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Summary 

The evaluation of two mixing methods, as alternatives to impe!ler mixing in the poly- 
ester immobilization of hazardous residuals, is described. These are (1) emulsification of 
the toxic waste solution into the polyester resin by air spsrging and (2) mixing of neat 
polyester resin with volume reduced wastes in a rotary drum type mixer. 

The evaluation in the first method is in terms of time for emulsification, viscosity 
and droplet size distribution, and time for emulsion curing, as compared to low- and 
high-speed impeller mixing. In the second method, the discussion is limited to the time 
and nature of solidification. 

Introduction 

A basic approach in waste management is to develop processes for the 
conversion of hazardous residuals in the form of liquids or semi-solid sludges 
into solids for safe handling, transportation and storage, with minimal po- 
tential for contamination of the environment. Immobilization [l] of the 
waste at a plant site is primarily concerned with the incorporation of the 
waste into a solidification agent, the essential operations involved being 
waste collection, pretreatment and mixing-in of the solidification agent, 
followed by packaging and handling for ultimate disposal. Pretreatment is 
directed towards waste volume reduction by evaporation or dewatering and 
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addition of chemicals for pH adjustment and foam prevention. The blending 
of the waste with the binder, followed by solidification, however, are the 
most important stages of the immobilization process. Some common binders 
used are bitumen, hydraulic cement, absorbers and organic polymers. 

Background 

The feasibility of immobilizing hazardous wastes in a polyester matrix has 
been demonstrated both in the laboratory and on the pilot plant [Z-14]. By 
finely dispersing the waste solution, slurry or solids into a water-extensible 
polyester resin, each waste particle or droplet is individually encapsulated in- 
side a thin skin of the resin matrix. Addition of an initiator polymerizes 
this resin matrix to produce a rigid monolithic solid suitable for land burial. 

For successful commercialization of the polyester process, there is a need 
for studies directed towards adapting the equipment used in the existing 
commercial waste disposal processes to the newly developed polyester pro- 
cess. Furthermore, if 100% retention of a waste for its hazardous lifetime is 
the goal of shallow land disposal, better waste processing techniques must be 
adopted. 

The work described here evaluates two mixing methods as alternatives to 
the impeller mixing used in the pilot plant. The time and nature of solidifica- 
tion are evaluated, and where applicable, viscosity and droplet size distribu- 
tion are also evaluated. These, in turn, are used to interpret the leach charac- 
teristics of the monolith. 

General description of pilot plant runs 

The pilot plant (Fig.1) and the Process Flow sheet (Fig.2) are described in 
detail elsewhere [5, 6, 8,10,11]. A brief outline of the general operation 
scheme of the pilot plant is given here (Fig.3). To start off, a batch emulsion 
in the desired ratio of resin to waste is prepared in the emulsification tank 
(item 8, Fig.2). Continuous streams of resin and waste in the correct propor- 

Fig.2. Pilot plant flow sheet - Polyester process for immobilization of hazardous wastes I 

1. Waste preparation tank 12. a, b Ball valves with pneumatic actuator 
2. Steam coil 13. Resin tank 
3. Variable speed paddle mixer 14. Resin metering pump 
4. Variable speed TEEL screw pump 15. a, b Diaphragm valves 
5. Rotameter 16. 4-Way solenoid valve 
6. 3-Way ball valve with pneumatic actuator 17. Timer 
7. a, b Flow control valves 18. Solidification can 
8. Emulsification tank 19. Variable speed Helicone mixer 
9. Variable speed Turban mixer 20. Diaphragm pump 

10. Air motor 21. Initiator tank 
11. Variable speed MOYNO screw pump 



Fig.1. Pilot Plant for the Polyester Immobilization of Hazardous Wastes. 
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tions are then fed into this emulsion base in the emulsification tank. The 
initial batch emulsion preparation step here is more for convenience and in a 
full-scale operation, a batch emulsion prepared’outside the “hot” zone, with 
fresh water, could well be used as a starter. 

Emulsion samples are frequently drawn for rheological characterization 
and for droplet size distribution determination. Additionally, once canning 
is started, as shown in Fig.3, samples for subsequent leaching tests of the 
solidified product are also withdrawn and allowed to solidify in 40 ml plastic 
vials [8]. 

,y?ES1N CHARGED MANUALLY 

0 WASTE STREAM COMMENCED ___ 
RECYCLE STARTED 7 
MlXlNG STARTED (38, TM; IS50 RPM ) * * 

STABLE EMULSION FORMED 
I 

IO 

RESIN STREAM COMMENCED *SAMPLE *I 

(200 ML) 

CANNING STARTED CAN 1 
2-j 

2 
I 

2 

w 40 

I 

- , 

-FEED STREAMS STOPPED ; 

F 

50 

L MIXING AND CANNING 

60 -STOPPED 
END OF RUN @60 MIN 

(j -.,_____-71 

Fig. 3. Operations schedule for run 34. 

Emulsification by air sparging 

One of the objectives in the process development studies has been to ex- 
amine alternatives with a view towards optimization on costs and operating 
conditions. The key step in the polyester process is the emulsification. 
Techniques for emulsification, involving lower capital cost and possibly less 
energy demand than the Turbon Mixer (as used in Run 34, Fig.3) [8,11], 
are therefore sought. There is a commercial design currently available using 
air mixing in the urea-formaldehyde waste solidification process. Based on 
this precedent, an air sparger consisting of two circular turns of l/2 inch cop- 
per tube, with 20 perforations of 0.125 inch diameter facing inward and with 
1.3 inch spacing between the perforation was fabricated and installed in the 
emulsification tank (item 8, Fig.2). Design calculations on the air sparger are 
presented in the Appendix. 
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The effectiveness of the above air sparger was examined in Runs 00 and 
37 (Tables 1 and 2). The waste used was 20% by weight sodium sulfate solu- 
tion, in a waste to resin weight ratio of 65:35. The operations were similar 
to the general description given earlier, the only exception being the replace- 
ment of the Turbon Mixer 3B by the air sparger. The sequence of operations 
in Run 37 is presented in Fig.4. 

AIR SPARGER STARTED 
RESIN CHARGED MANUALLY 

WASTE STREAM COMMENCED- 
RECYCLE STARTED 

STABLE EMULSlON FORMED 

* SAMPLE #I - 

RESlN STREAM COMMENCED ’ 

ENDOF RUN @ 65 MIN. 

Fig.4. Operations schedule for run 37. 

TABLE 1 

Preliminary evaluation of air sparger for emulsification 

Run number 00 

Wate used 
Resin used 
Planned waste to 
resin ratio (wt. basis) 
Initiator used 
Mixer type and speed 
Quality of emulsion 
Remarks 

Sodium sulfate, 20% by weight 
Aropol WEP 661-P 
50:50 

Lupersol Delta-X 
Air sparger used 
Stable and uniform 
Batch run; air sparger for mixing; 
emulsification good and rapid. 
Large vol. of vapor evolved during 
emulsification. 
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TABLE 2 

Results for run numbers 33 and 34 using Turbon mixer at different speeds and for run 
number 37 using air sparging 

Item Run number 

33 34 37 

Waste used 

Resin used 
Planned waste to 

resin ratio 
(wt basis) 

Initiator 
Temperature of waste 

solution, ‘C 
Temperature of 

resin, ’ C 
Flow rate of waste 

solution, g/min 
Flow rate of resin, 

g/min 
Batch of resin, kg 
Flow period for waste 

and resin, min 
Mixer type and speed 

Canning cycle time, 
min 

Filling time per can, min 
Amount of initiator per 

can, ml 
Duration of mixing in 

can, min 
Time for emulsification, 

min 
Type of mixer for 

initiator 
Total number of cans 
Density of waste, g/ml 
Density of resin, g/ml 
Waste to resin ratio 

achieved, 
(wt basis) 

Sodium sulfate Sodium sulfate Sodium sulfate 
20% by weight 20% by weight 20% by weight 
Aropol WEP 661-P Aropol WEP 661-P Aropol WEP 661-P 
65:35 65:35 65:35 

Lupersol Delta-X Lupersol Delta-X Lupersol Delta-X 

55 

20 20 20 
1368 for 19.4 min 1368 for 18.5 min 1368 for 16 min 
then 260 then 260 then 260 

140 140 140 
14.3 13.4 12.0 
25 24 19 

3B, Turbon 3B, Turbon 
200 r.p.m. 1850 r.p.m. 

6 6 6 
1 1 1 

6-14 6-14 6-14 

3 

9 8 5 

Helicone Helicone Helicone 
6 6 6 
1.14 1.14 1.14 
1.02 1.02 1.02 

66:34 66:34 65:35 

55 

3 

41 

Air sparger, 
4.1 cu ft/min/ 
sq ft of tank cross 
section (Appendix) 

3 
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TABLE 2 (continued) 

Item Run number 

33 34 37 

Results 
Quality of emulsion 

Initiator concentration, 
g/100 g of resin 
in emulsion 

Peak temperature, ‘C 
Time to reach peak 

exotherm, min 
Compressive strength, 

N/mm2 
% leached in 84 days 
Characteristics of 

the solidified 
product 

Uniform, viscous, Uniform, viscous, Uniform, viscous, 
and stable. and stable. and stable. 

0.49-1.15 0.49-1.15 0.4-l. 20 * 54-71 46-80 

* 22-36 18-40 

11.6 f 0.43 14.9 + 0.53 
0.42-1.8 0.57-o. 86 

iz.6 f 0.23 

Good encapsulation Good encapsulation Good encapsulation 
and good mechan- and good mechan- and good mechan- 
ical integrity. Good ical integrity. Good ical integrity. Good 
curing and hard set. curing and hard set. curing and hard set. 
Uniform appearance Uniform appearance Entrapped air bubb 
with no free water. with no free water. but no free water. 

*The peak exotherm and the time to peak exotherm were not recorded since the multipoin, 
temperature recorder was out of service. 
**Leachability was not evaluated. 

Immobilization by rotary drum mixing 

There currently exists an integrated commercial system for the solidifica- 
tion of hazardous wastes, using Type II or regulated set cement. In this sys- 
tem, applicable for example to radwastes, the radwaste slurry is pumped to 
the decanting tank. Here, the solid material settles to the bottom, and the 
excess water is siphoned off. A predetermined quantity of water over the 
settled material is retained for proper mix with the cement. A tank mixer is 
then operated to homogenize the slurry. The operator determines the quan- 
tity of waste per disposal drum and sets the pump selector switch to the 
proper mode. Mixing weights are added to the drum along with the dry 
cement. The automatic cycle is then started. The drum is uncapped, filled, 
capped and transferred to a tumbling or rolling station where the contents 
are mixed. The drum is then weighed and its radiation level measured. Next, 
the drum is transferred by crane to the decay pit or directly to a truck. 

In order to simulate the above system, a Model KCB-10 drum rotator, 
with a l/6 h.p. motor, was used (Fig.5). The l-gallon can, mounted on a 
rollers/belt-and-pulley arrangement was rotated at 45 r.p.m. Two types 
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Fig.5. Set-Up for Rotary Drum Mixing. 

of  runs were carried out  (Runs 51, 52). In run 51, the  polyester  resin and 
solid waste were premixed in the drum; next, the  catalyst was added and the 
drum mixed again. In Run  52, all three consti tuents were fed in at the same 
time, the  drum sealed and then rotated. 

Results and discussion 

In Table 1, the results from a feasibility run (Run 00) for  emulsification 
by  air sparging are presented. This was a batch run, with a waste to  resin 
weight ratio of  50: 50. As expected,  air sparging entrains some amount  of  
volatile const i tuents  (styrene) from the batch. 

In Table 2 the performance of  the  air sparger in emulsification (Run 37) 
is compared with that  o f  Turbon mixers operated at low (Run 33) and high 
(Run 34) r.p.m, values. In all cases, the  immobilization appears to  be good, 
with uniform dispersion and with good mechanical integrity. 

A comparison o f  the  time for  emulsificiation shows that an emulsion is 
formed more  rapidly by  air sparging than by  using the Turbon mixer. This 
could be at tr ibuted to the  absence of  dead pockets  as a result of  complete 
mixing and vigorous agitation of  the  batch of  resin by  the rising air bubbles 
even before the waste stream addition was started. 

The emulsion formed by air sparging was uniform, viscous and stable, and 
after polymerization,  resulted in a well cured, rigid solid with good encap- 
sulation of  the  waste. The encapsulation can be seen in the scanning electron 
micrograph shown in Fig.6b. The air sparging, however, appears to have one 
major drawback, in that  a significant amount  of  air dissolves in the emulsion. 
This air remains t rapped in the form of bubbles in the solidified product  
(Fig.6a) [8, 10]. The micrographs [8, 10] from Run 33 (low r.p.m.) and 
from Run 34 (high r.p.m.) are presented here for  comparison (Fig.7 and 8). 
As can be seen, the droplet  sizes are higher in the low r.p.m, case. 



Fig.6. Scanning electron micrographs of immobiliied wastes - Emulsification by air 
sparging (Run 37). (a) 20% Sodium Sulfate Solution - Run 37 (Magnification 12). (b) 
20% Sodium Sulfate Solution - Run 37 (Magnification 3000). 

Fig.7. Scanning electron microscopy of immobilized wastes - Emulsification by Turbon 
mixer (Low r.p.m.) (Run 33). (a) Sample 33-3 (Magnification 3000). (b) Sample 33-6 
(Magnification 3000). 

The variation in droplet size under various agitation conditions also ac- 
counts for variations in the measured viscosity [ 5,6,8, 111. This is seen 
from Figs.9-11. The viscosity in Runs 33 and 37 are markedly lower than in 
Run 34. It is seen, however, that the viscosity in air sparging (Fig.9) is 
slightly higher than in low-r.p.m. Turbon mixing (FigJO), indicating a some- 
what higher shear for the conditions used in the runs. 
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Fig.8. Scanning electron micrographs of immobihxed wastes - Emulsification by Turbon 
mixer (High r.p.m.) (Run 34 j(a) Sample 34-l (Magnification 3000). (b) Sample 34-2 
(Magnification 3000). 

Fig.9. Apparent viscosity versus time elapsed since the commencement of emulsification 
-Run 37. 

The droplet sizes in Runs 33 and 34, and the corresponding leach charac- 
teristics of the solidified product with respect to sodium ion, are shown in 
Table 3 [8, lo]. It is observed that the leach characteristics are superior for 
smaller particle size, i.e., for the case where emulsification has been achieved 
under high r.p.m. conditions. In the case of the solidified product from Run 

Fig.10. Apparent viscosity versus time elapsed since the commencement of emulsification B 
- Run 33. 

Fig.11. Apparent viscosity versus time elapsed since the commencement of emulsification 
- Run 34. 
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TABLE 3 

Comparison of droplet size with viscosity and leachability - Run numbers 33 and 34 

Sample 
number 

33-1 
33-2 
33-3 
33-5 
33-6 

Average 
particle size 
(pm) 

4.9 f 0.7 
3.8 2 0.4 
4.0 f 0.4 
3.9 i- 0.5 
2.0 + 0.5 

Viscosity Cumulative Differential 
(5 r.p.m.) % leached leachability 
(CP) out at the between 70 

end of 84 & 84 days 
days (cm X 104) 

1790 (91°F) 1.8 1.30 
1800 (92°F) 1.59 0.63 
2060 (91°F) 1.68 0.63 
2250 (88°F) 1.75 0.78 
3500 (85°F) 0.42 0.28 

34-1 1.46 i 0.14 4000 0.57 0.28 
34-2 1.20 + 0.10 5100 0.54 0.36 
34-4 1.30 + 0.13 6050 0.86 0.73 
34-6 1.15 f 0.10 7000 0.73 0.43 

6000 L 

I I I I I I I 

10 PO 30 40 Jo 60 70 80 

TIME (mln) 

SYMBOL SPINDLE SPEED 

l 2.5 RPM 

_ A 5.0 RPM 

I I I I I I I -I 
10 20 30 40 50 60 70 80 

TIME (MN) 
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37, it could be expected that the leach characteristics will be similar to those 
from Run 34. 

The presence of air (oxygen) in the emulsion could normally be expected 
to retard polymerization and reduce the compressive strength of the final 
solid. The results for Run 37, however, show that the time to peak exotherm 
of 18-40 minutes (Fig. 12) compares well with 22-36 minutes for Run 34 
(Fig.l3), for corresponding quantities of the initiator. This shows that sparg- 
ing did not introduce a significant amount of oxygen to materially affect 
the polymerization. The compressive strength of samples from Run 37 is 
close to the average of those reported for Runs 33 and 34 (Table 2). Emul- 
sion formation by sparging does not seem to have adverse effects. 

In Table 4, the data obtained with tumbling mixers for the immobilization 
of volume-reduced wastes are presented. It is evident from Runs 51 and 52 
that, for the same conditions of waste to resin ratios and r.p.m. values, a 
higher catalyst concentration favors uniform solidification. This is explained 
on the basis that this higher concentration enables rapid gelling, and hence 
a rapid increase in viscosity, thus preventing rapid settling out of particles 
which leads to a more uniform product. The results also indicate that ade- 
quate mixing does exist in such tumbling mixers. 

APEAK EXOTHERM 

Fig.12 Effect of initiator concentration on peak exotherm and time to peak exotherm - 
Run 37. 

Fig.13. Effect of initiator concentration on peak exotherm and time to peak exotherm - 
Run 34. 
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TABLE 4 

Evaluation of tumbling mixer for volume reduced waste 

Run number 
- 

51 52 

Waste 
Resin 
Planned waste to 

resin ratio 
Initiator 
Mixer and speed 
Quality of 

emulsion 
Remarks 

Sodium sulfate (solids) Sodium sulfate (solids) 
Aropol WBP 661-P Aropol WEP 661-P 
50:50 50 :50 

Lupersol Delta-X Lupersol Delta-X 
Tumbling mixer; 45 r.p.m. Tumbling mixer; 45 r.p.m. 
- - 

Rotary drum type mixing of 1 Rotary drum type mixing of 1 
gal can; pebbles of size l/4”- gal. can; no. of pebbles in- 
l/2” used ; first resin and solid creased. This time, resin, solid 
waste were mixed for 15 minutes, waste and catalyst (7 ml) were 
then catalyst (5 ml) added. After added together and then mixec 
30 minutes of mixing, no solidi- Solidification within 20 min- 
fication seen, and solids were utes. Solids were uniformly 
settling down. Next day only distributed. Not much settling 
solidified resin was seen at the top. seen. 

Conclusions 

The data from Runs 00,33,34,37,51 and 52 show that viable alternative 
methods of mixing the binder with the waste are available, and that existing 
commercial processes for waste immobilization, using these mixing tech- 
niques, could easily and profitably be switched over to the polyester process. 
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Appendix 

Design calculations for the air sparger 

For a liquid depth of 3 ft (91.44 cm), Perry [15] recommends for “com- 
plete agitation,” an air flow rate of about 3 (cu ft/min)/sq ft of tank cross- 
section and, for perforated-pipe spargers, an orifice size of 0.125 inch-O.5 
inch. For our pilot plant, the orifice size chosen was 0.125 inch (0.32 cm). 
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A pipe size of 0.5 inch (1.27 cm) was chosen to ensure that the pressure 
drop down the length of the pipe was negligible compared with the pressure 
drop at the orifices - another design criterion. 

To determine the number of orifices required, an exit air velocity of 2000 
ft/min (610 m/min) was taken as the basis. The emulsification tank (1.25 ft 
diameter) has a cross section of 1.23 sq ft. Thus, the total air flow rate re- 
quired is 3.69 cu ft/min. Each orifice has a cross section of 8.5 X 10e5 sq ft; 
therefore, if N represents the number of orifices: 

N X 8.5 X 10T5 sq ft X 2000 ft/min = 3.69 cu ft/min 

orN= 22 

The sparger was designed with 30 orifices for the following reasons: 
1. The liquid depth might be less than 3 ft. 
2. At the start of the emulsification, the sparger is not completely sub- 

merged. 
3. Conservative design in case the line air pressure dropped during experi- 

mentation, consequently reducing the exit air velocity. 
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