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INTRODUCTION

The recent accelerating emphasis on protection of the enviromment has
necessitated the need of rapid development in technology to aid in pollu-
tion control.

The proper management of hazardous waste is now clearly recognized as one

of the major tasks the chemical {ndustry will have to accomplish in the

coming decades. As environmental laws and regulation are becoming stricter

in the near future, industry's waste disposal options have become increasingly
limited and costly.

Recently, the Resource Conservation Recovery Act (RCRA) has helped to promote
environmental safeguards, but also has required more costly waste management
practices to deal with hazardous waste.

The cost of putting & hazardous waste into & secure landfill in bulk form
is about $0.45/gallon; whereas, in drums, the cost is higher and the practice
will soon be ruled out by EPA.

PPC Industries Chemicsl Division at Lake Charles is paying over 367,000
annually for the disposal of its Bottoms Plant eolids and liquid hazardous
waste alone. The future prospect for such disposal is not promising. The

ever increasing high cost and possible future restriction on transportation,

as well as the limitation of secure landfill facilities are quite unpredictable.

Concerned with all these problems, a need was recognized to have an alternate
suluti{on. A project vas jointly originated by Process Engineering and the
Laboratory to look into such possibilities.

The objective of this project {s to present specific information pertinent

to the possible in-plant alteruate to dispose of such hazardous vaste. The
laboratory responsibility vas considered to provide those design paramsters

of the unit process vhich are involved in physical-—chamical treatment of

the rav waste for detoxification, as vell as the analytical data to determine
the best suited design criteria in selection of the candidate process. The
approach should be envivormentally and legally safe, technologically feasible,
as wall as economically desirable. Also, {f possible, this method should be
adaptable to our other similar solid waste prodlams which would be generated
by various other operating units.

Clasan{fied bottoma sludge contains mostly reridue of dopp kettleas and thome
heavies which can neither be (ncinerated in our existing facili{ties, nor
separated in AP! Separators. A general characterization and analvees are
summarized in Table Nos. I, Il and 111 to show the solid and vaporizable
contents and other chemical and physical characteristics,
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Physical Characteristics

State
Color
Odor

Solids and Vaporizable Contents

Chemical Characteristics

BTU/1b (gross)

Residue at-350°C

Organic Contents (volatiles)
Inorganic Contents (metals)

pH

LD-2206/3

Table I. General Characteristics of Classifier Bottoms (Untreated)

Semi-viscous sludge.
Greenish black with brown specks.
Pungent and chlorinated organics.

8-10% solids and 90-922 vaporizable
components.

3376

7.5%

521 (See Table II)
6% (See Table III)

Less than one (highly acidic)
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Table 11. Analysis of Total Organics (weight 7 volatiles) Present
in Classifier Bottoms

Component, wt % 11/21/80 11/24/80 12/02/80 6/16/81 Average

Vinyl Chloride Trace - - -
Ethyl Chloride 8.53 0.9%
1,1-Dichloroethane 21.2)

cis-1,2-Dichloroethylene 0,13

Chloroform 0.37

1,2-Dichloroethane 6.06

Methylchloroform 0.63
Carbon Tetrachloride 0.41
Trichloroethylene 6.43
1,1,2-Trichloroethans 9.10
Toluene 0.04
Perchloroethylene
unsym-Tetrachlorocethane
sym-Tetrachloroethane
Pentachloroethane
Hexachloroethane
Hexachlorobutadiens

Total Volatiles Average $2.%71

Method of Analysis: Gas Chromatography; sethylene chloride extraction.
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Table III. Total Imorganic (weight I metals) Present in
Classifier Bottom (Raw Sludge)

Metals lat Composite 20d Composite 3rd Composite Average

Fe 4.9 z 5.4 b4 4.8 5.03

2
Cr < 0.0001 )4 4 0.004 4 0.002
2

Cu 0.02 0.025
Pb < 0.0001 2 0.0010

Ni 0.01 1 0.01

Hg 0.05 0.43
Ca , 1-10

6.17
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ABSTRACT
Laboratory studies were conducted to develop a means to detoxify bottoms
material from the Plant B Classifier. A two step process involving pre-
treatment with lime followed by pyrolysis was found to decompose the toxic
components of the waste, rendering the resulting solid suitable for landfill.
A continuous pilot plant to verify this treatment process is recommended.
EXPERIMENTAL

A. Sampling

The classified bottoms holding tank is a 38' x 10' x 8' rectangular pond
where the tar buggies dump the material from various dopp kettles and
vacuum trucks discharge organic waste from other operating units. The
solids are separated from organics and water and settle down to the
bottom by gravity as well as by the precipitating action of ferric
chloride present as the spent catalyst from the dopp kettles.

The sampling scheme (Figure No. 1) was devised to ensure collection of

a representative portion of the classified bottoms material. The surface
area of the pond was divided into an imaginary grid system and a total of
12 cored samples were taken (using EPA's COLIWASA method) with a

2-1/2" x 5" spun fiberglass pipe operated by two men. The twelve core
samples were composited and equal portions were transferred into three
one-gallon plastic containers holding about 10 pounds each of sampled
material for laboratory experimentation. The sampling was performed in
compliance with existing regulations promulgated by the regulatory
agencies (EPA 600/2-80-018, January 1980. Samplers and Sampling
Procedures for Hazardous Waste Streams, Analytical Operating Procedures
Manual, Department of Natural Resources, Office of Envirommental Affairs,
Hazardous Waste Management Division, Baton Rouge, Louisiana, August 1980).

Equipment and Apparatus

The initial laboratory pyrolysis experiment was performed in a platinum
crucible using an electric heater to study the weight loas relationship

to heat and total time period (Table IV). Later, for pilot studies, the
apparatus for pyrolyzing the classified bottoms was designed for comparative
batch incinerations, ranging from 100-500 grams. The system (Figure No. 2
and Photograph No. 1 of the pilot plant) consisted of a one-liter boro-
silicate reactor vessel and a trio of Greenberg-Smith 500 ml. water scrubbers.
An air filter of 0.45 um particle retention (Gelman-089-844 8" x 10" size)
was installed after these scrubbers to verify that all the particulates of
interest were trapped. To collect this sample, Research Appliance Company's
particulate Air Sampler (Model GMWL-2000) was used. This air sampling
equipment served a dual purpose: first, for collection of the said
particulate, and second, as the source of induction air needed for oxidation
during the pyrolysis. The entire assembly was a clnaed system except for

an air inlet, provided by a glass tube opening into the reactor vessel.

The exhaust was connected to the three water scrubbers followed by the
particulate sample equipment. A 750 watt, variable control, electric
distillation furnace was used to provide the necessary heat. A digital
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Figure 1. Classifier Bottoms Basin and Sampling Scheme
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pyrometer was used to study the temperature within the reactor, and
another pyrometer was attached to the heat source to monitor the heat
differentials during the pyrolysis (Figure No. 2).

The entire system was mounted in a hood and all experimentation performed
with the hood door closed and hood exhaust omn.

Procedure

Weighed samples of the material to be pyrolyzed were placed in the
reactor vessel along with the thermocouple. Another thermocouple

was placed between the heat source amd the reactor vessel bottom.

The reactor vessel, scrubbing units, and air sampling equipment were
connected to each other. The flow of air into the system was adjusted
by a bypass valve. The heating of the reactor vessel was controlled
manually by monitoring both the sludge and the heat source temperatures.
Temperature readings were recorded every two to five minutes depending
on the temperature differential,

The three scrubbers were charged with 150 mlL water to retain any
sublimates and water soluble gases coming out of the reactor. This

was followed by the 0.45 um filter assembly of the air sampling equip-
ment. This unit retains all the particulates not trapped by the scrubbing
units.

DISCUSSION AND RESULTS

The major constituents of the sludge are: spent ferric chloride catalyst,
muriatic acid, sand, chlorinated organics, water, and tar-like hesvy sludge.

Pyrolysis of these materials offers the opportunity to reduce the volume
as well as the toxic components to levels qualifying for disposal at a
non-hazardous, sterile landfill.

The results of the preliminary experiments show that the sludge sample
contains spproximately 92X wolatile constituents with 8% eolids (Table IV).
The spectrographic analysis of the residue indicated that the major
constituents were Fe,0, and sand with minor quantities of Mg and Ca (Table V).
The vaporizable constituents were largely composed of organics, muriatic

acid (HCl), FeCl, and water.

Although volume reduction of the bulky waste was achieved, as well an
detoxification, the resultant particulate emissions, chiefly iron, were

highly undesirable (Photograph No. 2). Strict air pollution regulations

and highly corrosive gaseous emissions (HCl) prevent such practices. The
evolved HCl formed indigenously by hydrolysis of FeCl, and thermal decomposi~-
tion of chlorinated organics would have a significant effect on the performance
and life of the reactor and {ts hardware. Therefore, {t was necesaary to
select an agent that would neutralize existing HCl and that formed by the
decomposition of chlorinated organics.
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Figure 2. Schematic of Pilot
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Apparatus
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Table V. Metal Analysis of Pyrolyzed Sludge o .
(Untreated Pyrolyzed Residue of Raw Sludge)

1st Composite

35.9 z

0.24

0.19

0.004

0.10
< 0.10 ppm

0.24

2nd Composite

39.5 Z

< 0.0001
(0.18 ppm)

0.15

< 0.0001
(0.04 ppm)

0.04

0.5
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Several neutralizing acents were coneidered inciuding cal-iur carhrnare,
_aleium oxide (quick limed ard =laked lime. Slaked lime was seler:od
~ecause it s readily available and =afe tr use, OQuick lime release
‘arce nuantities of heat npeor zertacting wvater which could resul: in a
fire or ralease ~f arzanics in air. Calcium carbonate is not efficient
for neutralizing and more expensive.

'L

)

The typical dose was considered to be 20 g/100 g of waste, but it may range
from 18 2-22 g/100 g depending upon the nature of the waste. The 1:5 mix
ratio was successfully used for our pilot plant experiments. A pH range

of 9.8 to 10.5 was considered a good indication of thorough mixing and
complete neutralization of lime and waste. The slight excess alkalinfty
serves as a reserve for anv other HCl produced during the pyrolvsis.

g pm g
R A "

The treated waste (20 g/100 g) was heated. At temperatures of 13
the charred remains of organtics reached the aute ignition paint and wernnd
with a slight glow. The pyvrolvsis was completed without an sarcicalate

emissionsg at 350°C. (Photograph No. 3.

The residues and scrubhking waters were analvzed for organics, {ner-anics,
and leachate testings ‘Tables VI, VII, and VIII'. The filter paper from 1
the air sampling unit was weighed and checked for anv retention, Results i
were negative,

Sabine 'clear well' River Water was used {n the scrubbers for cne (ncineta-
tien of treated sludge for comparisen to the total suspended solids formation
when scrubbing with distilled water. Results did not show anv difference.
Scrubber efficiency was determined by comparing total suspended «~iids
retained in each scrubbing unit to the total of the three. The w:riukbper
effi{clencies were: No, | scrubber retatned 87.47% of the total marsiwlite,
‘o, [ acrubber retalned 12.5% and “o. 3 scriukwer colleeted ©L010 . e

scrubber waters were step=filtered threoux™ a range of f{lter soresir it
for sdsc distrirhution analvels (Tanle VIID.

CONE TR T

ihe results of meveral tests proved that the lime treatment wa. o
cffective for the neutralization of waste prior (o the prroluwie,

controlled very efficiently the prohlem of particulate and corrowiue i
emissions.

ihe quantity of final resf{due resulting from lime treatment wis conmaiderat bs
sreater but 1t is offsot by the lack of atmespheric emfasions and o lida
ivadine of the scrubhher water hy this nrscess,

ceeednomsoratare Deoreacs dardee U mfadae o ik me g
_ ty, oo REREa ey, f. N - Lo [ oy .
, - fl . -
AT DI A ot et dindioated an vy T non-
T Tretiiaaatt o The B otasicity test for heavy metals o iakle

VI was negative for toxic metals., Resi{ducs were analvzed for hich molecular
weiuht organics such as PCB, and results were negative. A detailed analvsis
and cerparative results of treated and untreated pyvrolvzed restdues are

given in Table VIITI.

SL 085466
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Table VI. Metsl Analyses of Trested and Pyrolyzed Bottoms Sludge |

: -V'"  Metals  lst Composite 2nd Composite 3rd Composite Aversge
SR 193 oz 208 % 122 X 17.43 %
cr 0.00005 X  0.009 2 0.08 T  0.009° %
cu 0.17 T 0.09% 2 0088 2 0115 %
8 0.00005 X 0.004 0.004 x 0.0z z
B 0.04 T 0.05 T 0035 % 0.0416 %
Hg 0.2 P 0.1 A 0.2 ppm 0.17 pmm
Cs 20.0 T 16.50 T 19.6 T 180 2
T tal 36.47 2

Table V1I. EP Toxicity Analysis for Baszardous and Toxic Metal Evaluation
(Residues of Treated and Pyrolyzed Sludge)

Toxic 's

Matals lst Cowposits 2nd Cowposite 3Ird Composite ts

Cu - EFo g V2 oyl 0.733 pm 5.0 ag/L mex.
71 - SR iy RS prpugl 0.80 ppm -

Cr 1.0 ppa G2 ppu oo “9 gl 070 ppa  S.0m/L

) 1.0 o WK pa ) Who prasgl 080 ppm 50wt

cd < ﬁi ppa 851 prm ng""ﬁ.l paas 0.1 ppm 10w/l

As < 5.0 pm - - - 5.0 ng/L

Ba - - - - 100.0 mg/L

Hg 0.005 ppm < 0.002 ppm < 0,002 ppm < 0,003 pps 0.2 mg/L
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Table VIII. Comparative Study of Chemical and Physical Characteristics
of Pyrolyzed, Treated and Untreated Sludge

Characteristics Sludge Treated (With Lime) Sludge (Untreated)
State Sacll gramuiar, lumpy and Mediwm to fine grain
and hydroscopic. powder.
Color Rust brown. Brownish black.
Odor Rone None
Residue, 2 25-35 10-15
Residue pH 10.4 5.8
Volatiles and Sublimates 75-652 90-852
Pyrolysis—-optimm 3so0°c 480°C
Temperature
T.D.S. (Scrubber Water) 0.00632 N/A
T.S5.5. (Scrubber Water) 10 ppm 500 ppm
D:utribtft:l?n of Particulate
Siu(Sc;:*M;c; Water)
30-60 = 2 112
10-20 ym 2 111
-8 um 1 110
S5 vm 3 %4
3 um 1 50
1.2 ym 0 36
0.8 um 1 2
0s45 um 0 25
pH of Scrubber Waters
Scrubber No. 1 3.7 0.8
Scrubber No. 2 5.0 1.6
Scrubber No. 3 5.2 2.7
SL 085468




LD-2206/17 .

RECOMMENDAT IONS

There are a few important factors which should be observed for an efficient
pyrolysis and detoxification of this waste.

Complete neutralization of waste is necessary, since the majority of
pyrolysis problems are caused by BCl. Neutralization is greatly simplified
if the lime is added in the Form of a thick slurry. This serves two
functions: first, water promotes the hydrolysis of FeCl, and second,
water provides an effective medium for the homogeneous acid neutralization.

The lime mixing ratio (1:5 based on the acidity of sludge) is also an
important factor in this process. Exceeding the optimum neutralization
level may cause higher pH in the residue. A pH of 12.5 or above classifies
any waste as hazardous.

Calcium chloride converts into a porous, hygroscopic, amorphous mass above
200°C. It fuses and begins to decompose at 500°-710° into oxy-chloride,
calcium chloride, calcium oxide, and chlorine in the presence of air.

Upon rapid cooling, it solidifies into a glass-like crypto-crystalline
mass which sticks to the reactor vessel. The safe range wvas conaidered

to be berween 350-400°C to prevent glass formation. Therefore, wost
experiments were performed up to the range of 350-400°C, although a few
of the experiments reached 500°C.

Finally, a larger scale continuous pilot plant is recommended for further
analytical testing of emissions to verify the complete detoxification of
wvaste nmaterial that wvas achieved in laboratory scale experiments.
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