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ABSTRACT

The Rocky Flats Plant is pursuing polymer solidification as a viable treatment
option for several mixed waste streams that are subject to land disposal
restrictions within the Resource Conservation and Recovery Act provisions.

Tests completed to date using both surrogate and actual wastes indicate that
polyethylene microencapsulation is a viable treatment option for several mixed
wastes at the Rocky Flats Plant, including nitrate salts, sludges, and

secondary wastes such as ash. Treatability studies conducted on actual salt
waste demonstrated that the process is capable of producing waste forms that

comply with all applicable regulatory criteria, including the Toxicity
Characteristic Leaching Procedure. Tests have also been conducted to evaluate
the feasibility of macroencapsulating certain debris wastes in polymers.
Several methods and plastics have been tested for macroencapsulation,
including post-consumer recycle and regrind polyethylene.

BACKGROUND

The U.S. Department of Energy's Rocky Flats Plant (RFP) is out of compliance
with the Resource Conservation and Recovery Act (RCRA) because the majority of
RFP mixed wastes (containing both hazardous and radioactive constituents) are

prohibited from land disposal. These wastes have been stored in violation of
RCRA's storage prohibition because of inadequate treatment capacities. RFP
has been able to continue operations under a Federal Facility Compliance

Agreement (FFCA II) with the condition that the Department of Energy (DOE)
develop a strategy to bring Land Disposal Restricted (LDR) mixed wastes into
compliance (1). The Comprehensive Treatment and Management Plan (CTMP),
submitted in June 1992, describes this strategy (2). In addition, as required

by the Federal Facilities Compliance Act of October 1992, a Conceptual Site
Treatment Plan (CSTP) is currently being developed to update the CTMP.

In August 1992, the Debris Rule was published by the U.S. Environmental
Protection Agency (EPA). This rule made significant changes to the LDR
treatment standards and provided certain advantages to treat appropriate

wastes within the Rule's provisions.

INTRODUCTION

Immobilization is listed in both the CTMP and the draft CSTP as a primary or

secondary treatment for most of the mixed wastes at RFP. Polymer
solidification is one of the immobilization technologies under consideration
for treatment of low-level mixed wastes contaminated primarily with a variety

of metal residues. Although not as widely used as cementation, polymer
solidification offers several advantages, including increased waste loadings,

increased waste form durability, and insensitivity to variations in waste
stream chemistry. Polymer solidification is a simple, low temperature process
that is relatively easy to permit and implement. A wide variety of polymers
are available, including both thermoplastic and thermosetting resins. The

thermoplastic material used in these studies is polyethylene, a common
material with good chemical and moisture resistance. Polyethylene is readily

available in post-consumer recycle and regrind forms, which has cost benefits
and which provides a unique opportunity for "treating waste with waste."
Thermosetting resins are also being evaluated for encapsulation of certain RFP
mixed wastes as appropriate.

Polymer solidification development at RFP includes studies of both

microencapsulation and macroencapsulation. These two techniques are treated
separately in the following sections even though they are closely related
technically.
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MICROENCAPSULATION

Scope

Objectives over the past year have focused on three main areas: i)
identification of the optimal processing equipment, 2) laboratory scale tests
using surrogate wastes to investigate options for reducing the leachability of
toxic metals, and 3) treatability studies with actual salt waste to verify
that the waste form con_lies with all applicable regulatory requirements.

Process Description

The process that RFP has been evaluating for microencapsulating mixed wastes
in polyethylene utilizes a commercially available polymer extruder and feed

hoppers. Dry waste and polyethylene are proportionally metered into the
extruder. Heat generated by barrel heaters and friction melts the

polyethylene. A rotating screw mixes the waste with the melted polyethylene
and transports the mix to the discharge end of the extruder, where it exits
through an output die directly into a 55 gallon drum. The melt solidifies
upon cooling, forming a solid monolith suitable for land disposal.

Most of the laboratory and pilot tests completed to date have focused on the
nitrate salt waste stream, which is the largest mixed waste stream at RFP.
The nitrate salt waste stream is a composite of aqueous waste streams from

throughout RFP, including inputs from various laboratories, production areas,
laundry, solar evaporation ponds, and runoff. This solution is concentrated
to approximately 35% solids (by weight) in a quadruple effect evaporator. A
portion of the brine is taken to dryness in a spray dryer. Currently, the
spray dried salts are combined with brine and cement to produce the
"saltcrete" waste form, which currently is not LDR compliant.

The spray dried salts are hollow microspheres with diameters ranging from less
than 0.3 microns to greater than 10 microns. The dried salts have a low

specific activity (approximately 400 picocuries/gram) and a bulk density of
approximately 0.35 grams/cubic centimeter. The salt waste stream is
predominantly composed of the nitrate salts of various metals, with
significant concentrations of chlorides and sulfates also present. The

chemical makeup of the waste varies significantly depending on the inputs to
the process. The variation in major anion concentration over time is
graphically represented in Figure I.

Place Fig. 1 here.

Because a chemical reaction takes place, the saltcrete process is sensitive to
waste stream chemistry. Changes in waste stream chemistry can cause set
retardation, changes in mixing characteristics (which can lead to

inhomogeneous product or free liquids), and can contribute to waste form
expansion and degradation. Encapsulating this waste stream in polyethylene
rather than cement has several advantages, including increased waste loadings,
increased waste form durability, and insensitivity to waste chemistry.

Status

Literature reviews, industry surveys, lab-scale tests, and pilot-scale tests
have been conducted to evaluate several equipment options for encapsulating

nitrate salts with polyethylene. Most of the effort has focused on
identifyipg compatible drying and extrusion technologies°

The existing spray dryer at RFP has reached the end of its design life and is
expected to be replaced by a horizontal thin film evaporator. Since the
physical characteristics of the waste feed are critical to the design of a
successful extrusion system, a study was initiated to evaluate the feasibility

of using the planned horizontal thin film evaporator as a pretreatment to
polyethylene extrusion. For completeness, other drying options were also



considered. The drying equipment options selected for testing include a
vertical thin film evaporator, a horizontal thin film evaporator, and a

horizontal rotary blender/dryer. Pilot-scale evaluation tests using surrogate
nitrate salt waste were conducted at vendor facilities. The test results

indicate that the horizontal thin film evaporator produced a dry salt with the
most desirable physical characteristics (larger particle size and higher bulk
density). The vertical thin film evaporator also produced acceptable product.
The product from the horizontal rotary blender/dryer, however, had a particle
size distribution that is too large for the polyethylene extrusion process.
An additional unit process (such as grinding) would be required.

Literature reviews, industry surveys, and vendor tests were conducted to

identify the optimum extrusion option for RFP (3-8). The extrusion equipment
options evaluated include a single screw extruder, an intermeshing counter-
rotating twin screw extruder, and an intermeshing co-rotating twin screw
extruder. Single screw extruders are used in industry primarily for "profile"

extruding. That is, they are used for extruding shapes such as film, sheet,
rod, etc. Although single screw extruders are appropriate for
macroencapsulating lead and debris wastes, they are only marginal for the
compounding applications (microencapsulation) expected at RFP.

Counter-rotating intermeshing twin screw extruders have good dispersive mixing
characteristics, generally feed polymers and fillers well, have a self-
cleaning action, and have a good pressure generating (positive displacement)
capability. They are capable of producing a very stable melt flow and can
successfully extrude a variety of materials with minimum down-time for setup.
Screw speeds are lower than with other extruder types, resulting in somewhat

lower throughput rates, but this may be offset by the fact that better
pressure generating capability can enhance feeding and processing efficiency.

Co-rotating intermeshing twin screw extruders have most of the same advantages
as counter-rotating extruders. Additionally, they are capable of accepting a

higher filler content, can generate a higher screw speed (increases capacity),
and are more extensively used in the polymer processing industry than counter-
rotating intermeshing twin screw extruders.

Based on the above comparison as well as results from tests at vendor
facilities, the co-rotating twin screw unit will most closely match RFP

compounding needs. Nearly as good and also quite acceptable is the counter-
rotating twin screw extruder. The single screw extruder is significantly
inferior to either the co- or counter-rotating twin screw and its ability to
adequately and efficiently compound RFP wastes is doubtful.

Processing schemes other than drying and heated extrusion were also evaluated
for polymer encapsulation of the nitrate salt waste stream. These included
"meltration" and compounders. The "meltration" process involves the
simultaneous dewatering and encapsulation of waste brine and thermoplastic

material in a vertical thin film evaporator. If successful, the need for
microencapsulation of waste using an extruder would be eliminated. A

preliminary screening evaluation and subsequent pilot-scale testing was
conducted at the LCI Corporation test facility. Results indicate that
meltration is feasible if a low molecular weight and low viscosity

polyethylene is used as the encapsulating matrix. However, the maximum
feasible waste loading using this process appears to be 40% du_ to discharge
problems caused by the higher viscosity melt at higher waste loadings.

Batch mixer/compounders that impart a very high degree of shear mixing force

to the material by high speed mechanical agitation were also considered. Heat
is generated exclusively by frictional forces within the unit. These types of
systems are not uncommon in the plastics industry to compound low bulk density
powders and low cost fillers in thermoplastic polymers. Limited tests

° conducted at vendor facilities indicated that the waste is less finely

dispersed in the matrix than with appropriately designed extruders.



Studies were also conducted using surrogate waste to investigate options for
reducing the leachability of toxic metals from salt encapsulated in
polyethylene. Three options were investigated: i) addition of surfactants to

improve the encapsulation of the salt by polyethylene, 2) addition of
substances to reduce heavy metal leachability, and 3) evaluation of the

effects of various size reduction techniques on the leachability of toxic
metals. Surfactants were added to improve the wetting of the salt by
polyethylene, thereby increasing the fraction of salt encapsulated and
reducing leachability. This phenomenon is commonly referred to as "wetting
out" because the liquid polyethylene must completely coat or "wet" the surface
of the salt for the salt to be completely encapsulated. The leachability of
cadmium and chromium was significantly reduced by the addition of as little as
0.5% sodium stearate to the waste form. Leachability results were also

improved by the addition of as little as 0.5% stearic acid, but the observed
improvement was significantly less than that observed with sodium stearate.

Two other types of additives were tested for their ability to improve
leachability results: l) adsorbents, to remove the heavy metal ions from
solution by adsorbing them onto a solid surface, and, 2) bases, to precipitate

the heavy metals as insoluble hydroxides. The adsorbents tested were
activated carbon, alumina, diatomite, and class C fly ash. These materials

reduced chromium leachability by 93 to 98%. Cadmium leachability, however,
was virtually unaffected. This is because the charge density of chromium in
solution is higher than that of cadmium, resulting in a greater attraction to

polar surfaces. The two bases tested were calcium oxide and magnesium oxide.
Both calcium oxide and magnesium oxide significantly reduced the leachability
of cadmium and chromium. However, equilibrium calculations and empirical

results indicate that magnesium oxide is less effective than calcium oxide in
reducing cadmium leachability.

The Toxicity Characteristic Leaching Procedure (TCLP) requires size reduction
of the sample to less than 9.5 millimeters prior to exposure to the leaching
solution. The TCLP procedure, however, does not specify the size reduction
method to be used. As a result, several size reduction methods, such as

cutting, grinding, and crushing, are used by different laboratories. Several
size reduction methods were tested to evaluate the impact of the method on
TCLP results. The tests indicated that crushing liberates more salt and
hazardous constituents than any other method tested. Approximately i00,000

pounds of force had to be applied to achieve the desired particle size.
Cutting rather than crushing the samples to the desired size significantly
reduced the amount of leaching. The surface area to volume ratio of the
samples had the greatest impact on leaching. Long, thin strands pulled from
the die of the extruder leached significantly less than samples with higher
surface area to volume ratios. Casting samples rather than cutting to size

also reduced leaching.

In mid-1993, a treatability study was conducted to demonstrate the ability of
the polymer solidification process to meet current waste acceptance criteria
using actual salt waste from RFP's main aqueous waste treatment facility. A
portable laboratory-scale single-screw extruder and laboratory-scale
volumetric feeders were used to prepare samples of spray dried salt waste
encapsulated in polyethylene.

Samples of unencapsulated salt waste and salt waste encapsulated in
polyethylene at 50% waste loadings by weight were collected for TCLP analyses.
Four of the encapsulated samples were in monolithic form and one sample was
collected as a strand from the die of the extruder.

The effect of excess water in the salts on product quality was tested by

adding approximately 2% water to the waste form. The added moisture caused
the salt to clump together, resulting in highly variable feed characteristics
and a heterogeneous product. The impact of addition of calcium oxide (CaO)
and stearic acid on the leachability of hazardous constituents from the waste
form was also evaluated. The addition of 20% CaO to the waste form reduced



the melt discharge rate and caused a small amount of backup into the extruder
throat. The addition of 2% stearic acid reduced the melt discharge rate
significantly. The lubricating qualities of the stearic acid in conjunction

with the spherical shape of the waste particles probably reduced the friction
in the extruder barrel, resulting in a very slow, and eventually zero,

discharge rate. Samples were also collected from these tests for TCLP
analyses.

Table 1 documents the TCLP results averaged for each pop'llation tested during
the treatability study. The unencapsulated salt samples failed the F006
treatment standards for cadmium and nickel. All of the encapsulated salt

samples passed the treatment standards with the exception of one of the
samples with excess water. This sample slightly exceeded the treatment
standard for nickel, probably due to heterogeneity and poor encapsulation
caused by the excess water. It should be noted that the extruder was not
optimally configured to process waste containing excess water. Minor changes
in extruder configuration could expand the operating envelope for water in the
waste.

Although calcium oxide and stearic acid improved leachability results in tests
with surrogate wastes, they were not beneficial in these tests because of the
physical form of the salt waste and the low concentrations of heavy metals.
They are expected to be beneficial, however, in other mixed waste streams
containing higher concentrations of heavy metals.

Place Table 1 here.

MACROENCAPSULATION

Scope

The main objective of the macroencapsulation studies at RFP is to demonstrate

the technique under Debris Rule provisions. Two demonstrations are planned,
one using polyethylene as the encapsulant and another using a thermosetting
resin to be determined. This task is being implemented as an accelerated

waste treatment demonstration based on the experience gained during the
microencapsulation effort. It is designed to take place within eighteen
months and to remain under Treatability Study Exemption rules. One of the

purposes of the demonstration is to facilitate interpretation of an acceptable
final waste form from the regulators and candidate waste disposal sites.

Process Description

The process to evaluate polyethylene macroencapsulation uses the same single
screw extruder and feed equipment described above for the microencapsulation

process. This relatively simple equipment is ideal for macroencapsulation,
because the process only requires a source of molten polyethylene.

Four waste streams, representing a cross-section of 13 at RFP that have been
categorized as debris, were selected as candidates for these studies. These
are all low-level mixed waste streams identified as combustibles (paper,

cloth, plastic, etc.), glass (mostly laboratory glassware), metals (i.e. pipe,
valves, hand tools), and lead (sheet, bricks, tape). These wastes have been

generated at a variety of locations at RFP during normal production and
maintenance operations.

Status

All experiments performed to date with polyethylene macroencapsulation have
used surrogate waste materials. Two encapsulation methods have evolved from
these efforts: physical contact and the use of pre-manufactured inserts. The

physical contact method involves confining the surrogate waste in a basket
centered in the container to allow at least a one inch space between the inner

surfaces of the container and the waste (Figure 2). Molten polyethylene can



then be extruded around and over the waste. In bench scale tests using
polyethylene w_th a melt index from 50 to 200 (in grams/10 minutes per ASTM
D1238-90b), the waste was completely encapsulated (Figure 3) without having to

resort to process complications such as heated containers oz" multiphase pours.
The different shades of the polyethylene in Figure 3 result from different

types of recycled material. The materials with lower expansion coefficients
(less shrinkage on cooling), specifically the lower molecular weight
materials, provided better results with less cratering and less tendency to
crack. The central basket must also be flexible enough to yield when the

polyethylene shrinks during cooling and solidification in order to eliminate
cracking.

Place Figures 2 and 3 here.

During scale up tests from bench scale to a five gallon container, it was
observed that the heat capacity of the polyethylene alone was not enough to
maintain sufficient flow to completely encapsulate the waste. Various methods

of heating the container to keep the polyethylene in a molten state were tried
with different degrees of success. Heating the entire container in an oven to

a temperature of approximately 250 degrees Fahrenheit was tried first. The
results were encouraging (Figure 4), but the pours had to be made in several
stages with heat soaks in between. This method would be prohibitively complex
in a production environment. Next, a heat band was attached to the exterior
of the container approximately one third of the way up from the bottom.
Several runs were successful in encapsulating the surrogate waste with this

method. However, success depended heavily on temperature profile, flow rates,
and viscosity. Because the method is not very tolerant, overly complex

controls would probably be required in production. A "crock pot" type heater
was also tried with similar results to the heat band, although the "crock pot"
provided more uniform temperature profiles and was somewhat easier to use.

Place Figure 4 here.

Because of the difficulties encountered in the physical contact method of
encapsulation, another method was devised that uses a pre-manufactured
polyethylene insert. The insert consists of an open top, thick wall liner
which is placed into the waste container (Figure 5). The insert can then be
filled with waste and capped with molten polyethylene. This method is
obviously much simpler in execution and very amenable to production. The only

complication required is the necessity to heat the top lip of the insert to
ensure a good bond with the poured cap. Testing has been successful in bench
scale (Figure 6) where a heated platen was used to heat the lip.

Place Figures 5 and 6 here.

The next step is scale-up, and RFP has recently received several prototype
inserts supplied by a local vendor in five gallon size (Figure 7). These
inserts were rotation molded using both virgin and regrind polyethylene.

Place Figure 7 here.

Thermosetting polymers are also being investigated for macroencapsulating
debris. Thermosetting polymers have certain advantages over thermoplastic
polymers, including lower viscosities and reduced equipment costs.
Disadvantages include increased materials costs and increased risk of spills.
Bench-scale tests are in progress to identify the optimum thermosetting

polymer for this application. Upon completion of a full-scale demonstration,
the relative advantages of the thermoplastic and thermosetting polymers will
be evaluated and a polymer will be selected for macroencapsulation of actual
wastes.

CONCLUSIONS

Microencapsulation



Polyethylene encapsulation is a viable treatment option for RFP's nitrate salt
waste stream. Treatability studies conducted using sub-optimal equipment (a

single screw extruder and volumetric feed hoppers) produced samples loaded
with 50% salt which met all applicable regulatory criteria. Improved
equipment (a twin screw extruder and loss-in-weight feed hoppers) should

consistently and more efficiently produce compliant waste forms and may allow
for wider process boundaries, including waste loading and water content.

There are many advantages to microencapsulating waste in polyethylene,
including increased waste loadings, increased waste form durability, and

insensitivity to waste stream chemistry. It is a very simple process with
readily available equipment, materials, and technical expertise. It is a non-
thermal process with high public acceptance, in part due to the potential for
using post-consumer recycle plastics as the encapsulating matrix.

Macroencapsulation

Macroencapsulation using polyethylene has also been accepted readily by the

public due to its simplicity and amenability to using recycle material.
Evaluation of the two encapsulation methods, physical contact and the use of

pre-manufactured inserts, have indicated differing results. Physical contact
has the advantage that it can produce a high quality, solid monolith, but it
also has several disadvantages. These include the requirement for supports to

centrally locate the basket containing the waste (potential leak paths), the
requirement to heat the entire volume to maintain the flow of polymer
(complicates and slows the process), and the necessity for further development
work to provide assurance that minimum wall and bottom thickness of
encapsulant is achieved. The use of inserts has the disadvantage that
external heating is required, but only at the top surface of the insert to
maintain a good bond with the poured cap. However, a number of advantages are
realized because of the much simpler process. Advantages include an insert of

known thickness (complete encapsulation can be assured by visually monitoring

the poured cap), the basket of waste need not be braced or may be eliminated,
and only the cap needs to be poured at the processing site.
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, Figure 1: Major Anion Variability Over Time
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