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ABSTRACT

e 3

A U.S EPA Synthetic soil matrix was used for reference neat soil and pyrene
contaminated soil. For the contaminated soil, 4.79 wt.% pyrene was dissolved completely
into the dichloromethane, and the soil was evenly soaked with the pyrene solution. The
contaminated soil samples(50+0.5mg) were heated in a modified electrical screen heater
reactor, which consisted of a thin stainless foil (3.5cmX13cmx0.00254cm, 302 stainless
steel shim), two electrodes, and a 20cm dia. X30cm tall cylindrical Pyrex chamber sealed

at both ends by aluminum flanges. The heating rate and time conditions were selected as
455 @ 1137¢/s, . 760C @ 950C/s and 977C @ 977C/s. Tar samples after heating the
soils were collected on the aluminum foil funnel and a glass filter paper (25ram dia. filter

paper). The tar sample and remnant soil on the reactor were extracted with
dichloromethane covering the filters, foils and soil by sonicating each in the waterbath for

10 minutes. The extractions were run on a HPLC.

At the low peak temperature(about 455C @ 1137C/s) the color of tar was “white”, at
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the middle peak temperature (about 760C @ 950C/s) the color of tar was “pink brown’,
at the high peak temperature (about 977C @ 977%¢/s) the color of tar was “dark brown’.
Cyclopetalcd)pyrene(CPEP), which is an interesting species due to mutagenic effect on
human cells, was detected in tar samples only above the middle peak temperature. This
species was not detected at the low peak temperature. Six isomers of bipyrene were
detected. Phenanthrene(C,;Hy) and cyclopenta(def)phenanthrene(C;H,,) were also
detected, but their content was very small relative to the other listed compounds.
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Stainless steel foil

Electrode

Aluminum clamp

Thermocouple assembly

Glass reactor wall
Aluminum top or bottom

Top View : Screen Heater Reactor, with
thermocouple touching the
bottom of the stainless steel foil

Depressed region

ﬁ

Cont mmg soil 0.001" Thick

Stainless Stee

e )

Close up of molded stainless steel foil

Fig. 1. Schematic of the modified screen heater reactor. a)reactor from top view, b)reactor from

side view, c¢)close up of the molded foil(hot stage)
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Table 1. Average heating rate and Tar formation in pyrolysis of 4.79 % (wt) Pyrene

contaminated EPA Soil

Avg. Peak Temp. Avg. wtof Tar on Filter | Avg. Soil Weight loss Color of Tar
(Avg. Heating Rate) (Avg. Tot wt of Tar) (%)
45T .47mg 5.1 White
(11377C/s) (2.05mg)
760C 1.23mg
12.1 Pink B
(950C/s) (22ng) e BIown
77C 1.37me 173 Dark Brown
(977°C/s) (3.28mg)
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Fig. 2. A HPLC Chromatogram for tar
extract from tar filter sampled after
heat treatment of 4.79 %(wt) Pyrene
contaminated EPA Soil with a peak
temp 977°C & a 977 C/s heating rate.

Table 2. Analysis of Tar sample from pyrolysis of Pyrene(4.79%) contaminated EPA Soil with

a HPLC
Avg.Peak
Temp. Pyrene fc):)z)if: Iso- Iso- Iso- Iso- Iso-
(Avg. (C16H10; (CISHIO; Bipyene Bipyene Bipyene Bipyene Bipyene
Heating 18.8) 2.4 ’ (36.4) (37.4) (38.7) (40.3) (42.3)
rate)
455¢C 13600 31 61 57 144
(11377C/s) (1) 0.2) 0.4) (0.4%) (1.0)
760°C 9466 135 262 463 230 377 432
(950TC/s) 1) (1.4%) (2.7%) (4.9%) (2.4%) (3.9%) (4.5%)
977C 7472 135 218 37 172 322 296
(977C/s) (1) (1.8%) (29%) (4.9%) (2.3%) (4.3%) (3.9%)
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A2l 39 EY 355 &= Pyreneolsolle 4
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Table 3. Analysis of extraction from Soil
residue in purolysis of
Pyrene(4.79 %)Contaminated EPA
Soil with a HPLC

Avg.Peak
Tempt. Normailized
Pyrene .
(Avg. (Area) (Concentration factor,
Heating wt of residue soil)
rate)
455C 13141 138(Area)/mg of
(1137°C/s) residue soil
760°C 149 6.8(Area)'mg of
(950C/s) residue soil
977¢C 1280 0.9(A.rea)/m g of
977°C/s) residue soil
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Table 4. Average heating rate and Tar
formation in pyrolysis of EPA Neat

Soil
Avg.Peak Ave.wt of
Avg.
Tempt. Rar on )
) Soil Color
(Avg. Filter(Ave. .
. Weight | of Tar
Heating Tot wt of
loss(%)
rate) Tar)
406°C 0.0 mg 136 D
(1015C/s) (0.22mg)
7 X
609 T 0.015 mg 4.49 ND
(939C/s) (0.32mg)
774 0.086 mg
o77C M€ 1002 | ND
(9557C/s) (0.56mg)

2 &9} Pyrene7te] B33 318H4 zhgof of3h
Rog A%E & At ojyd vis FFad
718 zEllM e #e HHg AlZEe EY QAR
HE Pyrene’d & BFAA e HECE £
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ot} Z} Lxo] A GAa] Fof dAs=
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Tar filterolXe E%%9] minerald & 225
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7} 29¥ EPA EQ0) gt A% £4%8 87]
g+ Table 4% ©]-&3ld TAJZ Fig. 3& Saito7}
7F-E 1000C/soll M AR Ba(AN)e B A4
o] A7t fAR Zeg Hudmrt F71gel o
2 Ze A¥ger Frlehe A B 7 ok

®  Neat Soil o
O Contaminated Soil

16 +

1

o A 1 L 1
300 400 500 600 700 800 900 1000 1100
Temperature (C)

Fig. 3. Effect of peak temperature on soil
weight loss in contaminated soil and
neat EPA Soil.

2.2 29 EokEe] PyrenedAS 3k A=A

Table 13} Table 404 42 22 A =4
alo] HkeAE HF Y Az AAE o] L3ly
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oA A 2 Ade Table 5, Fig. 49
2oy,

Removal(%) = (WLc - WLn{1-Lc) / Lc)
x 100

o371 ; Whe (2% B4} wrgaA%9] B9k
A s / FE LYEY A8
Z), WLn (e9HR] gL B9 ut
AT AN E / $YE EFY
), Le s EYY 9% (= 0.0479,
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A FETE 73 Stolla Atd 2= Table
5o sl Huewrst 760cYdH oln] Pyrene
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Fig. 4. Pyrene removal efficiencies in various

peak temperature.

AAZ] 100%7F A Zrlshe 158%2 A4ty
At

SaitoS< gxg2x7t 700¢(1000¢C/s,
Heating rate)o]’dolA EFo2HE odEA
(Pyrene) AAE&o] 100%°1742 2HE dAe
g, old3 AL e 2EoM QBRI ES
7re] ukgo) o3 Ag Mugn, AT AAS
& As7l gaidEe €2 2 AA9 Mass

Table 5. Removal(%) of pyrene from
contaminated EPA Soil with 4.79%

in weight

Avg.Peak Tempt.
(Avg. Heating rate)
455¢
(1137°C/s)
760C
(950C/s)
977¢C
(977°C/s)

Pyrene Removal (%)

80.9(%)

158(%)

162(%)
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Fig. 5. Difference between weight losses
experienced by contaminated soil and
neat EPA soil.
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