












































































































































































































































APPENDIX C
SELECTED IMPREGNANTS AND LABORATORY IMPREGNATION PROCEDURE

The five impregnants selected for evaluation are described, and the
laboratory impregnation process is discussed.

C.1 Selected Impregnants

(1) 90 wtZ methyl methacrylate (MMA) - 10 wtX trimethylolpropane
trimethacrylate (TMPTMA). This low viscosity monomer system, ~1 mPa‘s (1
cP) at 24°C (75°F), was used extensively in the early research on polymer
impregnanted concrete. MMA is a low viscosity monomer, ~0.85 mPa‘Ss
(0.85 cP) at 24°C (75°F), which produces a high strength polymer with
excellent durability. TMPTMA {8 a comonomer that is added to the system to
improve the strength and durability by serving as a cross-linking agent.

The polymerization is thermal-catalytic, with 1 wtX inftiator (2-t-butylazo-
—2—-cyanopropane) added to the monomer system prior to impregnation. After
impregnation, the aggregate is heated to a minimum temperature of 80°C
(176°F). The heat breaks down the initiator into free radicals, which
generate the polymerization reaction. :

(2) 83 wtZ MMA - 5 wtX TMPTMA - 12 wtZ poly(methyl methacrylate)
(PMMA). This relatively low viscosity monomer system, ~15 mPa‘s (15 cP)
at 24°C (75°F), produces a polymer having good strength and durability. A
medium molecular weight PMMA is used to increase the viscosity of the
monomer and thus reduce monomer damage and evaporation loss in the aggregate
prior to polymerization; however, it also lowers the thermal stability of
the resultant polymer. One percent silane coupling agent (y-methacryloxy-
propyitrimethoxysilane) is added to the monomer system to improve the bond
between the polymer and the aggregate by developing a chemical bond between
the polymer and any silica present in the aggregate. The monomer system is
polymerized thermal-catalytically by adding 1 wtX, initiator (2-t-butylazo-
-2-cyanopropane) and heating to a minimum temperature of 80°C (176°F).

(3) 57 wtZ styrene - 38 wtX TMPTMA - 5 wtX polystyrene. This is a
relatively low viscosity monomer system, ~15 mPa‘*s (15 cP) at 24°C (75°F),
which produces a strong polymer with good durability and better thermal
properties than the MMA-based systems. The styrene monomer serves as the
base for the gystem. The TMPTMA is added to serve as a cross—linking agent,
to improve strength and durability. The polystyrene is added to increase
the viscosity of the system and thus reduce monomer damage and evaporation
loss prior to impregnation. One percent silane coupling agent
(y-methacryloxypropyltrimethoxysilane) is added to improve the bond between
the polymer and the aggregate. Polymerization is done thermal-catalytically
with 1 wtZ initiator (2-t-butylazo-2-cyanopropane) and heating to a minimum
temperature of 80°C (176°F).
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(4) Phenol Formaldehyde Resin (Monsanto RESINOX RS-7288). This is a
water dilutable, general purpose phenolic resin. The viscosity is quite
high, ~190 mPa‘s (190 cP) at 24°C (75°F) but can be reduced as low as 47
mPa‘*s (47 cP) with the addition of water. The resin produces a polymer
with good strength and durability and excellent thermal stability. It is
fully cured by heating to 138° to 177°C (280° to 350°F), essentially driving
off the water.

(5) Sodium Silicate Solution. This is a water based-solution
consisting of 37% sodium silicate (1 Nay0°2.8 SiOp). Its initial
viscosity of ~257 mPa"8 (257 cP) at 24°C (75°F) can be reduced by adding
water. The solution 18 cured by driving off the water with heat, producing
an extremely strong and durable adhesive.

C.2 Laboratory Impregnation Process

The process used in the laboratory to impregnate the aggregates was as
follows. The aggregate was placed on a screen and washed with running water
to remove any dirt, clay, or other deleterious materials adhering to the
surface, and then dried in an oven at 150°C (302°F) to constant weight and
then allowed to cool to room temperature, 24°C (75°F). The aggregate was
put in a wire basket (Figure 20) and placed inside the impregnation vessel
(Figure 21). The vessel was sealed and evacuated to 760 mm Hg for a
minimum of 60 min. Then the impregnant was introduced into the sealed
vessel, and an overpressure of 103 kPa (15 psig) was applied for 4 hr with
nitrogen. After this, the excess impregnant was drained from the vessel,
and the impregnant within the aggregate was cured. The curing method
varied, depending upon the impregnant being used.

The MMA-based systems and the styrene-based systems were cured by
injecting steam, at approximately 112°C (234°F), into the impregnation
vessel for a minimum of 2 hr after complete draining of the excess
impregnant. The phenol formaldehyde and the sodium silicate impregnated
aggregates were cured by placing them on screens or in flat pans in an oven
for 12 hr to drive off the water, the former at 150°C (302°F) and latter at
115°C (234°F). ‘
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Figure 20

Placement of Aggregate in Impregnation Vessel.

Figure 21

Sealed Impregnation Vessel.
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