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SUMMARY

Trltlated aqueous waste can be used to hydrate hydraulic cement producing

a concrete that contains a network of interconnected porosity. Such a product

is subject to water intrusion and subsequent tritium loss by leaching and

exchange. Techniques have been developed to impregnate this porosity with

styrene monomer which is then polymerized in_ situ, resulting in a concrete

that is essentially impermeable while its strength, durability, and resistance

to chemical attack are significantly improved. Tritium bulk leach rates as
-4 2low as 1.68x10 g/(cm -day) have been measured for polymer impregnated concrete

in water. An adsorbent additive can be incorporated to increase the specific

tritiated waste loading of the concrete. Depending upon the formulations,

these composites incorporate 5.8-8.3 liters HTO per cubic foot.

Tritiated aqueous waste can also be fixed in polymeric form as poly-

acetylene through reaction with calcium carbide to form tritiated acetylene

which is subsequently polymerized. Acetylene polymerization is accomplished

by either Co gamna irradiation or thermal catalysis over cupric oxide. The

tritiated polyacetylene produced can contain up to 50 atomic percent tritium

and is essentially non-leachable, insoluble, thermally stable to 325°C, and

chemically inert. The bulk leach rate of tritiated polyacetylene was determined

to be of the order of 1.8x10*" g/(cm -day). Radiolysis by Co gamma irradiation

results in a 6 value for hydrogen production of 0.15 molecules/lOOeV. Tritiated

polyacetylene can be incorporated as an aggregate in concrete, polymer concrete,

or polymer impregnated concrete to form a monolithic solid.
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POLYMER IMPREGNATED TRITIATED CONCRETE (PITC)

Aqueous tritium waste reacts with hydraulic cement to form hydrated

silicate and aluminate compounds. Theoretically, Portland ceaent can

bind 28Z water by weight and high alumina cement (Luanite) 57 wt. X.

The actual water ehat hydrates the ceaent is probably somewhat lower due

to cement impurities. The hydration reaction is rapid at early ages but

continues more slowly for an indefinite period, thus, not all of the

tritiated water is bound as hydrate but some is present as residual or

unreacted water.

Since cement concrete is an open cell type structure as a result

of the interconnected porosity formed during the cure stage, It is

permeable to water and corrosive fluids and thereby susceptible to

tritium loss by leaching and exchange. A method for minimizing or pre-

venting tritium or HTO loss from cement paste blocks by the use of
2

surface coatings has been described by Emelity et al. More recently,

techniques have been developed to impregnate the porosity, voids and

capillaries throughout the entire monolith by styrene monomer which is
1 3-5subsequently polymerized in, sift.' This results in a concrete that

is essentially Impermeable while its strength, durability and resistance

to chemical attack are sign\ficantly improved.

Process Description

Figure 1 schematically illustrates the process for producing polymer

impregnated tritiated concrete. Hydraulic cement, tritiated aqueous waste

and an adsorber, if desired, are added in the proper proportions prior to
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FIGURK 1

CONCEPTUAL FIXATION OF TRITIATEO AQUEOUS WASTE
IN POLYMER IMPREGNATED TRITIATED CONCRETE (PITC)

i

to

I

CEMENT

TRITIATEO
AQUEOUS
WASTE

ADSORBER
(OPTIONAL)

DRUM
TUMBLING
OPERATION

MIXER

\
CAST

MONOMER
STORAGE

MIXERU-JCATALTSTI

MONOMER SOAK
IMPREGNATION

MONOMER
CURE

PITC TO STORAGE



mixing. The water to cement (w/c) ratio (and water to adsorber ratio)

must be carefully determined, as excess tritiated water in an unbound

state may bt more easily leached or evaporated. A dry cement mix with

a w/c ratio of t 0.20 minimizes the amount of unbound water and also

enhances the ease of monomer impregnation. The use of an adsorber, such as

silica gel, allows a larger tritiated water content in the composite

than is possible with the use of cement alone. Other materials, such as

perlite, venaiculite and dliatatnaceous earth are also attractive based on

their low cost and increased tritium loadings in such composites.

Alternatives for the cement mixing and casting operation have be?n

considered. While there are several techniques for achieving a good mix,

the method chosen must minimize the possibility of contamination of the

process equipment and the operations area. Required cleaning of the

process equipment could generate larger volumes of tritiated waste,

although of a lower level, than the process disposes. Such considerations

obviously rule out conventional concrete processing equipment. In-drutn

nixing by an end-over-«nd drum tumbler provide* the most viable

alternative. In this operation dry cement and adsorber are added to the

nixing drum (which also becomes the casting and storage container) in a

"cold" area of the disposal facility and stored until needed. Monitoring

of this drum filling step would be done on a weight rather than volumetric

basis to ensure proper fomulation. A mixing weight, if necessary to

assure adequate mixing, may also be added to the drum at this time. The

mixing and casting operations simply consist of adding the required

amount of tritiated aqueous waste to the drum, closing the bung-hole,

transference to the drum tvubler as shown in Figure 2 and tumbling the

mix. Experiments indicate that: a casting which occupies in excess of

2/3 of the volume of a 30 gallon drum can be thoroughly mixed by tumbling

at 20 rpm for 10 minutes without a mixing weight.

Standard 30 gallon DOT 17C mild steel drums were selected as casting

container* based on consideration of exotherm temperature resulting from the

heat of hydration of a water-cement mix. The dimensions of such a drum

are approximately 18-1/4 In. I.D. by 27-3/8 in. high. A composite

occupying 80S of Che nominal volume of thi* container "ill have a volume
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of 3.2 cubic feet. Such a 30 gallon drum may also be inserted into a standard

55 gallon drum in the event of contamination, leakage or the desire to

provide an additional containment barrier.

After curing, which requires approximately 24 hours with portland

type III or with high alumina cement, the composite is impregnated with

styrene monomer by a soak technique. Styrene monomer was chosen because

of its low viscosity, excellent radiation stability and ease of polymeri-

zation. The monomer containing approximately 0.5 wt. % benzoyl peroxide,

used as a low temperature polymerization initiator, is introduced in the

prescribed amount through an opening in the drum cover. There is

sufficient free volume in the drum to accommodate the total monomer

required for impregnation. Monomer loadings of approximately 15% by

weight are typical. By such a soak technique, an 18 inch diameter

concrete casting with a low w/c ratio is completely impregnated in 3-4

hours. A clamshell drum heater shown in Figure 3 is then placed around

the casting and maintained at 50"C. Complete polymerization results

within 24 hours. Higher temperatures, to 80°C, appreciably decrease the

polymerization time. Preliminary formulations for PITC production using

the above described process are given in Table 1. These composites

incorporate 5.8-8.3 liters HTO per cubic foot.

Property Evaluation

The properties which have been considered of primary importance to

the safety of PITC are leachability, radiation stability, thermal

stability, mechanical strength and resistance to chemical attack.

Leachability of PITC was measured by a modification of the IAEA

standardized leach test. Composites of the preliminary formulations

shown in Table 1 have been prepared for leach testing. In this procedure,

the test specimen is submerged in distilled water in a covered poly-

methyipentene container such that all surfaces of the composite are

exposed to water. The le?chant is changed daily and analyzed for tritium

content using a Packard Model 3000 Tri-Carb liquid scintillation counter.

The tritium content of the leachant is used to determine the fraction
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Table 1. Preliminary Formulations for Polymer Impregnated Tritiated Concrete Composites

1.

2.

; 3*

1 *•
5.

Specimen
b

Lumnite tritiated
concrete

Lumnite PITC

Portland type III
PITC

Lumnite-silica gel
PITC

Portland type III
siHca gel PITC

Cement

84.7

84.7

84.7

40.4

40.4

Composition, wt.

Silica Geia

—

—

—

36.8

36.8

Water

15.3

15.3

15.3

22.8

22.8

Polymer
loading
wt. %

—

12.4

16.5

16.0

15.8

Water/cement Water/adsorber
ratio ratio

0.18

0.18

0.18

0.18

0.18

0.40

0.40

Grade 42, 6-16 mesh Davison Chemical Company, Baltimore, Maryland 21226

Lumnite, trademark for the high alumina cement produced by the Universal Atlas Cement Co.,
Pittsburgh, PA. 15230



release and hence the bulk leach rate, L , of the composite where,
B

and

F. = fraction release of the i species

d • composite density, g/cm

v » composite volume, cm

s =• surface area, cm

%.
t = leach time, days

Table 2 presents the leach data for these preliminary formulations. As

indicated in Table 2, impregnation results in bulk leach rates several

orders of magnitude lower than those for tritiated concrete.

The use of silica gel as an adsorbent to increase the specific water

content of the formulations did not affect bulk leach rates. Incorpora-

tion of absorbent additives such as perlite, diatomaceous earth, and

vermiculite resulted in P1TC composites with leach rates approaching

those of unimpregnated concretes.

The bulk leach rates of these cement and cement-adsorber FITC formj-
2

lations were lower than those reported by Emelity for concretes with one

inch thick asphalt coatings. Such coatings are also susceptible to

coating failures by cracking, spallation, and delamination.

The extensive use of concrete for reaccor shielding applications has

shown its excellent radiation stability. Polystyrene, used for impregnating

tritiated concrete has been irradiated at BNL, by Co gamma-rays for a

total integrated dose of 10 rads at a radiation intensity of 1.2x10

rads/hr. The radiolysis products consisting almost entirely of hydrogen

gas resulted in G(H,) - 0.02 molecules/lOOeV.

When cement is heated, the primary factor influencing changes in the

structural properties is the loss of water. Above a temperature of
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Table 2. Tritium Leach Test Data for Preliminary Formulations

I
VD

Specimen

1. Lumnite tritiated
concrete

2. Portland type III
tritiated concrete

3. Lumnite PITC

4. Portland type III
PITC

Tritium
content

100

100

100

100

Mass,

650.0

456.7

693.0

673.4

Surface
area

248.8

336.5

298.6

282.2

Leach
time
days

10

10

10

10

Fraction
release
per day

3.59xlO"2

6.56xlO~2

7.25xlO"5

1 OlxlO"4

Bulk leach rate
R/ (cni^-day)

9.33xl0"2

l.llxlO"1

1.68xlO"4

2.41xlO"4



as 120°C loss of chemically combined water begins (dehydration of

hydrated cement phases). The water loss from this process is

low and changes in mechanical properties are not easily detectable below
g

538°C. DTA-TGA analysis has indicated that at temperatures above 538°C

for long periods of time considerable strength losses and failure by

cracking or spallation may occur. It has also been determined

calorimetrically that polystyrene is thermally stable to a temperature

of * 250°C.

Normally cement paste as conventionally made (w/c =0.5) exhibits

a compressive strength of 8,000-12,000 psi. In this process, however,

the compression strength is compromised as a result of a low v/c ratio.

Impregnation of this cement paste having an initial strength of several

hundred psi results in compressive strength values of 16,000 to 20,000

psi. The high durability of PITC has been demonstrated by subjecting

specimens to 3,650 freeze-thaw cycles with a weight loss of < 0.5%,

whereas normal concrete loses 25X of its weight after 500 cycles.

PITC specimens have also shown resistance to chemical attack by 15%

hydrochloric acid. The unimpregnated concrete specimen lost 25 wt. % in

105 days whereas the PITC lost < 1 wt. % in 497 days. The polymer serves

to protect the alkaline phase from attack by acid.

POLYACETYLENE

Low tritium exchange rates are expected to occur for organic compounds

where hydrogen is attached to carbon by a strong nonlabile covalent bond.

Polymeric compounds that are hydrophobic and non-volatile are of particular

interest.

Process Description

The most direct approach to the preparation of such polymers using

tritiated water as a starting material is by the reaction with calcium

carbide to form tritiated acetylene Eq. (1) which is then polymerized to

produce tritiated polyacetylene Eq. (2).
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2 + 2H2O •*• C2H2 + Ca(OH>2 (1)

nC2H2 * ( C 2Vn ( 2 )

The tritiated calcium hydroxide formed during the acetylene generation

step can be calcined to form calcium oxide while the tritiated water

liberated is recycled. Tritiated acetylene is scrubbed prior to poly-

merization to remove entrained water which is returned to the acetylene

generator. Polymerization by Co gamma irradiation and thermal catalysis
] 3 9

over cupric oxide have been studied. "' ' Unreacted acetylene is recycled

through the polymerization reactor. The polyacetylene produced is washed

to remove organic by-products which are combusted, while the tritiated

water produced is returned to the acetylene generator. Cement or a

polymer could be used as a solidification agent both to form a monolithic

mass and decrease the surface area susceptible to leaching. A schematic

flow diagram for tritium fixation in tritiated polyacetylene is shown in

Figure 4. By this technique, 50 atomic percent or the hydrogen from 0.68

grams of tritiated water can be incorporated into 1.0 gram of poly- >

acetylene.

The radiation polymerization of acetylene has been studied by many

workers, although it is not well understood. The apparatus shown in

Figure 5 was used for the static polymerization of acetylene gas by Co

gamma irradiation. The polymerization was also performed with liquid

water present in the reactor vessel. A G(-CJBL) value of 140 molecules/
6

lOOeV was obtained with a dose rate of 1.8x10 rad/hr for a total inte-

grated dose of 18x10 rad in the presence of water, while without water

the G(-C_IO value was 111. A decrease in the 6 value for acetylene

polymerization was observed above this dose. The decrease is presumed to

be due to the decrease in acetylene gas density and benzene formation

which poisons the acetylene polymerization reaction. Figure 6 shows an

SEM micrograph of the spherical polyacetylene formed by heterogeneous

polymerization and precipitation from the gas phase. The polyacetylene

sphere diameter varies from 1.0-2.On with an average of approximately

1.5v.
- 11 -



FIGURE 4

TRITIUM FIXATION BY THE POLYMERIZATION OF TRITIATEO
ACETYLENE AND ITS INCORPORATION INTO CEMENT-CONCRETE
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Acetylene gas is polymerized while flowing over heated cupric oxide

wire catalyst. Flow rates of 10-80cm /min through a catalyst bed volume

of 11cm were utilized for polyacetylene production in a reaction

vessel heated by a.clamshell furnace. Acetylene polymerization

was observed at 215°C with the rate increasing with temperature to 280°C.

The major by-products of this reaction are unreacted acetylene, water,

carbon dioxide and ethylene. The presence and relative amounts of by-

products are dictated by the reaction temperature. At low reaction

temperatures (23O°C or below), the by-product is essentially unreacted

acetylene. Increasing the reaction temperature to 240°C greatly increases

the polyacetylene yield with water being the principal by-product. At

280°C, the by-products are largely ethylene, carbon dioxide and water,

with a large number of other constituents also formed. Oxygen products

in the off-gas result from reduction of the cupric oxide catalyst. A

SEM microphotograph of the polyacetylene produced is shown in Figure 7.

An empirical formula, of (CgH.) was derived from carbon-hydrogen analysis.

An entrained copper content is evident.

Property Evaluation

The polyacetylene formed by both polymerization techniques can be

described as inert, non-volatile, completely insoluble, and of unknown

molecular weight. The polymer does not melt, but begins to decompose at

approximately 325°C. The polymer will burn when exposed to a flame.

Leachability of trltiated polyacecylene produced by Co gamma

irradiation was measured by a modification of the IAEA standardized

leach test. In this procedure, 2.95 grams of polyacetylene with a

specific activity of 0.332uCi/g was Immersed in one liter of distilled

water. Periodically this leachant was replaced, distilled to remove any

contained polyacetylene and analyzed by liquid scintillation counting to

determine its tritium content. A rapid release of 3.87. of the contained

tritium w«s noted within several hours, however, little further activity

release was noted over a period of 28 days. The initial release is

probably due to surface contamination of reaction by-products. The

subsequent tritium release corresponds to a bulk leach rate of

- 15 -
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approximately 1.8x10 g/(cm -day).

The hydrogen gas evolution from the radiolysis of polyacetylene

subjected to Co gamma irradiation was measured as an index for deter-

mining tritium activity losses for long term storage. Polyacetylene was
8 6

irradiated to a total dose of 1.22x10 rad at an intensity of 6.3x10

rad/hr. The yield of evolved hydrogen gave G(H,) * 0.15 molecules/lOOeV.

This corresponded to a loss of 0.022% of the initial hydrogen present.
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