsylvania
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i out to the casing. The casing, a chamber in which the impeller rotates, includes inlet

* and outlet connections for the liquid being pumped. A ;cntrifugal pump was rejected

for this application because of the high sheer nature of ".he equipment and the

U operational limitation in liquids with high solids content. . centrifugal pump is capable

of passing a liquid containing fine solids. The filtration sL ,tion line from the LEAD

alkaline paint stripper tank, however, may pass a high-solids-content stream (Subsec-

tion 5.3.2) and metal parts from the paint-stripping process, and either of these materi-

als could cause pump clogging or excessive rotor blade erosion. Also, the sheer

generated by the pump would break up the soft stripped paint pieces.

E 3.2.3 Diaphragm Pump

A diaphragm pump, a type of reciprocating pump (Figure 12), is typically air-

driven. Diaphragm pumps differ from standard reciprocating pumps in that the recip-

n rocating driving member is a flexible diaphragm fabricated of metal, rubber, or plastic.

The advantage of using a diaphragm is that all packing and seals are not exposed to

* the pumping liquid. Because of their slow speed and large valves, these pumps can

transfer delicate materials when degradation of the suspended solids is undesirable. A

n major consideration in the application of diaphragm pumps is that diaphragm failure

will eventually occur, and the consequences of a failure must be designed into the

3 system (Perry, 1973). Depending on the type and amount of solids, the particulate in

the liquid may interfere with the inlet and outlet check valves that are required for oper-

ation of the pump. The result would be either no flow or reduced flow through the

pump.

3 Although this pump is recommended for use with high solids, it is very ineffi-

cient and noisy. Also, it is inappropriate for the pressure and flow rates required for

S this application. Therefore, a diaphragm pump was rejected for this use.

3 3.3 DESIGN AND INSTALLATION OF THE FILTRATION SYSTEM

Based on the selected filtration and pump technologies, a pressure filtration

system was designed. The system was designed to be assembled on its shipping
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!



6 NI
R'I

Figre 2. llutraionof Diphrgm ump

Couresyof Wrre Rup-Hodaile, nc.
Mansield Ohi

26I



Lu
F Iand installation platform (a skid) and located close to the alkaline paint stripper tank

(see Figure 1). Figure 13 presents a process sketch of the alkaline filtration system,

and Table 3 provides a summary of ihe filtration system components. The maximum

design pressure of the system is 150 psig. The alkaline paint stripping solution is

pumped from one end of the tank, through the filtration system, and then returned to

* the opposite end of the tank. The return pipe extends to within 3 inches of the bottom

of the tank. At this point, there is a 90-degree elbow at the end of the pipe which dis-

U charges parallel to the tank bottom. Photographs of the alkaline paint stripper bath

and particulate filtration system are presented in Appendix A.

3 • A progressing cavity pump (Roper Model 73312NNC) was selected to transport

the sludge/alkaline paint stripping solution through the filtration system (see Ap-

e pendix B). This pump was designed to transport 50 gallons per minute at a maximum

total system pressure drop of 125 psi. The pumping rate was selected to clean the

tank effectively of suspended particulate in approximately one shift (8 hours). This de-

sign criterion was based on the general guidance from filter system manufacturers that

S a given volume of liquid pumped through a filter 6 to 8 times would be essentially

clean. The pump controls were designed to shut down in case of high pressure (due

to plugging of the filtration system downstream of the pump) or low pressure (empty

tank or plugging upstream of the pump). The high-pressure cuto, switch shuts the

3 pump off at 100 psig. A high-pressure bypass valve was included to provide a backup

to prevent overpressurization of the particulate filtration system. This valve opens at

n 130 psig.

The filtration process consists of three filtration units in series (Strain Rite Mod-

m el UF1-180) (see Appendix B). All of the filter housings are fitted with bag filters. Bags

of various mesh sizes were purchased for application in the particulate filtration

system. Bag sizes at LEAD include 400, 200, 100, 50, 25, 5, and 1 Am. These bags

can be used in various combinations to change the overall degree of filtration as con-

n ditions in the bath change.

A mixing eductor (Ketema Model 268) was installed on the particulate filtration

system return line to provide agitation of the alkaline paint-stripping solution. An
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TABLE 3. SUMMARY OF PARTICULATE FILTRATION SYSTEM COMPONENTS

Equipment
No. Description Purpose

CP-1 Control panel Provides housing for the electrical components, including hi/low pressure
warning lights, cutoff switch, and cutoff relays.

E-101 Eductor Increases agitation by converting potential energy (pressure) to kinetic
energy (velocity).

F-101 Filter Housing No. 1 Performs first level of filtration.

F-102 Filter Housing No. 2 Performs second level of filtration.

F-103 Filter Housing No. 3 Performs third level of filtration.

P-101 Progressing cavity pump Prime mover of the alkaline paint stripper solution. Provides pressure to
overcome pressure resistance of filters and venturi jet on the return line.

PI-01 Pressure gauge before F-101 Measures pressure before F-101.

PI-02 Pressure gauge before F-102 Measures pressue before F-102.

PM-03 Pressure gauge before F-103 Measures pressure before F-103.

PSHL High/low pressure switch Turns off motor in case of low or high pressure.

PSV Pressure relief valve Prevents overpressure conditions in the particulate filtration system.

V1 2-in. ball shutoff valve Isolates the particulate filtration system from the bath suction line.

V2 2-in. ball shutoff valve Isolates F-101 and throttles flow into the particulate filtration system.

V3 2-in. ball shutoff valve Isolates F-102 a.1d throttles flow through F-102 and F-103.

V4 2-in. ball shutoff valve Isolates F.103 and throttles flow into F.103.

V5 2-in. ball shutoff valve Isolates the particulate filtration system from the bath return line.

V6 3/4-in. ball shutoff valve Fresh water particulate filtration system flush line.

V8 3/4-in. ball bypass valve Bypasses solution around F-102 and F-103 for draining housing.

\V9 3/44n. ball bypass valve Bypasses solution around F-103 for draining housing.

Vil 3/4-in. ball sample valve Allows collection of samples after F-101.

V12 3/4-in. ball sample valve Allows collection of samples after F-102.

V13 3/4-in. ball sample valve Allows collection of samples after F-103.

V14 1/2-in. ball vent valve Used to connect air line to clear F-101 of liquid to change filter bags.

V15 1/2-in. ball vent valve Used to connect air line to clear F-102 of liquid to change filter bags.

V16 1/2.in. ball vent valve Used to connect air line tc clear F-103 of liquid to change filter bags.

V17 3/4-in. needle shutoff valve Controls fresh water flu.sh rate into the pump packing.

V18 3/4-in. ball shutoff valve Contru:-. fresh water supplied to the particulate filtration system

V19 3/4-n. gate shutoff valve LEAD valve to control fresh w-ter to the particulate fhitration system
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eductor consists of a fixed orifice and a venturi. The potential energy (pressure) of the U
return liquid stream is converted to kinetic energy (velocity) across the fixed orifice.

The result is a high-velocity liquid stream, and the overall effect is that the volume of

the stream leaving the diverging cone of the nozzle is four times that of the liquid

being pumped. The eductor increases the filtration system pressure drop by 20 to 25

psig. This arrangement provides significant agitation in the alkaline paint-stripper tank,

which helps move the paint sludge toward the filtration system suction pipe (see

Figure 1).

Additional equipment on the particulate filtration system includes a control

panel, pressure gauges, sample valves, drain valves, and shutoff valves (see Figure

13). The filtration system safety features include a high-pressure relief valve and the

automatic pressure shutoffs discussed earlier.

Based on the selection of the major system components, a preliminary design 5
of the particulate filtration system was completed. Based on this design, vendors were

contacted to procure, build, and deliver the proposed system. The specifications of

this system are presented in Request for Quotation and Specifications for an Alkaline

Stripping Solution Filtration System (ESE, 1990c). A summary of the vendor n

specifications is presented in Appendix B (ESE, 1990d). Of the qualified responding

vendors, APT, Inc. (Annapolis Junction, Maryland) was selected to build, test, and I
deliver the system to LEAD. PELEC, Inc. (Chambersburg, Pennsylvania) war selected

to install the system. n

3
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SECTION 4

FIELD TESTING PROGRAM

I The particulate filtration system represents the first use of pressure bag filtration

on the alkaline paint stripper bath in Building 350. To evaluate the effectiveness of the

particulate filtration system, a field testing program was initiated. The details of the

testing methodologies are presented in the Test Plan (ESE, 19900.

This testing was performed to verify that the particulates in the alkaline paint

stripper bath were removed by the filtration system and to determine if particulate

removal reduced the amount of hazardous waste generated by the alkaline paint-

stripping operation. Data gathered from this study were used to make recommenda-

tions on methods to improve filtration, to propose improvements in system design,

operation, and performance, and to identify other ways to minimize the generation of

hazardous waste.

In addition to the field testing of the pressure bag filtration system, a sample of

the alkaline paint stripper bath was collected for centrifugation. The test results were

then reviewed to evaluate the potent"al for removing the particulate generated in the

bath by centrifugation.

4.1 DATA COLLECTION

1Several aspects of the alkaline paint stripper bath and particulate filtration

system were recorded during the field testing program, including operations monitor-

ing results, in-house test results, and results of analysis of alkaline paint stripper bath

samples.

Operations monitoring consisted of recording the following information.

• Parts placed into the alkaline paint stripper bath (as required)
9 Chemicals added to the alkaline paint stripper bath (weekly)
0 Alkaline paint stripper bath temperature (daily)

* • Standard testing performed by the in-house laboratory (weekly)
U Replacement frequency of bag filters (weekly or as required)
0 Qualitative description of used filter bags during replacement
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I
* Reading of all filter pressure gauges (each shift). 3

The standard tests performed by the in-house laboratory include:

* Specific gravity i
* Titration for alkalinity

Titration for sodium gluconate.

The filtration system was to begin continuous operation on a fresh alkaline

paint-stripping solution. After approximately 1 week of operation, sampling would be i
started to evaluate the effect of the particulate filtration system.

The filtration system actually began operating 63 days after a fresh alkaline I
paint-stripping solution had been prepared. By this time, the alkaline paint-stripping

solution had turned brown and a thick sludge layer had collected on the bottom of the

bath. The layer was barely detectable in the end of the tank where the filtration

system return line is located and a few inches thick on the opposite end (near the

particulate filtration suction line). Only one round of samples was collected when the

filtration system was ready to begin operation. This included sampling the bath before

operation of the particulate filtration system was begun to establish the baseline level i

of particulate in the bath. This would not have been necessary if the particulate

filtration system had been operational and the Test Plan had been initiated with a fresh 3
alkaline paint-stripping solution.

Three types of samples were collected from the alkaline paint stripper bath: 3
* Representative fraction
* Liquid fraction
* Sludge fraction.

These sampling locations are presented in Figure 13. 3
The representative fraction samples were collected by using a coliwasa

sampling column. The coliwasa was opened before being lowered into the bath to

just above the bottom of the tank. The coliwasa was then sealed and withdrawn. The

sample was transferred to a glass container. 3

i
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A bailer was used to collect the liquid fraction aliquot. The bailer was lowered

into the tank until the top was just above the surface of the liquid. The bailer was then

withdrawn, and the sample was poured into a large glass container.

For collection of the sludge fraction aliquot, a sealed coliwasa was lowered into

the solution to just above the bottom of the tank. The coliwasa was then unsealed,

allowed to fill, sealed, and withdrawn. The sample was transferred to a large

c-,,nteiner.

4.2 ANALYSES OF SAMPLES

4.2.1 Analytical Parameters

The alkaline paint stripper bath was sampled and analyzed for the following

characteristics:

" Solids content
" Settling time
" Specific gravity
* Alkalinity
" Particle size distribution.

All analytical methods were conducted according to the procedures contained

in standard reference sources (ASTM, 1989; Standard Methods for Examination of

Water and Wastewater, 1990; Bernholm, 1990). Specifics of the methodologies are

discussed in the Test Plan (ESE, 1990f). The type and number of samples collected

per sample round are summarized in Table 4. These analyses are similar to the

analyses conducted during the preliminary testing of the alkaline paint stripper bath

described in the Draft Assessment Plan (ESE, 1990a).

4.2.2 Sampling Schedule

The Test Plan proposed that sampling be conducted one week after operation

of the filtration system and a fresh alkaline paint-stripping solution were begun, and

then 3very other week for three sampling rounds. This schedule was later modified

because of mechanical problems that occurred during the installation and initial startup
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TABLE 4. ANALYSES CONDUCTED ON THE ALKALINE
PAINT-STRIPPING SOLUTION SAMPLES

No. of samples
Parameter per episode Sample aliquot Method

Total residue 2 Representative EPA 160 .3 a 

Liquid/Solid

Total filterable residue 2 Representative EPA 160 .1 a

Liquid/Solid

Total nonfilterable 2 Representative EPA 160 .2 a
residue Liquid/Solid

Specific gravity 1 Liquid Fraction ASTM E86%-82,
Section 9.9 3

Bulk density 1 Concentrated Solid ASTM E86%-82
Fraction Section 9.9

Alkalinity titration 1 .iquid Fraction EPA 3 10 .1 a I
(pH 8.3 and 4.5)

Particle size and 2 Concentrated Solid Coulter Counterc 3
distribution Fraction
a Standard Methods for the Examination of Water and Wastewater, 1985. m

b ASTM, 1989.

c Coultor Electronics Application Laboratory Standard Methods, undated. 3

I
I
I
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of the filtration system. Because of these mechanical problems, the test program was

delayed and eventually implemented on a stripping solution that had been used to

process parts for 63 days. These developments resulted in a revised sampling

frequency being proposed. The revised sampling schedule included:

• An initial sampling round to establish baseline conditions uf the alkaline
paint-stripping solution

• Three sampling rounds at 2-week intervals.

The initial sampling round was collected before operation of the particulate

filtration system was begun. Three additional sample rounds were to be collected to

evaluate the effect of the filtration system on the alkaline paint-stripping operation.

Because sufficient operation time was not achieved during the test phase, thee

UI  additional samples were not collected.

4.2.3 Quality Control/Assurance

I Most of the analyses conducted under the Test Plan are simple and do not

require extensive quality control. Sampling quality control was established through

careful collection of the samples from the alkaline paint stripper bath and the

particulate filtration system and a chain-of-custody system.

Laboratory quality control was established through purchase of standardized

solutions and calibration of particle-size-determination equipment involving spheres of

known diameters. Quantitative limits of the laboratory results are presented in

Appendix C.

4.3 SAMPLING HEALTH AND SAFETY PROCEDURES

Health and safety procedures for LEAD personnel who monitored the alkaline

paint-stripping operation are presented in the depot's Health and Safety Plan (LEAD,

1986). Health and safety procedures for ESE and its contractors are presented in the

"Accident Prevention Safety Program Plan for Evaluating the Alkaline Paint Stripper and

Particulate Filtration System at Letterkenny Army Depot" (ESE, 1990e). Copies of the
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Health and Safety Plans were provided to USATHAMA, LEAD, and the system instal- 3
lation vendor for review and ready reference. I
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SECTION 5

IMPLEMENTATION OF THE TEST PLAN

Initially, the field testing program was to be implemented immediately after

installation of the pressure filtration system. During the startup of the filtration system,

however, several mechanical problems developed. As a result, insufficient quantitative

data were obtained during the test phase from which to draw conclusions concerning

the precise effectiveness of the particulate filtration system. Characterization of the

alkaline paint-stripping solution was limited to a single round of laboratory samples

obtained from the alkaline paint stripper bath before operation of the filtration system.

These results were to provide a baseline for comparison with additional samples after

the filtration system was in operation. Because of insufficient filtration system

operation time, additional samples were not justified.

Also because of the insufficient operation time of the filtration system, in-house

laboratory data were not collected. Some operational monitoring data were collected,

i3 however, the amount was too limited to be useful.

Data were collected on the mass of materials removed from the bath with

I different filter bag configurations and operating scenarios. The experience gained by

ESE and LEAD personnel during the startup, shakedown, and operational phases was

used to confirm and modify, where necessary, operational methods ar d materials of

construction.

Results of centrifuging a sample of the alkaline paint-stripping solution are

presented herein. These data were used for further evaluation of the effectiveness of

the centrifugation system. Additional information pertaining to the bath chemistry is

presented in this chapter. This information, together with the discussion on bath

chemistry presented in the Waste Characterization Report (ESE, 1990b), was used to

predict the effects of the particulate filtration system on the alkaline paint-stripping

I1 solution.
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Installation and operation of the filtration system occurred in essentially five

phases, as described in Table 5. Each phase is characterized by a set of activities,

time period, and specific events beginning and ending each phase. Because of the i
mechanical problems encountered in the first four phases, few quantitative data on the

system characteristics were obtained by the end of the project schedule. Table 6

summarizes (by phase) the mechanical problems encountered and the actions that

were taken to rectify these problems. The remainder of this section presents a brief i
history of the project, the problems encountered, and the solutions to these problems.

TABLE 5. DEFINITION OF PROJECT PHASES

Event beginning Event ending I
Phase No. Phase name Date phase phase

1 Installation Nov. 5-28, 1990 Skid delivery Return and
installation of
repaired pump

2 Startup Nov. 30-Dec. 7, Completion of Problems with i
1990 installation filter bag material

and 0 rings I
3 Operational Jan. 7-11, 1991 Replacement of Operation of

shakedown filter bags and 0 system turned
rings over to LEAD

4 LEAD initial Jan. 14-23, 1991 Operation of Shut down to
operational phase system turned determine cause

over to LEAD of gasket and
equipment failure

5 LEAD continuing March 20, 1991 - Replacement of Ongoing
operational phase Ongoing pressure gauges,

valves, and
gaskets; instal-
lation of eductor
and high-pressure I
relief valve;

mixing of fresh
solution 3

I
I
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TABLE 6. PROBLEMS ENCOUNTERED DURING IMPLEMENTATION OF TEST
PLAN FOR FILTRATION OF ALKALINE PAINT-STRIPPING SOLUTION

Equipment/
Phase system item Problem encountered Solution

1 Tank lining Asbestos used as insulation. Removed by LEAD personnel
before installation.

1 Pump Faulty weld. Repaired by manufacturer.

2 Filter bags Polyester bag material specified by Replaced by nylon filter bags.
manufacturer's literature disinte-
grated.

I 2 Filter bags Replacement nylon bags had been Bags were stapled temporarily,
sewn using polyester thread, which then replaced by nylon bags sewn
disintegrated, with nylon thread.

2 0 rings on Failed at seam. Replaced by molded (no seam) 0
fifter basket rings in Phase 3; upgraded to

Teflon in Phase 5.
S2 Pump Motor and gear reducer couplings Skid was leveled and pump was

went out of alignment, realigned.

3 Sludge layer Significant sludge layer had Manual raking procedure was
accumulated on the tank bottom developed.
after 63 days of use.

3 Rack on tank Interfered with raking process. Removed temporarily.
bottom

3 Filter basket Failed at seam because of over- Replaced; high-pressure relief valve
pressurization, installed.

3-4 Pressure Failure due to overpressurization. Replaced, high-pressure relief valve
gauges installed.

3-4 Valves Failure of two valve seals due to Valve seals were replaced; high-
overpressurization. pressure relief valve was installed.

3-4 High-pressure 10-second delay allowed sufficient High-pressure relief valve and
cutoff controls pressure to damage parts. backup system installed irn Phase

5.

3-4 Tank agitation Tank agitation and return velocity Installed eductor.
of filtered solution were insufficient
to transport sludge to suction inlet.

4 Filter housing Corrosion occurred because bolt Replaced by LEAD.
bolt was cadmium-plated carbon steel

rather than the specified stainless
steel.

4 Flange gasket Leak from chemical attack although Upgraded to Teflon and replaced.
neoprene material was specified by
manufacturer.

I (continued) 39



I
TABLE 6 (continued) 3

Equipment/
Phase system item Problem encountered Solution

5 Solution mixing During mixing of a new solution, Filtration unit was used to provide
powder dissolved very slowly, additional turbulence.

5 Pump Coupling was slipping Replaced coupling

5 Pressure Malfunction; pressure reading too LEAD plans to replace with flange-
gauges low mounted gauges to prevent solids

buildup

5.1 PARTICULATE FILTRATION SYSTEM INSTALLATION I
Installation of the particulate filtration system began with the delivery of the skid-

mounted system to LEAD. Completion of the skid installation was delayed, however,

by several complications. One day prior to shipping the completed system, the manu-

facturer discovered a faulty weld in the progressing cavity pump housing. Neverthe-

less, because the installation contractor had made all the necessary arrangements to 3
start work, the unit was shipped to LEAD so that part of the installation could be

completed.

The particulate filtration skid arrived at LEAD on November 5, 1990. The

alkaline paint stripper tank had been emptied and cleaned in preparation for instal-

lation of the filter skid. As shown in Figure 13, the filtration system was placed next to

Tank 2514, the alkaline paint stripper bath. The location of the filtration skid in relation 3
to the alkaline paint stripper tank is shown in Figure 1. A small amount of asbestos

insulation had to be removed from the tank by LEAD personnel to install the suction 3
pipe through the tank wall. The piping and electrical installation was completed on

November 7, 1990. When the piping between the filtration system and the alkaline !

paint stripper bath and electrical work between the filtration skid and the LEAD

electrical supply were completed, the progressing cavity pump was removed and I
shipped out for repair.

The repaired pump was returned to LEAD on November 28, 1990. The instal- I
lation contractor completed the skid installation by connecting the system and the

40 3
I



pump packing flush-water line. The assembled filtration system was leak-tested and

briefly run on clean water, and monitoring logs from the Test Plan were supplieJ to

LEAD personnel (see Section 4.1.2 of the Test Plan) (ESE, 1990a).

I 5.2 STARTUP OF THE PARTICULATE FILTRATION SYSTEM

On November 30, 1990, the filtration system began operation on the alkaline

3 paint-stripping solution. The filtration system was first operated in the following filter

bag configuration: a 50-jm bag in filter housing F-101, a 5-gm bag in filter housing F-

3, 102, and a 1-jim bag in filter housing F-103. When the system was operated in this

configuration, the 5-jim bag blinded within 5 minutes, and the 50-jim bag contained

3 some material, including large paint pieces and sand.

A second filter bag configuration was attempted as follows: a 200-jim bag in

I filter housing F-101, a 100-jim bag in filter housing F-102, and a 50-jm bag in filter

housing F-103. The polyester bag material disintegrated before the bags were blinded

(after approximately 20 minutes). The system was then shut down for repair before

any further data could be gathered.

Based on further discussions with filter bag manufacturers, nylon bags were

i determined to be suitable for this service. The appropriate size nylon bags were

ordered to continue the test program. When the nylon filter bags arrived and were

installed, the filtration system was returned to service. The replacement nylon filter

bags were not affected by the alkaline paint-stripping so.t'on. Unfortunately, an error

I by the manufacturer resulted in the use of polyester thread to sew the filter bags. As

a result, the bags opened up along the seams after a few minutes of service. These

I filter bags were temporarily repaired by stapling the seam together and were replaced

in a later phase with nylon bags sewed with nylon thread.

3 Also during this test phase, the motor and gear reducer couplings on the pump

went out of alignment because of either loose pump and drive mounting bolts or

I improper shaft alignment. The system was repaired by leveling the filtration skid and

realigning the pump shaft and gear reducer couplings. The pipe between the pump
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(P-101) and filter housing F-101 was inspected for metallic objects (i.e., small fuel lines, 3
nuts, or bolts that are sometimes found in the bath). Nothing was found during the

inspection of the process pipe section. 1
An additional problem resulted from all the neoprene 0 rings on the filter basket

and in the filter housing groove failing at the welded or glued seam. The 0 rings were

replaced with molded (no seam) neoprene 0 rings in Phase 3 and then upgraded to

Teflon in Phase 5. 1
The filtration system was shut down at the end of the startup phase to await the

arrival of the replacement filter bags and 0 rings.

5.3 OPERATIONAL SHAKEDOWN OF THE PARTICULATE FILTRATION
SYSTEM

After receipt of the replacement filter bags and 0 rings, the filtration system was

returned to service on January 7, 1991, to begin Phase 3 of the project, operational

shakedown. During a week of operation, the system was frequently operated 24 U
hours a day. Because of the mechanical problems that occurred during the first two

phases, the stripping solution had been used for 63 days to strip paint from parts i
without removal of the paint from the bath. During this period, a sludge layer had

formed at the bottom of the alkaline paint stripper tank. Operation of the filtration i
system alone had litt!e effect on this bottom sludge layer (i.e., moving it along the tank

bottom); therefore, methods for filtering this sludge were also developed. The

following subsections summarize the experience gained during the filtering of the

alkaline paint-stripping solution and the sludge layer.

5.3.1 Filtration of the Alkaline Paint-Stripping Solution 5
Initially, a 50-pim filter bag was used to filter the alkaline paint-stripping solution.

After a total of 48 hours of operation, no increase in pressure drop had occurred in I
the filtration system. Examination of the 50-pm filter bag indicated some minor

accumulation of filter cake. During additionai operating time, the following filter bags I
were used to filter the alkaline paint-stripping solution. a 400 -Am bag in filter housing
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F-101, a 100-Mm bag in F-102, and a 50-Mrm bag in F-103. During the operation of the

filter system while equipped with these filter bags, no significant increase was noted in

the system pressure drop. Examination of the filters indicated some minor

accumulation of solids in each of the three filter bags. This accumulation was

indicated by bag discoloration and loose solid materials.

5.3.2 Filtration of the Sludge Layer

During the test phase, agitation of the alkaline paint-stripping solution from the

filtration system return line was not sufficient to transport the large volume of heavy

sludge along the entire tank bottom because of the high density of the sludge material.

Very little bottom sludge was noticed on the side of the tank where the return line was

-placed, however. Therefore, greE.+er turbulence from the return line would be required

to produce adequate particle suspension.

A simple procedure was devised to move the sludge layer manually to be closer

to the filtration system suction line. This was done with a rake provided by LEAD tank

operators. Basket support grates located on the bottom of the bath complicated the

raking of the sludge. This problem was solved by temporarily removing the grates

from the bath. Raking was started at the end of the tank where the particulate filtration

system return line is located. The sludge was moved closer to the particulate filtration

system suction line by pulling the sludge material with the rake. The sludge was raked

to the end of the tank where the particulate filtration system suction line is located and

then directly into the suction line.

Raking the sludge layer toward the particulate filtration suction line proved to be

very effective. Tests were conducted to determine the performance of various filter

bag combinations while receiving the sludge solids raked into the filtration system.

Initial tests were performed with a single 50-Mm (mesh) filter bag (while the other filter

housings were left empty). The 50-Mim bags were blinded almost immediately after the

raking started and did not collect a significant cake. Because these bags were not

reusable, they had to be disposed of. Based on separate tests with 50-Mm (mesh),

100-Mrm (mesh) and 400-Mm (monofilament) bags, the performance of the 400-Mm bags

43



I
was superior because these monofilament bags cc Id be emptied and reused 3
numerous times. Additional permutations of filter bags were attempted, as shown in

the following: i
" F-101 = 400 Mm, F-102 = 50 Mm, F-103 = empty
" F-101 = 400 gm, F-102 = 100 14m, F-103 = 50 Mm I
* F-101 = 400 Mm, F-102 = 400 /m, F-103 = empty

When used for removal of sludge, multiple bags in series did not significantly n

improve sludge collection capacity. During this testing period, 200-Mm bags were not

available. I
The overall process for collecting the sludge layer in the alkaline paint stripper

bath included the following steps:

* Installing a 400-Mm filter bag into filter housing F-101 (see Test Plan,
Appendix A).

* Starting the particulate filtration system and observing the pressure gauge
on filter housing F-101 (PI-01) for 2 minutes.

• Raking the bottom of the alkaline paint stripper bath so as to move the
sludge layer directly into the suction line of the particulate filtration system.I

The most efficient procedure involved using three 400-Mm filter bags. One bag 3
was placed in a filter housing (the other filter housings remained empty). After this

bag became blinded, it was removed and set aside to allow the liquid to drain from the

filter cake. The contents of the filter bag consisted of small paint pieces, sand, and a

thick sludge material. A layer of sludge up to 10 inches deep formed at the bottom of

the filter bag, and a filter cake of between 1/4 and 1/2 in. formed on the side of the

filter bag. The monofilament filter bag cleanout proved to be quite easy. 3
A second 400-Mm bag was placed in the filter housing, and the filtration

operation was restarted. After the second 400-Mm bag became blinded, it was I
removed and set aside to drain and the third filter bag was placed in the filter housing.

After the filtration system was restarted, the first filter bag was emptied of solids andI

prepared for reuse in the filtration system when the third filter bag became blinded.
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Each time the filter bag was emptied, aoproximately 5 to 15 pounds of sludge

was removed from the paint-stripping bath. It is clear that only a few bags would be

required to remove and dispose of a significant amount of sludge from the bath.

During this test phase, between 250 and 300 pounds of sludge was removed

from the tank by raking, which is equivalent to half of a 55-gallon drum. This amount

of material was removed within 12 hours. A relative measure of the significance of col-

lecting this quantity of material is evident by noting that cleanout of the bath after

6 months of operation produces approximately 3 drums of sludge.

5.3.3 Development of Operating Modes

Based on the preceding information, two operation modes were developed. In

the first mode, the system was used to filter the alkaline paint-stripping solution. The

system would be operated for the greater portion of the time in this mode. In the

second mode, the system can be used to filter the sludge that accumulates on the

bottom of the alkaline paint stripper bath. This mode will only be required if a sludge

layer accumu!ates in the alkaline paint-stripping tanks. Each operating mode is

described here.

Mode 1. Continuous Removal of Suspended Solids

With new bags in each filter housing, the filtration system is started every

Monday during the first shift. For filtration of the paint-stripping solution, adequate

performance without excessive downtime was demonstrated by using the following

filter bags: a 400-g.m bag (monofilament) in filter housing F-101, a 200-pm bag

(monofilament) in filter housing F-102, and a 50-t.m bag (mesh) in filter housing F-103.

II It is expected that the filter bags will require replacement midway through the week.

The particulate filtration system is operated during the first and second shifts (16 hours

per day). When not in use, the pump should be shut down and valves V1 and V5

should be closed (see Figure 13).
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Mode 2. Periodic Removal of Settled Sludge 3

If a sludge layer accumulates in the alkaline paint-stripping tank, the 200-Mm

and 50-Arn filter bags used in Mode 1 should be removed (the 400-Mm filter bag shouldI

remain in fifter housing F-101). The bottom of the bath must be ra L" 'to transport the

heavy sludge into the filtration system suction line. When the 400-Mr,, bag becomes n

blinded, it should be removed from the filter housing and emptied. Blinding of filter

bags is indicated by a high pressure drop, which will lead to automatic shutdown of

the pump. The bag should then be placed back into the filter housing and the sludge

raking process repeated. The sludge raking process should continue until the bath is I
put back into production or the sludge layer is cleared from the tank. I

5.4 LEAD INITIAL OPERATIONAL PHASE f
After completion of the startup and operational shakedown phases, LEAD

personnel began to operate the particulate filtration system. The filter system was

operated with the following filter bag configuration: a 400-Mm bag in filter housing

F-101, a 200-Mm bag in filter housing F-102, and a 50-Mm bag in filter housing F-103. J
Since entering the operation phase, the filtration system has not been operated to

remove sludge from the alkaline paint stripper bath. 3
Several problems occurred during this operational phase. First, corrosion on a

filter housing bolt made it difficult to open the housing lid and eventually caused the I
threads to become stripped. The bolt was made of cadmium-plated carbon steel,

rather than the stairiess steel that had been specified. The bolt was replaced by

LEAD personnel, and the system './as returned to operation. Second, a neoprene

flange gasket developed a leak during the system operation. In addition, all pressure 3
gauges and two valves (V8 and V12) failed because of system overpressurization.

The pump controls include a 10-second delay between sensing a high- or low-pres-a-

sure condition and shutting off the pump; this design allows startup of the system

without the pump shutting off because of low pressure. Apparently, this delay was I
sufficient time for equipment damage to occur. The system was shut down to
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determine if the flange had leaked as a result of mechanical failure (from over-

pressurization) or chemical attack by the alkaline paint-stripping solution. The system

was also shut down so that a high-pressure relief system could be installed.

According to the supplier of the filtration system, the original flange gaskets

were neoprene. Nearly all of these gaskets exhibited varying degrees of degradation,

such as swelling and perforation of the gasket. Although neoprene should have

worked in this service, it was decided to upgrade all gasket materials to Teflon. In

Phase 3 (operational shakedown) the original 0 rings in the filter housings were

replaced with molded neoprene ones and used for a period of time before being

replaced with Teflon units in Phase 5. When the neoprene rings were removed, they

showed no signs of chemical attack. Although no additional data were gathered to

support this conclusion, it is believed that the original flange gaskets were probably

buna-N rather than neoprene. Buna-N would not be expected to last in this service.

All pressure gauges were returned to the manufacturer, who indicated that all of

the pressure gauges had been exposed to pressures above their rated capacity. This

probably occurred as a result of closing a valve during operation of the pump. The

gauges were eventually replaced by the manufacturer and reinstalled during Phase 5.

Two of the 3/4-in. sample/bypass valves failed to seal completely when closed.

These valves were disassembled and inspected. Based on discussions with the valve

manufacturer, the valves had been exposed to pressures above the rated capacity.

The valve packing was replaced in the leaking valves, and extra valve packing kits
, 're ordered and delivered to LEAD during Phase 5.

! 5.5 LEAD CONTINUING OPERATIONAL PHASE

During the final phase of this project, the filtration system was repaired and

modified, and then left on site for ongoing use in LEAD operations. The phase began

with the repair of the pressure gauges, valve packing, and flange gaskets that had

been damaged by overpressurization. An eductor was installed on the return line to

increase agitation in the paint-stripping tank so the sludge would move toward the
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suction line of the filtration system. A backup high-pressure relief valve was installed

to ensure that overpressure conditions would not recur (see Figure 13) even if the

system were operated incorrectly. n

At the beginning of the phase, the paint-stripping solution was replaced with a

fresh bath. During the mixing of this solution, it was discovered that the powder f
dissolves very slowly. The progressing cavity pump was used to circulate the solution

through the filtration system to help mix the powder. Initially, the filtration system was j
operated with the filter baskets but without the bags in place; all three baskets were

filled quickly with sodium hydroxide pellets. The system was then operated without the f
baskets to help dissolve the powder.

The project ended within a week after these repairs were made, and the project i

schedule did not allow for additional characterization of the bath or monitoring of the

desired impact of particulate removal. The system remains in place for continuing use ft
by LEAD; except for continuing malfunctions of the pressure gauges, depot engineers

have indicated that the system is operating properly. LEAD plans to replace the

pressure gauges with a different design. i

5.6 COLLECTION OF TEST DATA

This section presents a summary of the quantitative data collected during the

testing phase of the project. The data include laboratory analysis of samples collected

from the alkaline paint stripper bath, on-site settling tests conducted by ESE

personnel, centrifugation analysis results of alkaline paint stripper bath samples, and I
measurements of the quantity of material collected by the filter bags. In-house LEAD

laboratory results were not collected for this report.

A limited quantity of operations monitoring data were collected by LEAD

operators and ESE. These data are presented in Appendix D.

5.6.1 Alkaline Paint Stripper Solution - Laboratory Analyses

One round of sampling was obtained during the operational shakedown phase. n

The samples were collected on January 5, 1991. The alkaline paint stripper bath was
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sampled per the methods outlined in Section 6.0 of the Test Plan (see Table 3) (ESE,

1990f). Samples of the alkaline paint-stripping solution that was returned from the

particulate filtration system were not collected during this round. This sampling round

was used to establish the baseline condition of the unfiltered bath inasmuch as the

bath was already in use. These results were to be compared with results of samples

collected after the filtration process had operated long enough to clean the alkaline

paint-stripping solution of solids. The results of the baseline analysis are as follows:

Liquid sample
- Specific gravity 1.33
- Alkalinity (as pH) 13.2

Representative sample
Total filterable residue 143,000 mg/L

- Total nonfilterable residue 493,000 mg/L
- Total residue 636,000 mg/L

Concentration solids sample
- Specific gravity (liquid layer) 1.41
- Specific gravity (sludge layer) 1.66

IThe information provided by the laboratories is presented in Appendix C. A

summary of all sampling data collected from the alkaline paint stripping operation was

I presented earlier in Table 2. Particle-size-distribution tests were also conducted. The

results of these tests and a summary of previous data collected are presented in

Figures 14 and 15. The results supplied by Coulter Laboratories are presented in

Appendix C.

I The mean particle diameter for the population data ranged from 1.29 to

1.91 Am, while the median particle diameter ranged from 1.19 to 1.67 Mm, depending

3 on the sampling episode. Greater than 90 percent of the number of particles were in

the 0.84 to 1.13 Am range.

3 The volume data indicate that the mean particle volume was that of a particle

with a 44 to 97 Am diameter, while half the volume of particles was due to those with

diameters greater than 59 to 108 Mm. Greater than 90 percent of the volume was

attributable to particles with diameters greater than 3.8 to 33 Am.
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These data show that a filter bag mesh size on the order of 50 to 100 Am would

remove a majority of the volume of particles that eventually constitute the sludge. A

smaller mesh size, on the order of 1 Am, would be required to remove a majority of

the particles. Because these analyses were performed on a sludge sample, these

data apply to particles that eventually form the sludge on the tank bottom, the data do

not describe the requirements for removing dissolved solids or solids that remain

suspended in solution.

5.6.2 Settling Test

Through the combined effects of the sampling equipment and the sampling

method, very little solid material was collected for the settling test. The sampled

alkaline paint-stripping solution was cloudy and brown and a thin layer of fine solids

R had collected at the bottom of the graduated cylinder. Also, a thin oily layer appeared

on top of the alkaline paint-stripping solution. Each layer was less than 1 mm thick,

and the layers occurred within 1 minute after the test was begun.

5.6.3 Filter Bag Collection Efficiency

Several filter bags were used in the testing and operating phases of the filtration

system. A sample of these bags was analyzed to estimate the quantity of solid

material removed from the bath. Upon blinding, some types of filter bags must be

disposed of, whereas others may be reused. Bag disposal increases the quantity of

hazardous waste generated by the process.

A convenient method of expressing the filter bag collection efficiency is in terms

1 of pounds of solids removed from the bath per pound of filter bag material (lbs/lbbm)

that must be disposed of as waste. During the test program, it was noted that mesh

bags had to be disposed of upon blinding, whereas monofilament bags could be

emptied and reused.

Several blinded mesh bags of differing sizes were analyzed to determine their

solids removal efficiency. The q.antity of solid material in each bag was determined

by weighing both a blinded bag and an unused bag of the same micrometer rating.
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With this methodology, mesh filter bags were capable of collecting between 1.0 and 3
3.6 lbs/IbbM when used to filter the alkaline paint-stripping solution, whereas mono-

filament bags were capable of collecting approximately 5.3 lbs/lbbm. Monofilament I

bags were capable of collecting greater than 74 lbs/lbbM when used to filter the sludge

layer. Also, the monofilament bags could be emptied and reused.

Based on observations made while the system was operated with monofilament

bags, the filter bags were used more than 20 times without requiring replacement. 5
Because the original bags used during the testing phase were still usable at the end of

testing, the operational life of these bags could not be determined.

5.6.4 Centrifugation Testing

A liquid fraction from the alkaline paint stripper bath was obtained to evaluate

the potential of centrifugation for removing the particulate generated. This testing was

performed by a centrifuge equipment vendor using their standard procedures and

equipment (Centrico, Inc., Northvale, New Jersey). 3
The results of the centrifugation test were inconclusive. Differences were noted

between the solids content of the sample compared with laboratory results obtained 3
during the preliminary waste characterization. This deviation is probably due to the

methods used to collect the samples. The sample submitted for centrifugation was 3
collected at the surface of the alkaline paint stripper bath. Because of the high density

of the solids compared with that of the solution, the particles quickly settled to the 3
bottom of the bath. The test results (presented in Appendix C) indicated there was

very little solid material in the sample. After centrifugation, an oily layer was noted at I
the top of the sample. The vendor indicated some concern about possible erosion of

their equipment due to the presence of sand and gritty material in the stripping I
solution.

i
I
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SECTION 6

EVALUATION

During the installation and operation of the particulate filtration system on the

alkaline paint stripper, severai observations were made pertaining to the equipment

and materials used in the construction of the system. These observations are sum-

marized in this section. Based on the operational experience gained on the filtration

system, information pertaining to the maintenance of the system is also presented.

This section also includes the results of the research conducted on bath

chemistry, which was conducted to predict the effect of the filtration system on the

alkaline paint stripper operation. Based on this information and the experience gained

during the operation of the filtration system, additional testing is proposed. Specifics

of this additional testing are presented herein.

6.1 SYSTEM COMPONENTS

A summary of the equipment components associated with the particulate filtra-

tion system was presented in Table 3. Specific discussions pertaining to these

components are presented in the following subsections.

6.1.1 Control Panel

The control panel has provided adequate service to date; however, because of

the operation of the progressing cavity pump during unstable conditions (large air

pockets in the filter housing that must be vented) and the placement of the control

panel on the filtration skid, control panel vibrations are noticeable at times. LEAD may

consider adding braces to the control panel to control these vibrations, even though

they are not expected to cause any operational problems.

6.1.2 Filter Bags

Several problems developed pertaining to the filter bag materials of construc-

tion. A product bulletin recommended polyester bags for this application, however,

53



I
these bags were not capable of providing adequate service under the combination of

temperature and chemical conditions. A bag would begin to disintegrate after 15 to 20

minutes of services. Only 5-Mm polyester filter bags, which blinded within 5 minutes, 3
could be effectively evaluated in the filtration system.

The manufacturer of the filter bags was contacted to discuss the materials I
compatibility problems. Based on additional information provided by the manufacturer,

nylon was determined to be a more appropriate material for the bags. I
The replacement nylon filter bags were not affected by the alkaline paint-strip-

ping solution; however, the polyester thread used to sew the filter bags was, and the I
bags opened up along the seam after a few minutes of service. When nylon bags

sewn with nylon thread were obtained, no problems occurred. Future orders of the 5
fiter bags should specify both the bag and thread materials. Consideration shoulo

also be given to the compatibility of chemicals other than sodium hydroxide with the 1
filter bag and thread materials.

6.1.3 Filter Housings/Basketsi

Originally, welded 0 rings were supplied with the filter housings. All of the 3
original 0 rings on the filter baskets and in the filter housing groove failed at the

welded seam. This problem was solved by replacing the welded 0 rings (with seams) 3
with molded 0 rings (no seams). No problems have been encountered with the

molded 0 rings. During the upgrading of the flange gaskets, all of the 0 rings were I
changed over to Teflon.

During the startup phase, the welded seam of a filter basket screen opened up I
3 or 4 in. during the filtering of the sludge layer of the alkaline paint-stripping solution.

This was caused by an overpressure condition that resulted from starting the filtration 3
system with a blinded filter in one filter housing. The overpressure condition occurred

during startup, before the 10-second high-pressure control switch time delay had I
expired. This incident demonstrated the need for a backup high-pressure relief valve

(which was later installed). The damaged filter basket was repaired and returned to I
service. No filter basket problems have since occurred, and the repaired basket has
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provided adequate service. Nevertheless, a spare filter basket was purchased for

LEAD.

i When the filtration system entered the LEAD operational mode (Phase 4),

problems occurred with the bolts used to secure the lids of the filter housings. The

ft bolt material of construction was cadmium-plated carbon steel, which was inadequate

for this service. As the cadmium plating wore off the threads, the carbon steel bolts

corroded when they came in contact with the strong alkaline solution. This problem

was solved by replacing the stripped bolts with stainless steel bolts (as specified in the

Filtration System RFQ). Since the repairs, no problems have been recorded.

6.1.4 High/Low-Pressure Cutoff Valve

The high/low-pressure cutoff switch performed as designed. During operation

of the filtration system, however, it was noted that an overpressure condition could

occur before the 10-s time delay had expired. This time delay had been built into the

I control -ystem to allow starting the equipment without the pump shutting off imme-

diately because of low pressure. This problem was solved by installing a pressure

relief valve. This valve provided a backup system in case of a control switch failure

and to prevent the occurrence of overpressure conditions before the 10-s time delay

of the high-pressure cutoff switch expires.

6.1.5 Pressure Gauges

3All of the original pressure gauges developed problems and had to be repaired.

The first (PI-01) and third (PI-03) gauges developed significant gauge reading offsets.

The second pressure gauge (PI-02) began leaking silicone oil and would not function.

IThese gauges were disassembled and inspected. The first and third pressure gauges

had been overpressured and were replaced. The cause of this overpressure was

eliminated by installing a backup high-pressure relief vaive. The second pressure

gauge (on filter housing F-102) had been tampered with or damaged. A small amount

of silicone oil was leaking from the threaded connection between tMe pressure gauge
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and the diaphragm seal. The gauge was removed and repaired by reestablishing the I
seal isolating the pressure gauge from the alkaline paint-stripping solution.

At the end of this project, LEAD engineers indicated that the pressure gauges N

were malfunctioning and that the pressure readings appeared too low. LEAD has

suggested that solids may be building up on the diaphragms of the gauges. Depot

engineers plan to specify flange-mounted gauges to solve this problem.

6.1.6 Pressure Relief SystemI

Because of the overpressure problems that occurred during the shakedown 3
and operational phases of this project, a backup high-pressure relief system was

installed. This system consists of a spring-loaded pressure relief valve located at the I
pump discharge. If the pressure exceeds the 130-psig setting of the valve, the valve

will open and return some or all of the pump discharge back to the pump suction.

This will immediately eliminate the high-pressure condition. The valve automatically

closes after the high pressure is dissipated. The high/low-pressure cutoff valve is

designed to shLt down the pump at a pressure of 100 psig. Therefore, after the

pressure relief system decreases the pressure to below 130 psig, the pump will be 5
shut down after the 10-s time delay expires if the cause of the increased pressure has

not disappeared. This design allows the temporary reducton of pressure to avoid 3
equipment damage, while still shutting off the pump to notify the equipment operator

of a malfunction that can then be identified and corrected. The pressure relief system N

is also effective in controlling short-duration pressure surges without causing the

system to shut down. This system is also useful as an emergency backup in the I
event that the pressure gauge for the high-pressure cutoff valve malfunctions.

During operation of the filtration system, the pressure relief system has

performed as expected; however, during pressure testing of the filtration system (to

test for system leaks), the relief valve leaks slightly through the packing house when a

high pressure is appled to the valve discharge, which never occurs during its opera-

tion. This is not considered a problem and will not affect the performance of the filtra- I
tion system or the high-pressure relief valve.
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S6.1.7 Process Piping/Flange Gaskets

No process piping problems were noted during operation of the filtration

* system. During installation of the high-pressure relief valve, however, the pump

suction piping was examined, and a significant buildup of sludge had occurred in the

pipe section between the filtration system suction line in the tank and the suction valve

(V1). This resulted from the system sitting idle while the bath solids settled in the

pipeline. Although this is not expected to happen when the filtration system is oper-

ating, this pipe should be suspected if unexplained low-flow problems occur.

Neoprene flange gaskets were initially used on the particulate filtration system.

I During the LEAD initial operational phase of this project, a flange gasket developed a

leak. Examination of several neoprene gaskets indicated that they had been subjected

to severe chemical attack. The neoprene gaskets were replaced with Teflon gaskets,

although a review of the materials compatibility indicated that both Teflon and

neoprene are recommended for this service. No problems have been observed since

the Teflon gaskets were installed. As discussed earlier, there is speculation that the

*N original gaskets may not have been neoprene.

6.1.8 Progressing Cavity Pump

Problems developed with the progressing cavity pump before its delivery to

I LEAD. A weld on the pump leaked, and the pump had to be returned to the

manufacturer for repair. This proved to be a manufacturing defect, and it is not

m expected to be a recurring problem.

Since the pump was repaired, it has demonstrated its ability to circulate the

alkaline paint-stripping solution and sludge mixture. The pump flow rate was

determined by using a nonintrusive flowmeter (based on sound waves). Measure-

ments indicated this flow varies between 48 and 54 gallons per minute at a pressure

up to the high-pressure shutoff point of 100 psig. The pump was also shown to be

m capable of pumping the concentrated sludge with no problems.

During the test program, several operational characteristics of the pump were

I noted. Vibrations generated by the pump during the startup phase of the project
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caused the pump shaft to become out of alignment. This problem was due to either I
loose pump and drive mounting bolts or improper shaft alignment of the pump. The

problem was aggravated by the lack of a flat surface where the skid was located. Thisn

problem eventually caused the pump drive couplings to "slip." To prevent this problem

from recurring, the skid was leveled and the pump shaft was realigned. Since this i
realignment, no problems have occurred. It was also found that venting trapped air

from the filter housings significantly reduced the vibration of the system. •

During realignment of the gear reducer coupling, the grease seal on the pump

shaft was found to oe damaged. This probably occurred when the pump was being I
repaired. No problems occurred when the system was run without the seal; however,

the seal should be replaced by the system manufacturer or LEAD.

A potential operational problem was identified during the weekly shutdown and

cleaning of the progressing pump if the pump is left unattended. After the pump is

operated for an extended time, a layer of sludge will collect between the pump rotor

and stator. This is a normal occurrence inasmuch as the system may pump a high-

sludge liquid stream. If the system is not scheduled to operate for more than a day,

this sludge probably should be purged from the pump. During the shakedown phase,

a procedure was developed to address this issue. Jogging the pump for 5 seconds

while the fresh-water line valve (V8) is open and the suction line cutoff valve (V1) is

closed effectively purges the sludge from the pump. Once the sludge has been

removed, fresh water will flow freely into the first filter housing (F-101) even with the

pump off. This flow can be observed by removing the filter housing cover and viewing

the inlet line (while the pump is off). LEAD engineers noted, however, that in Phase 5

of the project, despite a long shutdown and the accumulation of a large amount of i
undissolved reagent in the pump, the pump was started and operated without

problems.

6.1.9 Valves

The sample valve after filter housing F-1 02 (V1 2) was observed to be leaking

alkaline paint-stripping solution. Also, the bypass valve after filter housing F-101 (V8)
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I had begun to leak. Both valves were disassembled and examined. Apparently, these

valves had been subject to overpressure. No materials compatibility problems were

I evident. The valve seals were replaced and the valves reassembled. No other valve

problems have been noted.I
6.2 BATH CHEMISTRY

Information was collected to define the chemistry of the paint-stripping process.

The information was collected from the open literature and from work conducted to

determine the original alkaline paint stripper composition (Spencer, 1962; Kolene

Corporation, undated; Durney, 1982).
One of the objectives of the Test Plan was to observe and correlate any

changes in the bath chemistry associated with the use of the particulate filtration
system. Specifically, the amounts of sodium hydroxide, sodium gluconate, and water

added to the bath were to be measured during the test program.

The concentrations of sodium hydroxide and sodium gluconate and the

solution-specific gravity are measured weekly by the LEAD laboratory. Each of these

parameters has a target value that was established in the original specifications and by

operating experience. The results of these tests are used to determine the amount of
any of these materials that must be added to the batt to stay within the acceptable

range. Currently, trace alkaline paint-stripping chemicals are not monitored.

Although it was not demonstrated during testing, a decrease in the amount of

sodium hydroxide added to the bath should be noted. As discussed in Section 2.2,
during paint removal the sodium hydroxide reacts with the paint binders in a typical

saponification reaction (ESE, 1990a). As this occurs, the sodium hydroxide is

consumed in the reaction.

During testing, sizable (1/4 in. to > 1 in. across) pieces of paint coating were
found to be mixed in with the sludge that was removed from the filter bags. Thisindicated that the paint coating was removed from the parts in relatively large pieces

and subsequently sank to the bottom of the alkaline paint stripper bath. Because the
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coating was still in the solution, it continued to react and consume the sodium 1
hydroxide.

The filtration system has the ability to remove the pieces of paint coating from

the bath before tl-ev rpnrt :, rine particles; therefore, less sodium hydroxide should

have to be added to the bath. The mechanical problems with the filtration system i
prevented q,.,,intitative results from being obtained.

The other bath parameter that was to be tracked during system testing was the I
quantity of sodium gluconate added to the bath. Based on a report supplied by LEAD

personnel, operation of the particulate filtraticn system is not expected to cause a i
significant reduction in the amount of sodiun glucnate added to the bath. Based on

the data presented in the Army report (see Appendix E), sodium gluconate is thermally i
unstable and decomposes with time. The report provided a correlation between the I
rate of decomposition and temperature. As shown in Figure 4 of Appendix E, the

decomposition of sodium gluconate increased significantly as the temperature ap-

proached the boiling point of the solution. No plan existed to change the bath

temperature during the filtration testing; therefore, the consumption of sodium

gluconate was not expected to change significantly as a result of removing the paint

sludge from the bath.

This same report examined the effect of temperature on the corrosion-removing

perfurmance of vaJous formulations. 1Table 7 of Appendix E summarizes the results of

this work. The table indicates that the solution temperature has a strong influence on

corrosion removal. Therefore, lowering the bath temperature to reduce the depletion

of sodium gluconate may be at the expense of effective corrosion removal.

In addition to the major alkaline paint stripper components (sodium hydroxiL..

and sodium gluconate), seve,-al trace compoinds are included in the solid alkaline

paint stripper. These trace compounds play a signif;cant role in controlling the bath

chemistry. No baseline analyses were performed to characterize the decomposition of

these trace alkaline pa;nt stripper chemicals. A summary of the trace compounds

included ;n the s;olid alkaline paint stripper, the purpose, and the recommended

soluticn concentration are included in the Draft Assessment Report, Appendix B (ESE,
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1990a). Currently, LEAD adds only sodium hydroxide and sodium gluconate to

rejuvenate the bath. Two rejuvenating additives are available that contain sodium

hydroxide and trace compounds (Type I - Corrosion Removing Compound) or sodium

gluconate and trace compounds (Type II - Rejuvenating Additive) (ESE, 1990a).

These additive mixtures may be preferred as a means of resupplying trace compounds

to the alkaline paint stripper bath.

The filtration system is expected to have the added benefit of decreasing the

amount of chemicals used in the bath. Both the LEAD operators and engineers are

aware that a significant quantity of chemicals added to the bath do not go into solu-

tion; however, the amounts have never been quantified. Because of lack of agitation,

the solid alkaline stripper sinks to the bottom of the tank and becomes part of the

Isludge layer. This happens during initial makeup of the solution and when material is

added over the life of the bath. During the makeup of the last fresh bath, the filtration

system was used (without filter bags in the housings) to dissolve the chemical solids

more rapidly and completely. Overall, this will lead to more effective use of the chem-

icals added and a reduction in the amount of chemicals added to keep the measured

bath parameters at the same level. When Tooele Army Depot replaced its solid paint

stripper with a stripper packaged in a liquid form, personnel noted an ;.icrease in tank

life, perhaps in part due to less undissolved reagent. Reducing undissolved solids by

£ better mixing may also extend tank life.

Il 6.3 MAINTENANCE OF THE PARTICULATE FILTRATION SYSTEM BY LEAD

Several components on the particulate iiltration system will require routine

maintenance. The lubricant in the progressive cavity pump gear reducer should be

replaced when the system is repaired. Afterwards, the gear reducer lubricant should

* Ibe checked every 2,000 hours of operation (or every 6 months). The gear reducer

lubricant should be replaced once a year. The pump bearings should be lubricated

every 5,000 to 10,000 hours of operation. The Operations and Maintenance Manual

provided with the filtration system should be consulted for additional routine
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maintenance (APT, Inc., 1990). All other system components should receive routine

maintenance in accordance with LEAD standard procedures. The pump manufacturer

should be contacted to establish some level of support through the factory or nearest

representative.

In addition to the routine scheduled maintenance, LEAD personnel should a
regularly inspect the equipment for leaks or malfunctioning equipment. This includes

flange gaskets, pump packing, and filter housing 0 rings. The valves should be

pressure-tested weekly to prevent leaks. I
6.4 EXPECTED RESULTS, PERFORMANCE, AND BENEFITS

Based on the research conducted to date, the following performance objectives I
and benefits are expected from operating the particulate filtration system on the

alkaline paint stripper bath. The system will reduce or eliminate the formation of a

sludge layer in the alkaline paint-stripping tank. Because sludge layer thickness is one

of the parameters used to decide when to replace the paint-stripping solution, this

should extend the bath life. Removal of the sludge layer and stripped paint should

also have an effect on the bath chemistry. Information on bath chemistry presented in

Section 6.2, however, suggests that sodium gluconate additions may not decrease

with the use of the filtration system, but filtration may reduce sodium hydroxide

depletion. Reducing the amount of solids drag-out on the parts will reduce carryout of

absorbed liquid, reduce rinse time, and reduce contamination of rinse water. The tank

operators have reported that since the filtration system has been operating, parts drag

out significantly less solids and require much less rinse time.

The most noticeable effect on reduction in waste disposal will be the ability to

remove the sludge without emptying the bath. The goal will be to dispose of six

barrels of sludge per year while replenishing only the active ingredients in the solution.

An additional benefit is the reduction in manpower traditionally needed to remove the

sludge and the elimination of the hazards associated with going inside the tank.

I
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The turbulence created by the system will help dissolve the alkaline paint

stripper powder. LEAD personnel have noted that the tank turbulence and flow

through the filtration unit is sufficient to reduce material floating on the solution's

surface.

Also, with the application of the reusable monofilament nylon filter bags instead

of mesh bags, fewer filter bags must be disposed of. None of the monofilament bags

have been disposed of because of blinding; therefore the filter bags will not add to the

volume of waste from the operation.

6.5 ADDITIONAL PERFORMANCE TESTING OF THE PARTICULATE
FILTRATION SYSTEM

Because of mechanical problems with the particulate filtration system, perfor-

mance testing was not completed. During startup and shakedown, the filtration

system Nvas demonstrated as being effective in the removal of particulates from the

bath; however, a quantitative measure of this effectiveness could not be obtained.

Therefore, additional testing should be conducted to determine the following:

Change in the alkaline paint-stripping solution chemical usage and

solution bath life when operating the filtration system

0 Most effective filter bag combination to collect particulate from the
alkaline paint-stripping solution

Most efficient filter bag to collect the particulate in the sludge layer

Effective life of the monofilament bags

Effectiveness of monofilament bags below 200 Mim.

The effectiveness of the particulate filtration system should be measured by its

ability to reduce/eliminate a sludge layer at the bottom of the tank and to effect a

reduction in the chemical additions (e.g., sodium hydroxide and sodium gluconate).

Additional research should be conducted to seler 3 most efficient filter bags to

operate the filtration system. The most efficie ' I .,gs will be capable of removing a
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large quantity of material without requiring frequent replacement or cleaning. This

research should include using only reusable monofilament filter bags. Testing should

also be conducted to quantify the waste collected from the alkaline paint stripper bath

by the quantity of waste generated by the filtration system (i.e., blinded filter bags).

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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SECTION 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

Based on the results presented in Section 5 and the technical evaluation in

Section 6, several conclusions can be drawn concerning the alkaline paint-stripping

and filtration operations. Of the solid-liquid separation technologies evaluated, the

pressure bag filter was determined to be the best choice, based on efficiency, cost,

and operational simplicity, for removing the particulates generated in the alkaline paint

stripper bath. Application of other particulate removal technologies was rejected

because of technical limitations, size, or expense. Supplementary results obtained on

centrifuging the alkaline paint-stripping solution and the nature of the paint-stripping

operation eliminated the centrifuge option.

Based on the data collected and the observations made during the testing

phase of the project, the pressure filtration system is capable of removing the solids

from the alkaline paint stripper bath. Therefore, this system achieved one of the

objectives of the project.

Mechanical problems that developed before and after installation of the filtration

system prohibited obtaining quantitative results to prove that the system would extend

the life of the alkaline paint stripper bath or reduce the sodium hydroxide usage.

Based on research previously conducted by the Army during the development

of the alkaline paint-stripping operation, there is evidence indicating that the particulate

filtration system will not significantly decrease the usage of sodium gluconate. Sodium

gluconate decomposition is most strongly influenced by the bath temperature. The

bath temperature should be kept as low as possible and still strip the paint and

corrosion from the parts in the process. The bath should not be heated when no

production is scheduled.

A review of the alkaline paint stripper bath chemistry and LEAD chemical

addition procedures indicated that trace chem:;als required for the stripping operation
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were not added to the bath. Methods should be developed to measure the solution

concentration of some trace compounds. I

7.2 RECOMMENDATIONS

The recommendations presented herein are based on the data collected and

observations made during the testing and operational phases of this project. They I
pertain to alkaline paint stripper bath operations, particulate filtration system

operations, and the design and operation of future filtration systems. 3
Also presented are recommendations pertaining to additional testing of the

existing system. The additional testing will provide quantitative evidence of the 5
performance of the filtration system and identify which filter bags or filter bag

combinations remove the greatest quantity of solids from the paint stripper bath with- i
out frequent bag changes.

7.2.1 Alkaline Paint Stripper System Operation

The particulate filtration system was designed to operate without continuous

monitoring or requiring modifications in tank operation. Several alkaline paint-stripping

operational practices, however, were noted to increase the efficiency of the filtration

process and the life of the paint-stripping solution.

Based on on-site observations and discussions with the tank operators and a
supervisors, elevating the grates above the bottom of the bath is recommended as a

means of increasing the turbulence generated by the return line of the filtration system. 3
The grates should be elevated by welding legs to the bottom of the grates to allow

increased flow across the bottom of the paint-stripping tank. The greater turbulence at 3
the bottom of the tank should increase suspension of the sludge layer. It is

recommended that additional operations be conducted to quant'y the effect of 5
increased turbulence on the sludge layer.

Starting the filtration process with a clean bath will allow the filtration system to 3
remove the particulates from the bath as they are generated. Methods were

developed during this project, however, to remove sludge accumulated over a period
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of time. These methods would allow reclamation of a contaminated bath so that there

is no need to dispose of a bath for the sole purpose of beginning operation of the

filtration system cn a fresh solution.

The paint stripper sludge layer should be measured on a weekly basis. If a
sludge layer develops, the recommended sludge-raking procedures should be used to

remove this material.

Based on a review of reports summarizing the original quantitative work and a

review of LEAD operating parameters, changes in the chemical addition procedures

are recommended. Currently, only sodium hydroxide and sodium gluconate are

added to rejuvenate the alkaline paint stripper bath. LEAD should consider returning

to the addition of the chemical additives recommended by the paint stripper vendor.

These additives contain either sodium hydroxide or sodium gluconate and the trace

compounds required for optimal bath operation.

7.2.2 Particulate Filtration System Operation

Based on the operational experience gained during the test phase, the following

operational practices are recommended.

When a fresh alkaline paint stripper solution bath is made, the filtration system

should be operating (without filter bags). The filtration system will increase bath

turbulence, which increases the dissolution of the solid stripper.

The filtration process should be started with a clean bath to prevent or reduce

sludge buildup. The alkaline paint-stripping solution should be filtered during the first

and second shifts Monday through Friday (see Subsection 5.3.3). At the end of the

second shift on Fridays and on the days preceding holidays, the filtration system

should be shut down and cleaned. If a sludge layer begins to form on the bottom of
the alkaline paint stripper tank, weekly raking should be conducted (see Subsection

5.3.2).

For filtering the alkaline paint-stripping solution, the following filter bag train is

recommended:

• F-101 = 400 ,m, F-102 = 100 gm, F-103 = 50 gm
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If the amount of material in the filter bags decreases, the micrometer rating of 3
the bags should be reduced to capture the smaller particles. This should be done in

steps, and at least a week should be allowed between a change in the micrometer I
ratings of the bags. If a sludge layer forms in the bath, it should be removed on a

weekly basis by the techniques discussed in Subsections 5.3.2 and 5.3.3. The sludge 3
layer should be filtered through a single 400-Am filter in filter housing F-101.

It is recommended that nylon filter bags sewn with nylon thread be used to I
collect the particulate from the alkaline paint-stripping solution. This must be explicitly

stated when ordering replacement bags. All bags should be monofilament rather than

mesh. Although monofilament nylon bags of small micrometer rating are significantly

more expensive that mesh nylon bags, the potential for their reuse may make this I
application economical. I

Filter bags should be changed when the pressure drop of the system exceeds

100 psi or the high-pressure alarm sounds.

A regular maintenance program should be developed to service the particulate

filtration system. The basis for this program was discussed in Section 6.3. u
7.2.3 Design and Operational Recommendations for Future Particulate Filtration

Systems

The design presented earlier in Section 3.2 with the proposed modification

should serve as the basis of future designs. Figure 16 presents a process sketch of I
the proposed future particulate filtration systems for alkaline paint strippers. Sample

valves need not be installed on future systems. These valves were installed only to 5
collect samples to evaluate the performance of the filtration system during the test.

The 3/4-in. bypass piping should be enlarged to 2-in. piping. During the test 3
program, it would have been convenient if a single filter housing could have been

bypassed with the rest of the system remaining operational. It is also recommended 3
that an additional bypass valve be moved onto the skid. The valve located after filter

housing F-103 (see Valve V5 on Figure 13) should be moved (see Valve VS on Figure 3
16).6
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Paint-Stripping Solutions with all Recommended Design Changes.
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The pressure gauges should be relocated on the piping. The present location 3

leaves the gauges vulnerable to being struck while opening the filter housing or

loosening the filter housing bolts. The pressure gauges should be placed horizontally

on the vertical section of the pipe between the pipe and the filter housing (see Figure

17). 3
Additional support braces should also be installed on future systems to reduce

vibration. Braces should be placed on the pipe before the first filter housing to the 5
base on the filter skid. This last modification was added to the system at LEAD during

the final phase of the work, and it significantly reduced the vibration. 3
7.2.4 Proposed Sampling Data Col!ection Techniques for the Existing System

Changes should be made in the sampling techniques presented in Section 5.2

of the Test Plan. A long-handled ladle could be used to collect liquid samples. The i
representative samples and sludge samples should be discontinued because there will

be no significant sludge layer to sample, and the large increase in the level of

turbulence makes any stratification in the bath unlikely. A method of measuring the

presence and depth of a sludge layer should be developed, however. 3
7.2.5 Additional Testing

Because of the mechanical problems encountered during the test program, few

quantitative data were obtained for evaluating the effect of the filtration system on the

paint stripper characteristics and hazardous waste generation. A test program should

be implemented that follows the procedures outlined in the Test Plan revised

according to the experiences obtained during this project.

Chemical usage and bath life can be determined by evaluating the results of in-

house laboratory analyses. These data can be compared with chemical usage and

bath life data collected from past operations (without the filtration system).

The particle size distribution and total filterable solids should be determined

before and after filtratior of the alkaline paint-stripping solution with 400 -,m, 200-,m, 1

i
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I
100-Mim, and 50-11m filter bags. These measurements will help to specify a more I
efficient filter bag train.

Also, additional data should be collected to estimate the mass of bath waste I
collected per additional waste generated from the filtration process (i.e., disposal of

filter bags). Additional research should be conducted to determine the operational life 3
of the monofilament filter bags.

Long-term monitoring of the paint-strippping solution should be conducted to I
determine the filtration system's effect on the characteristics of the paint-stripping

solution and to verify that the ultimate desired benefit of hazardous waste reduction is I
achieved.

I
I
U
I
I
I
I
I
I
I
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APPENDIX A

PHOTOGRAPHS OF THE PARTICULATE FILTRATION
SYSTEM INSTALLED ON THE ALKALINE PAINT

STRIPPER AT LEAD
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! Figure A-1. Alkaline paint stripper bath. Note the particulate
filtration system return line at other end of tank.

I!

tlFigure A-2. Particulate filtration system.3 -2
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inFigure A-6. Close-up of the high pressure relief valve.
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- Figure A-9. Particulate filtration return line with eductor.

Figure A-1 0. Close-up of the eductor used to agitate the
alkaline paint stripper solution.
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Environmental I
Science &

L-.. : Engineering, Inc. 3
MEMONM DUM 

TO: Jeff Davis, PEI DATE: 9/19/90 3
cc: Lou Billelo, ESE

FROM: Jack Dunne, ESE 5
SUBJECT: FINAL QUOTATIONS AND RECOMMENDATIONS ON THE ALKALINE

STRIPPER PARTICULATE FILTRATION SYSTEM U
This memorandum pertains to the final review and recommendation
of the system vendor to construct the alkaline paint stripper
bath particulate filtration system. Based upon a review of the
quotations presented in Attachment #1, ESE recommends that APT be
awarded the contact to construct the filter skid.

A sumumary of APT's proposed system is presented below:

Three (3) Strain Rite UFO0180 304 ASME Code Bag Filters
arranged in series with a three stage Roper progressive
cavity pump. Each filter will have one bag (No. 2 type
bag), inszaiied. The bags wi9! be 50 m, 5 am, and 1
m respectively.

The equipment will be mounted on a 304 stainless steel
frame and include all stainless steel valves, flanges,
mating flanges, gages, and diaphragm seals shown on the
"Revision 1" process sketch. The frame size will be 4'
wide X 10' long. There will be a NEMA 4X control panel
which will include a motor starter, disconnects, start
and stop push bottoms, HOA switch, and lights to
indicate high and low system pressure. One day or
training at APT Incorocrated is incuduea.

The price for this system is $25,357 FOB Letterkennv
Army Depot (LEAD), Pennsylvania. Delivery time is 5-6
weeks after receipt of purchase order.

Selection of APT is made based on the following criteria: i

lowest price
* shortest delivery time

preferred filter basket design 3

353 5;--Spo Avenue Shenor~ C7 ?!-ore Z.3

Formerly known as Hunte'BCA.
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ship on company truck (better coordination
with installation contractor)3-stage progressive cavity pump

The remaining components are competitive with the other vendors
(i.e. recognized brands). ESE prefers the wire mesh basket
design rather than a perforated basket in the filter housing
because there is more surface area available for filtration.
Since APT will deliver the equipment with a company owned truck,
APT can coordinate with the selected installation contractor andLetterkenny Army Depot to deliver the equipment to the facility.

ESE recommends that the number of additional filter bags to
operate the system be determined and purchased separately from
the ma'nufacturer. This will allow LEAD to avoid the system
vendor mark-up.

If you have any questions pertaining to the technical evaluation
of the equipment or ESE's recommendation, please contact me.

B-3



0 'E

IN

- z z
ii -7I

Q~

.--

y=_~J J-

C ~ ,- - -

~-. (-
B-4

'0 1



*1
3

-J -s
I,

I:I o ~ 
- -C 

>-- 
.-.C, -- ~-J -.

U

I
V 

U C.I 
C,

- - C., ~
- - CO - - --~ ~ >~ z * ~ C-

cc -

e~J 
-

cc 7j~' ~
* K
I ~. * 2-

Uc. ~ I j
- z U

C, .~ ~ N

U
* oCr 

C:

U 11.-i.--
U -

0I 
-

- - 1<

U

~- zI II I I z

I 'I II - I
II~

-- r I I -~I I I
U U

~, ~.:;zLCr K: - ~' -I



InI

I c! r
(-- I ,

w Ii I

U -16



c u

- =

I ~lo

1 B-7



Z5I

ztI

B-I



I ZL

0 0 C V

(2 c) U cz.

0

C) -jZ M -

C- (J -

cn-

o eB-9



7I

0 . n 00 = -.. <~

00 0

0

\Cx I

A- a

C-) 0

Bo1



APPENDIX C

LABORATORY RESULTS OF SAMPLING OF
THE ALKALINE PAINT STRIPPER BATH
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1.1' "T /-E79112

IT Environmental Programs,Inc. Date Reported 1/29/91
11499 Chester Road Data Submitted 1/11/91
Cincinnati, OH 45246-4098 Discard Date 2/ 6/91

Collected 1/ 7/91 by JH
Letterkenny-Filtration System 17 Liq Frac Sample Time Collected 1615

P.O. 6287-3769-4-B
Rel.

RESULT LIMIT OF
ANALYSIS AS RECEIVED QJANTITATION LAB CODE

PH 13.2 0.01 020000700

1 COPY TO .IT Environmental Programs,Inc. ATTN: Mr. Jeff Davis
1 COPY TO Environ. Science & Engineering ATTN: Mr. Jack Dunne

Questions? Contact Environmental Respect~fully Submnittd

LA~-,A-'l=Client Services at (717) 656-2301 Lancaster Laboratories, inc.
S2606130 0.00 000700 Reviewed and Approved by:

it See Reverse Side For Explanation Bet hany A. Ebl inrg, B.S.
Of Symbols And Abbreviations And

Our Standard Terms And Conditions G roup Leader, Vat er L0",

C-2



I ---- z.----*-'-.- -'-LI -Samtole No-w'-' -162,t3&6- -

IT Environmental Programs,Inc. Date Reported 1/21$191
11499 Chester Road Date Submitted 1/fl1/91
Cincinnati, OR 452146-4098 Discard Date 2/ 6/9!

Collected 1/ 7/91 by iX
Letterkenny-Filtration System 15 Sludge Sample Time Collected 1615

P.O. 6287-3769-4-B

IRESULT Re.LIMIT OF
ANALYSI S AS RECEIVED QIJANTITLATION LAB CODE
Specific Gravity/Bulk Density see below 144301000

By this method specific gravity only applies to liquids and is reported
without units. Solids or semisolids, having air spaces present in the-
bulk sample, are determined as bulk density in g/cc units.
This sample consisted of two phases. The specific gravity of the phases
is as follows: upper phase - 1.41

lower phase - 1.66 g/cc (solid)

I COPY TO IT Environmental Programs,Inc. ATTN: Mr. Jeff Davis
* 1 COPY TO Environ. Science & Engineering ATTN1: Mr. jack Dunne

IusinCna:Evrnetl Rsetul umte

I~ ~ ~ ~~ ~u Qustnai n Contironmetlsetul umte

I C-3



IT Environmenta Pirograms,Inc. Date Reported /99
11499 Chester Road Date Submitted 1/119
Cincinnati, OH 45246-4098 Discard Date 2/ 6!91

Collected 1/ 7/91 by JM
Letterkenny-Filtration System i6 Liq Frac Sample Time Collected 16!;

P.O. 6287-3769-4-B
Re!.

RESULT LIMIT OFI
ANALYSIS AS RECEIVED QUANTITA-TON LBCD

Specific Gravity/Bulk Density 1.33 0.01 144.301000
By this method specific gravity only applies to liquids and is reported
without units. Solids or semisolids, having air spaces present in theI
bulk sample, are determined as bulk density in g/cc units.

I COPY TO IT Environmental Prograrns,Inc. ATTN: Mr. Jeff DavisI
1 COPY TO Environ. Science & Engineering ATTN: Mr. Jack Dunne

OuecinsCotac Evirnmntl Rspc~fll SumizI
.he sscrc -ClintSeviesat(77)61-201Lacate Lboazrisan
nec o 12 0130 0.0 0100 Rvi-je ad -~rvedov

QuSymosAdAbeitions? Cotc Anionta GRouesp erll Subied Qua

~ Cur Standard Terms And Conditions

C-4I



IT Environmental Programs,Enc. Date Reported 1/29/9i111499 Chester Road Date Submitted 1/11/9!
Cincinnati, 0OH 45246-4098 Discard Date 2/ U1'91

Collected 1/ 7/91 by jH

Letrerkenny-Filtration System #1 Represent Sample Time Collected 1615
P.O. 62,87-3769-4-B
Rel.

RESULT LIMIT OF
ANALYSIS AS RECEIVED QUANTITATION LAB CODE
Total Solids 636,000. mg/l 100. 02u301200

This sample was analyzed past the 7 day hold time ior total solids.
Total Dissol 'ed Solids 493,000. mg/l 100. 021201500

This sample was analyzed past the 7 day hold time for total dissolved

solids.

1 COPY TO IT Environmental Programs,inc. ATTNJ: Mr. Jeff Davis

1 COPY TO Environ. Science & Engineering ATTN: Mr. Jack Dunne

OusinCnIc n-omna- , ,1
CletSriIsa 77 5-31LnatrLbr o~s
12I610 00 020 eivdan prvd,.

SeIees ie o xaain .Eln.aS
OfSmosAn brvatosAd-
Ou tnadTrn n odtin "'u edr .ae

V- r.IVa &,r
C-
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x1950 to 1990 33

December 27, 1990

Environmental Science & Engineering, Inc.555 Bridgeport Avenue
Shelton, CT 06484

Attention: Mr. Jack Dunne 3
Ref.: Letterkenny Army Depot

Our Project # 1-3522I

Dear Mr. Dunne:

Enclosed please find the results from the spin test 3
conducted on the two samples submitted to us from
Letterkenny Army Depot's caustic bath solution. p
The following procedure was used when testing the samples.
The contents of each bottle were agitated and broken apart.
125 cc's from each bottle were then poured into a beaker, I
which was subsequently heated to 190 0F. Test tubes
containing 10 cc's of the heated solution were then placed
into a centrifuge, developing 1700 g's at the tip of the
test tube, and spun for three minutes.

Test results:

Ton Sample

Light Phase: 3% pourable brown colored oil phase and 1% 1
beige colored pourable emulsion phase.

Heavy Phase: 95.7% slightly turbid aqueous caustic,
with deep yellow tint.

Solids Phase: 0.3% gray colored settleable solids. Very I
low compaction, very fine solids, possibly
erosive, but unable to confirm, due to low
volume.

Bottom Samole

Light Phase: 6% Pourable opaque brown colored oil. i
2% Beige colored pourable emulsion.

Heavy Phase: 91.7% Turbid caustic with deep dirty yellow
tint.

Solids Phase: 0.3%. Gray colored settleable solids with
very low compaction. May be erosive, but
grittiness was undetectable, due to low
volume level. I

C-6
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The results of the samples that we have obtained from you,
do not seem to correlate with those results that were
initially published in the packet that was submitted to us
on the 14th of June 1990. The static settling tests that
were conducted indicated a solids level of 60 - 105 ml.
Even allowing for the compaction generated in a spinning
centrifuge, the results obtained in our samples were
drastically different from results obtained in March thru
May. Based upon our results, this application is better
suited for a 3 phase disc type separator centrifuge.

In a disc style separator, one or both of the liquid phases
may be discharged under pressure, while the solids are
intermittently ejected in the bowl periphery. The specific
gravity of your heavy phase and solids would require a
reduced bowl speed as a safety precaution. As with a
decanter style centrifuge, the presence of sand or gritty
material and subsequent possibility of erosiveness due to
these materials, is still of major concern.

Please review the information enclosed with your people, and
any concerned parties at Letterkenny Army Depot. I would
appreciate your response and comments regarding the
disparity between sampling results. Should you have further
questions concerning the enclosed, please feel free to
contact the undersigned.

Regards,

CENT RICO, INC.

Tom Kelman
Process Specialist

TK:ga
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COULTER " --

i
I

February 22, 1991 i
Mr. Jeff Davis
P.E.I. ASSOCIATES INC.
11499 Chester Road
Cincinatti, OH 45246

Dear Mr. Davis, I
The particle size analysis of your 2 samples of Slurry have been
completed using the COULTER! MULTISIZER. The actual analytical
conditions used are shown on the top pages of the computer
printouts. The summary of the test results are as follows:

VOLUME DATA POPULATION DATA
SAMPLE I.D. MEAN MEDIAN MODE MEAN MEDIAN MODE

2A 61.95 74.27 299.4 1.697 1.495 1.088 1
4A 58.09 77.92 189.4 1.907 1.672 1.089

Enclosed please find the computerized data printouts for the 2
samples submitted.

Should you desire an-, further information, please feel free to
contact Hanu R. Batchu, our Lab M;!nager, or myself at (802),327-
6531, ext. 4306 or 4314.

Sincerely, i
"_TE ELC 10.'iC INC.i

/Omar Hernandez
Chemist

OH/mev
Enclosure

i
I
!

C-8 I!



ICOULTER(R) Multisizer AccuCom:)(R) Rev. 1.10 11:2- FriFeb
32221MUL.101

I Filename: 92221!iUL.-=01j Samole Number: 130
Gr-ouo ID: 92221560
Sample ID: 2A
Comments: E.S. & E INC. 560 140 & 50 UM TUBES OVERLAPPED

Operator: OH
Electrolyte: ISOTONII
Dispersant: NONE
Aperture Size: 560 umn 92221560.,-01

140 urn 9222ll40.#el
50 umn 9222l50.eei

Channels 256 Variable 1: 0.000000
Variable 2: 0000

Accuired at: 17:13 Thu Feb 21 1991

4. Number

I rj 2221Me0

3. 0

- i2

u -

2: 3 4 95623 PatceK":nzrtn

I 5.. 9



COLLTER(R) Multisizer AccuComp(R) Rev. 1.10 11:25 Fri Feb 22 9

9222 iMUL . #0

Volume %1

1.1- 9222 iMUL ...oI

1.0- 80

V0.9-

0 0.7- 60

e 0.5 -40

0 .1 3 -02 04 0 10 20 30

'TII

Number Statistics (Geometric) 92221MUL.4?0i

Calculations from 1.05 umn to 323.79 um
Number 11.6411136 Co:nc. Corrected:

Mean: 1.697 um 95% Conf. Limi~ts: 1.697-1.69d
Median: 1.495 urn Std. Dev.: 0.453

Mean/Median Ratio: 1.136 Variance; 0.206
Mode: 1.088 urn Coef. Var.: 85.71 1%

Skewness: 1.982e*000 Right skewed
Kurtcsis: 6.108e+000 Leptokurtic

%, 10i.00 25.00 50.00 75.00 90.00 3
Size dim 3.014 2.043 1.495 1.225 1.116

C-10



ICOULTER(R) Multisizer AccuComp(R) Rev. 1.10 11:31 Fr-' Feb 22 1991
9222 lMUL.#O0l

IVolume Statistics (Geometric) 92221MUL-140i

Calculations from 1.05 urn to 323.79 umn
Volume 1.348w109 urn3  Coinc. Corrected: 1
Mean: 61.95 urn 95% Conf. Limits: 61.95-61.96 urn
Median: 74.27 urn Std. Dev.: 1.104
Mean/Median Ratio: 0.834 Variance: 1.219
Mode: 299.4 urn Coef. Var.: 26.76 -

Skewness: -1.017e+000 Left skewed
Hurtosis: 9.832e-001 Leptokurtic

*> 10.00 25.00 50.00 75.00 90,00
Size urn 222.8 134.5 74.27 36.47 13.64

C-1



COUTER.R) Mul It!seizr AccuColmpP Re'. 1.1:31 Fr F=.D 22 199

9222 1MUL. #s1
Channe s PAr t i c 1 e D1+4 Clm C I -C.r. I

D, -kmeter Numer Number VO1 urne V! urMe
UMn *1 .4/0 /m '0 '0

11 5. 69 1 !icl. ( Jf: 1 00. OI
1 I. .i 3.82 96.31
1. 10 3.82 92.49 ,.02 99.96

4 1.12 3.78 38.69 ;0. 0;3 99.97
5 1. 15 3.77 84.90 0. 03 99.91
6 1.18 3.45 81.13 0;J. ;;3 99.88

1. 20 3.33 77.6-(0O. .3 9?.e6
1.23 3. 17 74.34 0.3 99.3

9 1.26 3. 04 71.17 0. 0,3 99.80S
1 1 . 29 2.95 68. 14 0. 0 3 99. 77
11 1.32 2.87 65. 18 0. 03 99. 74
12 1. 35 2.79 62.31 0. 03 99.7 1
1 - 1. 38 2.74 59.53 0. 073 99.68
14 1.41 2.64 56.79 0. IJ3 99. 65

144 2.5,4 54. 15 .03 99.61
10 I 4T 2.38 51.65 .'P 58

1. ! 50 2.28 49.27 W.,4 995
18 1.5: 2.21 46.99 .0 99.51
19 15 2 . 44.78 ;t. 614 994 a7 I
20 1 2. 4 2. .6 - 99. 4

1 1.65 1.96 40. _5 F.. 99.39
1. !6? 185 3.3. 0.0 =-' 35

S? 1.7 . 7c' 36. E5 0.. -
.. 7. 0 .

26 i. 8: -= -,. 0"'  i.05 9 = !
1.88 .50 3-.! 5 ,.5 9. 13

2'3 i.92 .3 23.65 s-., ';-

2-Z-S.- 6=

2.7 2. 54 0. 05 98s. 9a
2. 11 1.19 23.27 0.5 98 99
2. 151.12 22. 08 0. 05 98 .34

34 2. '; 1.O8 20. 96 0. 0)5 98. 7E
* 5.1. "PS 7.3

2.-" j,, IZ . . 5 E . 9 7
7 2.35 9 17.91 ., 9- c2

..... 16.9 .

40. -. 30 15.23 0.,6 98.5 I
. 1 2.57 2.7" 14.43 e.6 9. 3

42 2.63 .; 1-.71 0.0; 9 --

.2. z 0. 66 13. 0 1 f . 06
44 2.75 .6 -  12.35 0. 0P6 9S. 1

11.7 .71 9 15
46 2. 3 0. 57 11. 1 .06 98.0-

9.54 Z1 'Pa (%2
4. "7 .*, C;. 1 .C. .2.-';'_.: -

-l .J c : . ., C

I3.20.4E.&' .7 z.2

C-12 c-i 2



COULTER(FI Mult i er Ac .C,:np F' Pe,. It. i., 11:31 Fr i b - 199
Q Z ,10-- 1M L . #l, i I

Ch. nIne -- Pazkr ticlIe Di + 4 Cure Di4 '_,

Di ameter Nulmber Number .tl uIne ,une

(;1." . .42 a. !6 (2). 07 T.70:
57 .37 0}. 40[ 7 7 5 0;. 0,' 7. 63
FA 3.44 0. 3 7. 375 0. 07 97. 55

55 3.52 0. 35 6.98 0. 07 97. 48
56 3.60 0. 34 6.62 0. 07 97.41
57 3.68 0. 32 6.29 0. 07 97.34
58 3.77 0. 29 5.97 0. 07 97.26
59 3.85 0.28 5.68 J;. 0 7 97.19
6'J 7-94 ;.27 5. 40 0. 8 97. 12
61 4.03 0.25 5.13 0. 0s8 97. 4
6" 4.12 0. 23 4.88 0;i. 08 96.96
63 4.21 0.2-- 4.65 0. 08 96- .?
64 4.731 0. 22 4.42 0. 08 96.8 1
65 4.41 0. 2 4.21 1; .Q8 96. 73

-. .. . 1 4. 0.1 96. S5
67 4. 61 0). ! .3. In f,. "P6. 9 5 7

t3 .71I? 17 3. 6-1 Sl; 9 :?
6-" .8 ,0.1 3. 48 . r9 4-

70 4. 03 0; 16 3.31 ;. 19 96.3
71 5. 0.1 0. 15 3. 16 0. ;.23

7- 5.27 .1 . 9 .
74 5.- 13 Q.7 ii6

3 . 71 1., .
7 5.7 0.1, 2.38 .1.74 0.1 .r-Z009. 77

7- 5.71- 0. 1 25. 677 5.6010237.0 5

79 6. 03 2. 10 :
6 . ;. 17 l" c --•fN II"

. . ... 1 61... 1 9.
83 6.59 ..8 1.82 0. 1 95.0'
8" 6.74 i.0 1.74 (. 12 -4.93

85 6.89 0.07 1 .65 0.11
E' T. 95(;). (;- -. 5s,. 1 7.5

S .. 1. ,. 10 0
7.37 12ac, 7. 5J- f;. j;6 1 7 Z

1.j 1.3 . 12 ::
! 7.88 0..5 1 .27 (D. 12 94.1.=

. 96 !.05 1.22 0. I -. 9.1(;
°Z8.2 , .05 1.17 0. !59 -

8.43 .05 1. 1 (A.. 13 93. 7c
95 8.62 .5 1. 0.14 93.65

- - . -;'- 0, .5 1i4.;02 b. 15 -:T

96 T.2 i !z .1-l 9C, '? 4-- .-2,
'7 7.14

1"01 9. a' c. OE. .17 --.

c-i4

I';i,.9• ., J:. i4 1%. c-1 ,.17 - .-
I.',1!,0. (',[. ;, 6-17 ' 7 175 =

C-13



I
COULTER (R) Mui z t' S1er AC--iCo o( -FJ) Rev. 1. 10 !I:'_1 Fr: F 2:i

2221MuL. 4 C l I

Ch_ i Part c I e nf Cure Di - -F
D) ameter NumOer Number VC,) LIme,

113 10. 31 0.3 0. 74 0. 1o 92.4 I
104 1.5 ,. ,.71 0. i- 92.25
1,05 1f;9 0.03 0.68 0. 1 92.8
106 11. 3 1:0. 03 0.65 0. 17 91.91 I
I (O7 11.28 0. 03 ;J.62 . 18 91.74
108 11.53 0. 03 0.59 0. 19 9 . 56
I;J-9 11 . SO . f03 0. 57 .22 91.3

1012. 06 0 . 02 0J.54 50.2 91.15
11i 12.34 0. 0 2 0. 52 0. 21 90. 95

112 12.61 0.02 0. 49 0. 21 90. 75
1$3 12.9 0.2 0. 47 0. 21 90. 53 3
114 13.19 0. 02 0. 45 0. 21 90.32
115 13.49 0.02 .43 . 23 90. 11
116 13.8 .. 2 .41 08 12- 89.e62 4

17 14. 11 0., .0.39. 3 8 ' . 65
S14.5 0.0f2 . 36 . 24 89.19

12i 15.9 0.2 0. 34 0.30 88.96
021 15.43 0.02 .32 0.32 e8. 66

122 15. 72 .0.12 0.30 .S . 733
23 16. . 0. ,. 2 88. 3

16. 5 7..

1. 2 . .

129 18. 8T 0.1 Of. 2, 0. 3 6.21
130 !.- ff.1 0.2J'" .3.- -".

I q. ..( 711., 1 5.

132!.1 .1 0.17 0.34 84.2a
134 '266a 0.01i 0. 16 j;.773 3.5

I?521.11 0.10. 15 0. 37S 8. 11 'I
16 21 .50.0 ! 61. 19 0.33 S5. a

-',. . 1 0. I: . 617 1

173 .07." ,
-. fI 0. 0 0. 12 0. 37 82.

141 23.61 4 .1 0. 1 2 0.3- 22. -

I
142 25.25 0. k)0 0. 11 .3 81C6

I A3. '  25. 25;E 0. Eil f.;i. I (: 31-;='

14'4 25).82- 0;.0 0;q ~. 10f~ 0.34 Si1
145 264.!(.4.01 .09 0. 8.83 I
146 27. 0 f . 9; 0 I. . 0. 36 80. 83

i44_.5 _° i .5 14 .5;,) ;J. 4 7S -,. 47
147 27 -1--1 f. .i .;J f .. 2,;j 8 (;iz8

S2 2. 23 0;.0 60% .08 7.7 77
jj. 29.53 0.-7 7.0 T 3

0 7 7 I. . -
0. (;I. c. 7S.

so- 78 i.(!i .. 2 F
15,3i 2 . 58 J;S(. 0j ,;. (, 77. 21

C-14
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COULTER(R) Mlt i zIzer Accu-oinp (R) Rev. 1.i 10:3 F: -eb 2? !glc~

922_2 1MLL. #11
Ch=rlne! - Par t 1 c Di In. ' Ei4fS.Di - '.

iEl Me f-r Nu'.mber Number- I LIme Vo um
u flm 3,4 ,t 0, .,o

I'4 01. 1
155 33.D2 0. 0.06 0; .44 77. 1;)2
156 33.29 ;.0 0.06 1;). 46 76.58
157 34. 54 1;.91i . .; i.4 6

15.8 35.32 0.0 .J5 0.44 75.64
159 .36. 12 0. 981 0. 05 0.47 75.25D
160 36.93 0. 00 0. 05 5. 7 a. 73
161 37. 7 . .4 0.52 74.24
162 38.62 .0 ..4 -.53 73.72
163 39.50 0. 00 0.0. 52 73.18
164 40. 39 w. C9IC 00. 004 ;.55 72.66
165 41.31 . 0. 04 0. 61 7 2. 11
166 42.24 l. j. :14 0. 6- 71.50

167 43.20, ;. 0. 62 7,0. 87
18 "4. 12 .00 0. 03 0. 62 70.2_
169 45. !. .. -. 65 6 . ,
170 46.24 .00 0.03 ,.65 68.99
17: 47.24 0.0 00 0.70 68.4
172 48.31 0.00 4. 03 7i.7 67. 64
173 4c. 0?.001 . 0.8" 66.87
174 5'. 0. .. 2 ,0. 77 66. 06
175 5 1. 6.0 07 1O. 2 0. 7S 65.79
i76 52. 2 .. ' .02 .5 .6

-'. 1. , .-. T ,62.

179 56. 51 ;. 0c c. "-
.1[, 57. 79 0.;. !i ' 0..2 1.0 . -

. 0 . 7.
184 6. 2 f.i. 11 1? 8 57.23-

185 6a.63 1.;;; .0.j 01). 95 56. 15
18:6 66. 09 j0.0 0.0:I; I 0. 91 55. 20127 67.5 .00 ,..1 . .c5;z 5k. Z

:22 60. 12 0. 0. O;i .C '5 "2
1'-0 70;.i ""  ; ';."i 0!.01; I.. 9- 52, *

1 -;L; 5 " ;. i 4 00. ,1 0 I. 9 ' 1 ' I"I 1 77. 60 1 ;..; 48.23

75. Sc 0.1 f.-7 9 4 . 2 !

1. .. - - P-7 32-

195 8c. 2- ,.0 .01 0.92 4:,. 39
Ic' 682. 60 .0 0.01 1.9 5j. a7

197 8. 5a A. oo0.)" .1

'it 2 i2. 4 5 (.A. "2.. 4 .-(;1. ..- 6-7

20 94.55 (;.1:' 0. 1. (613 43 * 5
6c 7F 47 -

6,'.8 0. '0 (A. 110;. S 77. 41
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COULLTEP'R ) Mult ! s-,uComp(S Rev. 1 ; -- 2

. ..22 2 M U L .t :D"
Chzniel s Pa r C ! e C44um Di C-",

D, amet"er Numbr Number "L-utn

20 6 10.3. 41 .0 5. 6.9" 35.63
717105. 7 5 e.0 c'.7 4.6

208 108;i. 14 50.0000 0. 72 33.82 I
2I71101. 59 F0 0. 1; 6. 0 3 3. 10

2410M 113. 01: 91.o 0o .8S2 32. 50
211 115 .65 0.0140 0.00 ~ 0;.80S *31 . 67 I
212 118.27 0. 00 0.00 ; .9 30. 88213 120. 94 0. 0.00 1.008 29. 91

214 123.68 0. 06E SD.00 1 .06 28 .83
215 126.48 0. ;. 1.16 27.78 I
216 129.34 0. 00 0i . .1.16 26.61

.1 132.2 - . ,0, ...,.;i 0,.'.6 = 5218 135.2.5 0.0 (0J!;j C. 0 i; 0. 55 24 .8

1'7=. 0. .. , .. -D o

14 7.93 .:';( 'DD 22. '24

- - 1 a4. 01. 17(; Q$. 1;;i I. 2 .C 99

21.7
I2 154. •. 0. C;; 1. 0;. 9

Z. 7 176 . 5 S. L i ;. {;! ?' . ' -At;$. 77.

= .. . 1 •. •.~ • . 3' r .9

157 0.0 0 .. 5~ 1 _3U

i33 .75 00: 24

' -..... . ! 1 .5 f-231. 1 6.9-- 0,,. r;,i ;1.);1., .5.5...- ,

232 1E6. f -. f;': ". 1;. 41. -3

233 1E9 23 ". '.;;  . ., o.s: 13.9523 -  193.5 =': ".;h; 0;.00 0,'. .24 i.

9 z~ 71
: 2 . -" .'.
241 225. 50. 0. 0Z' Z. I

242 231.45_" .; i 0.0 ,:. 4..1 ! .8.

3 236. 0. 00 0. (6 M .. -.
." . .Of. 5ll 0.2-

24 .... .. '=1
25'. 32. -.~ 5. @,i ..~ I =. .

247 25.S6 0. 0 .. / ,. .28248 264- .7 2'}.I| ;.(h .,.•6i

2., 55- Z Z " S T.; 1i' 60. f' '", z:, S = .

I
I



COULTEFU;) Mutisizer AccuCcmiptF' Re,-. 1.10 -72 * i Fe-b 22

92*221 UUL. :*-IChann~els Particle CyITCum i4 u
D m re te~ r- L -'ber NWLT0-21 V01 um7e V~.

-6316.62 8.0 ~ 0 .2 0

I-1



COULTER(R) Mult'.s-zer AccuCornD(R) Rev. 1.10 11:32 Fri Feb 22 1991

92222MUL.#01I

Filename: 92222MUL.#01 Sample Number: 130
Group ID: 92222560

SampleID: 4Comments: PEI ASSOCIATES INC 560 140 & 50 UM TUBES OVERLAPPED
Operator: OH
Electrolyte: ISOTONII

Dispersant: NONEAperture Size: 560 urn 92222560.#~01

140 urn 92222140.#t01
so urn 9222250.u01

Channels 256 Variable 1: 0.00OZ00Variable 2: 0.000000

Aca. .ed at: 10:33 Fri Feb 22 1991 '
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COULTER(R) Multisizer AccuComnp(R) Rev. 1.10 11:39 Fri Feb 22 1991

92222MUL .n01

Volume %

922 2MUL.! Oi L

-1.4-

80
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1 6- 20 3-01040 I i l1-30

S i i i i i II!,1 I: i : ii i II I it v 1 0,

1.1 2 3 4 5 6 10 20 30 40 60 100 200 300

Particle Diameter (um)

Number Stat:stics (Geometric) 92222MUL.LOI

Calculations from 1.05 um to 382.39 urm
.'umber 24.71-106 Coinc. Corrected: 1
Mean: 1.907 um 95% Conf. Limits: 1.906-1.907 um
Median: 1.672 um Std. Dev.: 0.520
Mean/Median Ratio: 1.140 Variance: 0.270
Mode: 1.089 um Coef. Var.: 80.50

Skewness: 1.492e+000 Right skewed
Kurtosis: 2.988e 000 Leptokurtc

% > 10.00 25.00 50.00 75.00 90.00
Size um 3.894 2.431 1.672 1.285 1.134
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COULTER(R) Multisizer AccuComp(R) Rev. 1.10 11:45 Fri Feb 22 ,99!

92222MUL.#Ol 3
Volume Statistics (Geometric) 92222MUL.#01

Calculations from 1.05 um to 382.39 um 5
Volume 3.346r109 um 3 Coinc. Corrected: 1
Mean: 58.09 um 95% Conf. Limits: 58.09-58.09 um
Median: 77.92 um Std. Dev.: 1.191
Mean/Median Ratio: 0.745 Variance: 1.418
Mode: 189.4 um Coef. Var.: 29.32

Skewness: -8.422e-001 Left skewed
Kurtosis: 6.528e-002 Leptokurtic

% > 10.00 25.00 50.00 75.00 90.00
Size um 202.5 148.2 77.92 27.74 9.796
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COULTEr-.R) Mul t s,=er. -- A.cul-ompangs .i . :-5 F:- F_ = "S

P. t 1* C UM

Di .meter Number VCI- UJ,- Vol L.ee
0j al

1 1.05 63..8 10.. li' . .;!! ; ,:i,

0 .08 3. 1 S0 96.92 0 Q
1. 10 -3. .b 93.82 0. 02 99.97:1 4 1. 13 3. J2 90.76 .. 2 99.95
1.15 2.97 87.74 .2 99.94

6 1.1!8 2.8 84.77 00. 2 99.92
1 . 21 -'.65 81.9-3 J.) 99.90a 1.24 2.57 79. 23 .2 99.88
1.26 2.54 76.71 0."2 99.86

10IV 1.2" .. 9 74.17 0. ;2 99.P-4
Is 1.32 2.39 1.68 .2 99. 82
12 1.36 2.32 69.29 0. 02 99. SZO
i3 1.39 2.32 66.Q7 . 99.77

15 .45 - 1€ 62. -a. -A. "!C3 9 .-Z

1.52 2. 0- 53. !J7 C.; 7;3
18 1.56 1.97 56.9-5 .93
19 1. 59 1.92 54. ,617 g.. 'i3 99.61
2. 1.63 19" 5..5
211. 67 1 . 50. :1 ... 55

1.7=" i.- .. 7. ". ,

i . 1 1.. 56

1.5 3. 1; * 5.; 9... 1.....'14. f..- C
-32 2.1!5 i.-C 31. ""-.- .:. 06 99.06.'
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-: . 07 ..a- "*,;..
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".- .. 6t:
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COLULTER(R} M,Itisizer A---Cnp, F" Re'... 1 . , :! - --. 2" "'.
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COULTEP(R) Mult is:er AccuComp(R) Revl.I .1f 11:4T Fr: Resz 22 199:-

Channels Par ticle Di f CUM DI i4'.3

Diameter Numcer Numoer V:1 -urIe VcL ..re

Urn 0, 0 '0
154 35. 67 (;.1 0I 1. 05 Q. 47 7 i. 15
155 36.50 . 0.04 0. 46 69.
1, 37.35 (.. 0. 04 0. 48 69.21
157 38.22 0. 00 0. 0 a 0. 47 68.73
158 39.11 0 . 0; J;J. 0; 4 ; .46 6F.26
159 40. 02 0.00 0. 04 0.47 o7. j
160 40. 95 0 . p0 (.. 03 0. 49 67.33
161 41.91 0. 081 ID. 03 0. 52 66.67
142 42.68 E 0. 0.03 0. 54 66.32
163 43.88 0. 00 0. 0 3 0.5 65.77 3
164 44.91 0. 00 0. 03 0. 54 65.22
165 45.95 0. 00 0.0 3 0. 52 64.6S
166 47. 02 0. .02 0.50 64. 16

167 48.12 . 0.02 10. 49 67.67
1 .- 49.24 C. 0.02 57 -T
- _- Sz6. .5 60. 612 6-. 5 -

1 7",'t 51.56 0'J. 0ij;j 0. '02 0. 56 62. 1)59
171 52.76 701. . .5 -  6 02 52
1/2 5--.99 0i.00h 0., ,0 :.62 60.t9-3

•D 0, . ;. 5 6 ' . -5
173 55. 25 0.0 0.02j 0.6 64,.3
174 56. 5a 0A.0 0.246

175 .5 .0. sE ..1 "a 1, 56.9T
i"'6 59. 200 .''. 01 0. 6,t 56. 31
177 - - . - .' . . .5 .-- 70. Oi, -. (;1

186 616 9 0. .. ,1 0.65 57. I179 67. 9T 0. ;. . .o 56.39 0

163 69. f;.0 0 .1 71 .=562
7j. a 7 7 .1

165 67.97 34}. (0;.1 ( 0. 71 5. 7 5
186 74.53. . 0.1 '51. 53

71. 1 S 0. (;j P". -; i Q.". AZ18"- 72. !5 j;;. O.ki f;). 0 ;. 7.2 15Z. 2
1. .6 74 53 (D. k

-: '~~~ ~~ 1.' 5; 1' .T -
1"7 76. Z7 5E. 0.; 7SI 7 . O

C.. 9. S. -
I f 8 f . 0 . 7 5. 2

1 87. 6,3 0.00 .1 0 .6c 47.53
1- 85 . 58 0j. 0f; 0.0 MI75

2"C 1'i . - ?. '. d' 0;.0(0( ., , 6 .2 -.

I -} 1c' 617. , 0?.0 ,.,0 . 0',?i ,. z 45. 35?
*2 .. , 1"'. 75 £'J. q'' ;S,. 00 .' !. 1c - . !

I9 36 .000 0.82 4.70

"P -.9 2 . 6;j. 0. 9O.P 0. 3 43

7I,0 1057. 7,a j 2;I5 17D. 25 I;$ 610i A7 37m7

2" 4 11-2.2 f;'g0 ~ 0 ~ 3.5
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"OULTER ) Mutis.zer Ac.-LC...np(F\1 Rev. 1.li0: 'rl _ 22r !? Z

922221UL. #(;)1
Channel s PFr t i c Ie Di ; i Cure D. t rM

D, rineter Number Number e,- .eume
UM % . o,

'2 5. 1 15. 45 7.J 5.h ) ?i '. . 6 2
2 1; 6 118. 14 (;Jj£(i H @ i i..B '  -.t6.
20.;7 120.;. C-9 I;. f~f;) IN. 1;1) lp 7' - 77
20i8 123.71 1.; ii . ;; I. '').; 3 .8

:'(."9 1'26. 59 (!1.l.; .;j 0) 7. ;5 .
2 !10i 129.54 1; j ii 1; )i ,. 07 5'30. '3 4

I11 132. 56 29.67 .I l~)).'.
212 1 35.65 0 .;4 0il 0i 1. 1 i '.:;

2' 3138. 1 a' I£ i. i'' 1. 12 27. 77
214 142. 014 Q']. I;$)i P;;. 0i i . 92 26.65
2115 145.35 0i. 00; ' 0; . ; 00. 67 '25 7 T
216 148.7T4 0, . 0)0; 5; . i;)ji i. 82 2_4. 86
217 15 2 . 2-? 0; ~.; ; i.;I 92 i3
2 ! 155.7T5 Ni ;.1q .. ,'. . (;I-, 2 '. 9 5

221166. 9 S -. E.I; i .i; !.€ i€ . 7T
222 170). 79 i @i ; £;! E. z .i£ .9

22-.17 4. T6 fI!) Ql,3 fi..;'$ 5 7. 48

i-1 7-1. 9. 9:. ZZ ,.,.i; I"! 3

271% "A5. 131 06-pi lJ ,. i ": .4

0I

752

2"'.3 2 '2. 8I.-0 fA. 611;t f .t
238d 14 2 7 .7 .00 6. .3

" ~'9~12 .59 .00. 0'.. I.5 ;311.
216 12.05 75 0 .00 0. 10 0.9 7 2 6.6
2157 14i.5 J0. 0.0 0.6

2_358 246.87 I) ;J [ '; 'i ?.-,-,..-,7

I1N4.4 .000 50.62 2.67

Z' 4. 25 S. 5 . 0.00 7. . ," 22 -.

Z. 2170.3q

2' '27,. 5f|i.1[ .4. (;i;, '. 2?' 7. ,Z75244 227...... 45 (A. * '0
3. ,0 5
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CHEMICAL USAGE LOG_______I

QUANTITY

MATERIAL ADDEDI
DATE ADDED (LB OR GALLON)

D-4



2i >'~'

I ~
*
* 0

I
UI

~

I 01 -~

I
I z0

I
5
I 

,~ ~,

I
I

I D-5



I

I,
APPENDIX E

1 LEAD SODIUM HYDROXIDE AND SODIUM
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AN EVALUATION OF IMMERSION DERUST SOLUTIONS £
OBJECT

The object of this project was to:

1. Determine what influetces the iron sequestering power of immersion
derust solutions.

2. Determine the thermal stability of irmersion derust solutions.

3. Develop a Derformance test for comparing the derusting capability
of various immersion derust solutions and Type 1 solutions conforming to
MIL-C-14460, Corrosion Removing Compound, Sodium Hydroxide Base: For
Electrolytic or Immersion Application. m
SUIAIIARY

The calcium sequestering ability of caustic-gluconate solutions was found 3
to be caustic dependent. In extremely caustic solutions gluconate does
not sequester calcium ions. The iron sequestering ability of gluconate-
caustic solutions was found to be'dependent on the caustic content and the
ability of the gluconate to sequester more than one iron (III) ion. The
addition of ethylene diamine tatracetic acid (EDTA) improved the calcium
sequestering power but did not affect the iron sequestering ability of
caustic-gluconate sol utions.

*Immersion (Type'l) derust so ucions were 0depleted of gluconate while being
maintained at operating te.mo.rature (240 F). At*160°F, no thermal degrada- I
tion of immersion'derust solution was evident. Thermal degradation of
immersion derust solutions at 200 F was evident but to a lesser extent than
that whicn occurred at 2400 F. Little degradation of the caustic and no
degradation of the EDTA wa,. observed during the test period.

Rusted panels were plac-..d in (lerust formulations for various times and at
different temperatures. The .inount of rust removed during the test period
was deturminedo. To achieve miximum rust removal from the corroded panels,
the derust solution had to be maintained at the boiling point tamperature.

CONCLUS ONS

It was concluded that: I
1. Caustic-gluconate solutions could be used to sequester trivalent

iron wh..n EDTA was not present. Addition of EDTA did not improve the iron
(III) sequestering power of the caustic-gluconate solution.

E-2 l



An iron (III) titration might be used to estimate the sequestering
power of a derust sNuOlu ,

3. Current immersion (Type 1) derusting solutions are tnermally

unstable. Maintaining the derust solution temperature near the boiling

point for 80 hours resulted in a' 50%V decrease in the aluconate concentration.

4. The caustic and EDTA content are not significantly affected by

lengthy exposure to operating temperatures.

5. Salt spray (ASTM-8117) risted panels could possibly be incorporated
into a rust removing performance test for imfersion derust solutions.:

6.. Eliminating the EDTA from inersion (Type 1) derust solutions would
result in. significant cost savings.

Q rnMMpfnAT!nNS

It is reconended that:

1. EDTA not be used in t'ie formulation of immersion (Type 1) derust
sol utiorts.

2. Caus.ic-gluconate deiist solutions be heated to boiling only when
work is available for process'rng to minimize thermal degradation of the
gluconate.

3. Standard rust panels be used for performance testing of immersion
(Type 1) derust solutions.

4. The imersio*n formulation be used to develop a cyanide-free
electrolytic (Type 2) derust .olution.

INTRODUCTION

The MIL-C-14460 specification requires that gluconate, EDTA and caustic
be used to formulate iminersion derusting solutions along with other minor
constituents. -The specification describes analytical procedures to-be followe.
for acceptancZ-testing of these materials and states that the solution be
operated at a slow rolling boil. However, the specification does not
provide analysis to be conducted for the purpose of replenishing tiTbath
during production operations.

Recently, some questions have been raised as to the efficiency of the
immersion formulation in the specification. These questions included the
following:

1. Why can't the inmers-on (Type 1) derust solution be replenished?

E-3
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. Why des.the derbst solution become ineffective in the absence of
production operations? I

3. Could the imnersion specification solution be made competitive
with current proprietary formulations?

4. Could a performance :est be developed to evaluate the rust reomoving
capability of"immersion derust solutions? 3
These unanswered questions, t;e fact that some analytical procedures needed

"-refinement and because the sp.!cification is up for review are all considera-
tions which prompted this investigation.

PROCEDURE AND RESULTS

I. Sequestering Ability

Solutions containing 25 grams of sodium gluconate and varying amounts of 3
sodium hydroxide were weighted out and placed in a 100 ml volunetric flask.
The mixtures were dissolved with distilled-water and the flask was filled to
the mark. A five inl sample of the prepared solution was titrated with a
2.2. calcium chloride solution. Five ml of 5% sodium oxalate was added as
an indicator and the titration proceeded until calcium oxalate was precipitat=
The data is -summarized- in Table 1. Note that the calcium sequestering abilitI
exnibits a maximum at 15'-252 sodium hydroxide.

Table 1. The affect of caustic on the calcium sequestering ability of 25*
sodium gluconate. sU

Caustic Content (' Weight) 0'l OF Calcium used Caustic Content ml of Calciur

0 0.05 20 30.5 U
2 1.3" 25 30.9

10.6 35 0.1

10 23.8 42 0.01 I

15 28.4 50 0.01

EI
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Th i da#a i s shown graphically in Figure 1.

40

* 30

mi of calcium
sequestered

20

0

5 10 15 20 25 30 35 40

WeigLt % of Sodium Hydroxide

Figure 1. Affect of NaOH on the Calcium Sequestering of 25' Sodium Gluconate

The preliminary test using c.alcium was conducted because calcium is generally
used to determine the seques .ering power of many solutions. However, derust
solutions inust be capable of sequestering iron. A second group of 4olutions
was prepared by dissolving 25 grams of sodium gluconate along with varying
amounts of caustic in a 100 -.al flask and diluting to the mark with distilled
water. A one ml sample was Litrated with 2.9 ferric chloride hexahydrate
until a ferric hydroxide pre :ipitate. was formed. Data could not be acquired
with the low caustic solutio-is since the ferric chloride (acid) solution
neutralized the caustic that was present and no ferric hydroxide precipitate
would form. Data acquired f'om the titrations is summarize€ in Table 2.
Note that the iron sequester:ng ability of gluconate continuously increases
as the caustic content increises.
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Table 2. Affect of Sodium Hydroxide on the Iron (111) Sequestering Ability
6f 94diwdf GiueenateI

Caustic Content ('a byWeiihtl m] of Fe Used Caustic Content ml of Fe Used

0 Not enouch OH 20 20.01

2 2524.51

5 " '35 32.8

10 " I S42 38.03

;5;ISI S 0 36.0

This data is shown graphically in Figure 2.1

40

ml of Fe (111)3
seques tered

301

20-

101

0

15 20 25, 30. 3 5 40 4 5 503

W.-iaht % of R4aGH3

Figaure 2. .Affect of Sodium h/droxide on the iron (11110 Sequeszering Albilhty
OF 25"' Sodium Glucl-nateI
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One other caustic-glueamAi$ y4Hiable ws iynvestEigaetd. This time tne
caustic was held constant at 25 grams or 50 grams and the gluconate
content was varied. Samples were prepared as previously described in
a 100 ml volumetric flask. A five ml sample was titrated with 2.5% iron
chloride until ferric hydrox.de was precipitated. Data is suimarized in
Table 3.

Table 3. The Affect of 25% ,nd 50% Sodium Hydroxide on the Iron (Ill)
Sequestering Abili'/ of Sodium Gluconate at Various Concentrations.

50% NaOH plus 25% NaOH plus

Na Gluconate mj of Fe (III Used Na Gluconate ml of Fe (III) Used

5 2.8 5 16.0

10 43.2 10 21.0

15 44.0 15 22.5

20 45.6 20 24.0

25 47.2 25 24.5

30 49.3 30 24.7

35 46.5 35 26.5

40 44.3 40 27.0

Ten grams of 3Na EDTA was dded to this solution. The flask was heated
to boiling to get the EDTA i,.to solution. A five ml sample was titrated
with iron (I1) chloride soltion to the ferric hydroxide end point. The
titration required 41.0 ml o iron (III) solution. This indicates that
EDTA does not-improve the ir,n (IMl) sequestering power (f the gluconate-
caustic mixture.
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The data in Table 3 was used to prepare Figure 3.

50 - -- .
/

40 
L 501 aOH3

ml of Fe (III I
sequestered

30 25'A NaOH

20 "

103
/

5 10 15 20 25 30 35 40

Weight .9 of Sodium Gluconate

Figure 3. The Affect of Sodium Hydroxide on the Iron (IlL) ,,equestering I
Ability of Various Sodium Gluconate Solutions

Some calculations were made to determine the amount of irin (III) sequestered
by the 20% sodium gluconate - 50% sodium hydroxide sample. Calculations
showed that under these condicions three moles of iron (III) are sequestered
by one mole of-sodium gluconate prior to precipitation of ferric hydroxide.

Ten grams of 3Na EDTA was dis;olved in 100 of distilled water. Ten ml of
25% ferric chloride was addea and a yellow colored solution resulted. Ten
grams of sodium hydroxide was added and a ferric hydroxide precipitate was
observed indicating EDTA does not sequester iron (lII).in a 10% caustic
sol ution.

I
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11, Thermal Degradation

The following solution wts prepared:

Sodium hydroxide ........ . 324 grams

3Na EDTA .... .... ..... 90 grams

Sodium gluconate ............ 186 grams

Distilled water .... ........ to one liter

Four hundred ml of this stock solution was placed in a 500 ml beaker.
An analysis of the compounds was performed by (1) titrating the caustic
with hydrochloric acid, (2) P potentiometric titration of EDTA with
calcium and (3) determining Ihe optical rotation of the gluconate.
The solution was placed in a furnace at 240 F and periodic analysis of
the solution was performed. Data acquired from the analyses are
summarized in Table 4.

Table 4. Values Obtained During Periodic Analysis of a Derust Solution

at 240 "

Time (hours) Caustic Gluconate EDTA ml Fe (III) Seouestered

0 55.4 23,6 13.2 31.5

20 56.0 19.1 13.3 33.5

40 53.3 16.3 13.2 29.5

90 48.7 12.3 12.7 12.0

44 grams of sodium gluconate added

140 48.5 22.0 13.0 33.0

190 47.5 17.6 12.9 18.0
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Table 4 snaw6 ^h4, J qlu aot 8rcanra;ton e5econes si.nif~alitly deplots 3
after 90 hours of'exposure to 20 F even chough no rusty specimens were

processed in the bath. Table 4 also shows that the gluconace concentration
can be reDlenished by a simole ddition-or soaium giucond.o. 3u,
Another four hundred ml sample of the* stock solution was placed in a 500 ml
beaker. The stock solution was analyzed using the procedures Rreviously
described and the solution was i.nen placed in a furnace at 160 F. Periodic

analyses of the solution were conducted and the results are summarized in
Table 5.

Table 5. Values Obtained During Periodic Analysis of a Derust Solution

at 160 0F. 3
Time (hours) - Caustic Gluconate EDTA ml of Fe (III) Sequestered

0 55.4 23.1 13.1 32.2

44 53.6 22.9 "1.3. 0 30.6

112 54.0 23.5 13.4 28.4

160 54.0 22.1 13.2 30.9 1
208 55.3 23.3 13.3 31.6

280 56.0 24.0 13.4 32.0 1

The data presented'in Table 5 indicates that very little, if any, thermal 3
degradation occurs at 160 F. This may be the reason why some proprietary

formulations are recommended for use at 1400-160 F.

The theriaf stability of two derust solutions at 200 F. One solution

consistea of 400 ml of a MIL-C-14460 Type I compound (600 grams pr liter)

and the second solution (stock solution) consisted of the following: 3
Sodium Hydroxide .......... 130g

3Na EDTA .... ............ 369

Sodium gluconate ....... •.74g

Distilled Wat-.r ........ up to 400 ml

I
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PeriodiG aRaiys16 W@F_ gRg4@i .I afl tfi@ segaltiens and the results are shown
in Table 6.

Table 6. Thermal Decomposion o the Specification Soltuion,(A) and the
Stock Solution (B).

L'- A.

3Time (hours) Caustic G uconate EDTA ml of Fe (III) Sequestered

0 53.3 24.5 10.2. 30.0

U16 52.7 22.0 9.95 29.5

40 51.2 20.5 10.6 30.0

68 52.1 20.0 10.9 29.0

92 49.5 18.8 "10.3 28.0

164 47.3 16.7 10.2 26.5

B.

0 51.6 25.5 12.5 31.0

24 53.0 24.0 12.7 31.0

48 51.2 21.0 12.4 30.0

72 51.3 18.8 12.8 29.5

144 47.7 16.2 12.5 28.0

192 49.0 16.0 12.9 27.0

Table 6 shows that at 200 0 th rmal degradation of the gluconate is experienced
but the degradation is much le~i that that experienced at 240°F. Thus it
would seem advantageous to stay t out with a minimum amount of gluconate and the:
replenish with gluconate as it is depleted. Also, to keep the thermal degrada-
tion to a miniiiium,. the solutiot should only be heated when materials to be
derusted are available. Holdirg the solution at operating temperatures in
anticipation of periodic processing will greatly reduce the efficiency of the
bath and add to the derusting (osts. Thermal degradation of 'derust solutions
at various temperatures is shotun in Figure 4.

3I E-11
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I. Performance Testing

Panels of SAE 1020 steel, 2" x 3" x ).06", were vapor degreased,
blasted with 250 mesh glass beads and exposed to the 51 salt spray test
(ASTM-8117) for 16 hours. Tge panels were rinsed with distilled water
and placed in an oven at 210 r for a minimum of eight hours. The panels
were removed from the oven approximately one-half hour before being weighted.
They were immersed in a derust solution, water rinsed, dried and. reweighted.
Finally the panels were blasted clean with 250 mesh glass beads and weighted
again. In this manner, the amount of rust removed by the derust solution
was compared to the total amount of rust on the specimen. Various derust
formulations at different temperatures were tested using this procedure.

- The data obtained during performance testing is summarized in Table 7.
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Table 7. Perforniance of Derust Formulations at Various Temperacures.

Derusting Immersion Removed Residual Total Rust Remov

Sal ution F_. Time(min) Rust(mg) Rust(mq) Rust(mg) Total Rus-

Type 1 (600g/l) 240 10 217.9 6.6 224.5 97.0

Type.l (300 g/l) 223 10 213.8 14.9 228.7 93.3 3
Exp'l Type 1 (3% 3Na EDTA) 220 10 203.1 14.8 217.9 93.2

Proprietary Type 1 215 10 197.8 25.7 223.5 88.6

Stock Solution (300 g/l) 218 10 183.9 29.6 213.5 86.4 3
97g RaOH L27g a EDTA) 300 ml 235 10 4.1.9 136.9 178.3 23.5

97g NaCH 232 10 57.0 147.4 204.4 27.9

97g NaOH 300 ml 234 10 178.6 2.0 180.6 99.0
56g Na Gluconate)

100 ml T.G. NaOH 350 ml 224 10 182.6 7.4 190.09
13g Na Gluconate) 95.8

Stock (300 g/l) Air I
Agitated 160 60 108.9 107.2 216.1 51.9

Type 1 (300 g/l) 150 60 72.4 151.1 223.5 32.5 3
Exp'.l Type 1 (3% 3Na EOTA) 150 60 116.1 99.1 215.2 54.0

-Type 1 (600 g/l) 150 60 166.7 39.6 206.3 80.7

Proprietary Type 1 150 60 88.8 125.8 214.6 41.1

Stock Solution 150 60 115.3 122.4 237.7 48.4 3
Type 1 (600 g/l) 150 30 96.3 110.0 105.3 46.6

Type 1 (600 g/l) 185 30 195.6 10.9 206.5 94.5

I
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Table 7 shows that all derust solutions are most effective at their boiling
point. It aiso sngws 'a; Sil. Wf4H FA-4i 6 PHU i@@vi. e ei4t
used to distinguish the ability of a solution to remove rust. Natural rust
may be more difficult to remove that salt spray formed rust, but Table 7
shows that time and temperature can be altered to make a performance require-
ment more difficult to meet.

DISCUSSION

During this investigation idditional reference work was conducted to learn
more'about the possible reactions of Type 1 compounds in an effort to explain
the chemical processes which oc:ur in derust solutions. First, the poor
thermal stability of sodium gluconate in a hot caustic solution will be
discusssed. The following paragraph describes one of the processes which
could occur.

"The complex reaction sequence promoted by the action of aqueous alkali at
35 C on reducing sugars includes isomerization, fragmentation and fragment
recombination. Two kinds of products form: carbohydrates and saccharinic
acids. The products of fragmentation are themselves'at the oxidation level
of carbchydrates and they may isomerize or recombine to form larger molecules.
In addition, there are formed colored products of high molecular weight and
undeter,.ined structure." (1)

This statement applies to glucose, but the site at which these reactions occur
is along the six carbon atom chain. The only difference between glucose and
sodiam gluconate is the functional end group. The atomic arrangement along
the carSon chain is identical.

A reaction which. appears in an organic text is written as follows:

R-CO2 Na + H 20 - R-H + NaHCO3 (2)

NaOH

'-a--. Na2 CO3 + H20

This represents a decarboxylation reaction in which a CO group is removed
from the gluconate and in the presence of caustic forms ;odium carbonate.
If the gluconate content is increased to 50% in a 30% caustic solution and
heated to boiling, excessive gassing of the solution is observed. - Remembering
that alcohols can be oxidized to acids in the presence of an oxidant and acid,
the gluconate could possibly decompose in a caustic media to produce oxygen
and the corresponding aldehyde or alcohol.

(1) Journal of the Aerican Chemical Society, 1952, page 499.

(2) Organic Chemistry by Cram 4nd Hammond.

E-15



I

Th#I O p rsed readtion would be: I

2 RCO2 a + 2H20- 2 R-C' +'ZNaOH +0

or R-CO Na + 2H0 R- CH 0H + NaOH + 02

These reactions would render the optically active gluconate inactive and
account for the gassing that occurs along with the depreciation in thle
gluconate concentration. Thus, a combination of isomerization, fragmenta-
tion, decarboxylation and deoxygenation of gluconate may be involved when
sodium gluconate is. present in caustic soltuions.

Secondly, The chemical reactions involved in the rust removal by caustic-
gluconate solutions was investigated. The following are statements or
reactions from various references related to the rust removing or iron I
sequestering capability of derust solutions.

1. For high temperature work, EDTA may be more economical due to

its better thermal stability.

2. EDTA forms stable complexes with ferrous and ferric ions. 3
3. To some extent EDTA is relatively ineffective as a sequestering

agent in the presence of high caustic soda concentrations. 3
4. The electron attracting tendency of iron (Ill) is sufficiently

great so that ."induced dissociation" of the hydroxyl proton occurs on- the
gluconate.

5. Sodium-gluconate in highly alkaline solutions can be completely
dehydrogenated on the -OH groups.

6. The iron (Ill) complex formed with gluconate at pH 9.3 has the
following structure: -2

-0 H H if H H-

C - C C - u- C- C- HO I *i" ' I

H.-e.0O" 0 "'- 0OH l

H -0,

H OH H

7. Fe2 03 + 2NaOH- a-a2 Fe204 + H20

L8%and c. the. boiIi ng point3
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8. Na2Fe204 + 2H20- Fe203  nH20 + 2NaOH

9. Fe+3 + 30H_- Fe(OH)3 ; 2Fe(OH)3  Fe0 3H20

This illustrates that caustic is the ingredient which most significantly
affects the dissolution of rust. The gluconate is simply there to
sequester iron (I-II). An overall reaction for rust removal can thus be
postulated assuming the complex at pH 9.3 is typical and the fact that
gluconate sequesters iron (III) on a 1:1 basis.

e203+ 4RCO2Na +. 4,aOH 2 Na [e(RCO)(OH)]  + 2.RH +2Na 2CO3 + 3/202
Fe203  02 NO-- 'aLLJ~)

This reaction is a combination of the following reactions.

*A. 2NaOH + Fe2 03 -- Na 2 Fe2 04 + H20

S. Na2 Fe204 + 4RCO 2Na + 2NaOH + H2 0--e.- 2Na 2 Fe(RCO2 )(OHI) + Na 2CO3 + 3/2 0

Note that all these processing reactions can be written without including
EDTA into the reaction.

One other factor remains to be discussed-and that is how can more than one
mole of iron (111) be sequestered by one mole of gluconate. A 1967 report
states that polymeric iron oxide could be formed by adding caustic to an
iron (III) citrate complex. Polymers with a molecular weight of more than
1.5 million were, produced.

A proposed structure for such an iron oxide polymer is shown.

W l
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The sa§i FS*9;. - 3H99 fermulatien is eentinuallrePeated. In relatively
the same manhe', glueonate could sequester iron IIfL) on a mole for moie
basis until an excess of iron (I1) is present. Then polymeric iron oxide
could begin to forr and the extent to which it would grow (and be seques;ered)
would depend on the structural stabilities of the polymer and the parameters
wnder which it was growing.'

I
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