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Abstract: The key to the online thermal capture of dioxins is the appropriate choice of adsor-

bent for efficient capture at low temperatures and rapid desorption at high temperatures. Effi-
cient adsorbents can allow for capture and separation during the online monitoring of dioxins or
during offline dioxin tests. In this study, 1,2,3,4-tetrachlorodibenzo-p-dioxin (1,2,3,4-TCDD)
and pentachlorodibenzofuran (1,2,3,8,9-PCDF) were used as model compounds for dioxin
monomers, and an electron capture detector (ECD) was used to detect the dioxin signals. The
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retention volumes of 1,2,3,4-TCDD and 1,2,3,8,9-PCDF on 11 types of adsorbents were deter-
mined using a packed-column gas chromatography system. Then, the corresponding van der
Hoff equation was established, and these adsorbents were evaluated for the thermal trapping of
dioxin. The linear coefficients of determination ( R*) of these adsorbents were greater than
0. 96, which indicated a strong correlation between the adsorption capacity and 1/7T (T tem-
perature ). The gas-solid partition coefficients ( K, ) of the adsorbent at 120, 150 and 180 C
were predicted according to the van der Hoff equation, which was obtained in an earlier study.
Among the 11 adsorbents, florite had the largest adsorption capacity at 120, 150, and 180 C,
especially at 120 C; the K, values for 1,2,3,4-TCDD and 1,2,3,8,9-PCDF on florite were as
high as 1. 82x10* m’/g and 1.46x10”m’/g, respectively. Carbon-based adsorbents of the Chi-
nese stilbene polymer porous microspheres GDX series, GDX-101, GDX-102, GDX-103, GDX-
105, and GDX-203, can facilitate thermal desorption below 270 °C, which is the maximum tol-
erance temperature for series 1 and 2, thus providing evidence for the feasibility of using these
adsorbents for the thermal adsorption/desorption of dioxins. When the detection temperature is
less than 310 C, 1,2,3,4-TCDD is thermally desorbed from mordenite, but 1,2,3,8,9-PCDF is
not; this indicates the selective adsorption of dioxin monomers on zeolite. However, diatomite
and montmorillonite have poor adsorption capacity for dioxins in the gas phase, thus being
unsuitable for the thermal trapping of dioxins. Florite, silica gel, alumina, GDX-102, GDX-103,
and GDX-203, which have strong adsorption capacities, were selected as possible absorbents
for the next evaluation. Comparison of the In K, values of dioxin monomers on the same adsor-
bent at 120 C and 270 °C revealed that the retention volume of florite was the largest at both
temperatures. When the thermal trapping performance of dioxin at low temperatures is consid-
ered, florite is thought to be the best among the 11 adsorbents for capturing dioxins. However,
when the desorption performance at high temperatures is considered, GDX-102 is the best
adsorbent for the thermal desorption of dioxins, and its In K, ,,,  is the smallest among those
for the aforementioned six adsorbents. The In K, ,,« and In K, ,,,, values of silica gel, GDX-
103, and GDX-203 are similar to those of GDX-102, and hence, they can also be used as rapid
thermal adsorption/desorption materials. In this study, the thermal adsorption/desorption prop-
erties of 1,2,3,4-TCDD and 1,2,3,7,8-PCDF on 11 adsorbents were systematically evaluated to
obtain a new solution for the sampling and preparation of dioxins and to provide technical sup-
port for the thermal capture of dioxins. It should be noted that these results were obtained
under ideal conditions of nitrogen, without considering the influence of the complex conditions
of flue gas (such as moisture and CO,) on the thermal capture. To achieve the thermal capture
of dioxins in incineration flue gas, it is necessary to carry out the relevant evaluation and test
research in a flue gas atmosphere.
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ECD. electron capture detector.

14 SWEHE

HEAEE IR EE 1 280 C 5 Ao A ECD i
JEVR 310 C 5 = fe & 0 BT 500 ) A% 40 IR B2 B FR
310 C, A 4 B2 AR 9 52 56 1 O o %, GDX-101
GDX-102 ,GDX-103 , GDX-105 #ll GDX-203 ) 1% /=
i 22 6 3 o8 270 °C, #E 8 LB 4 3 Ok 250,255,
260,265,270 C ; A A HA ; 67 A0 IR It 1 1100 O
RN 20 R 3 K, O S, AR e 3 1 5]
AT 18 mIL/moin, B 35 W B30 69 28020
>4 22 mL/min,

2 ZREiE

21 BREHT ZIEZBKEARRE R AR
B 1 B

ASCVFH T 11 FpAS [ W B AR 1,2, 3, 4-
TCDD .1,2,3,8,9-PCDF it W fff 4 i | 5256 2% 5 I
£1,

F 1 A R A Y R R T R P E R
(R ¥IKT 0.96, FMAASLIAFH A In K, I
/T H A W5 2 v A e v, A & 1T,
1,2,3,8,9-PCDF 1y il} W i [H) #F W T 1, 2, 3, 4-
TCDD, X &KX~ 1,2,3,8,9-PCDF [{JAH* 37 i
It 1,2,3,4-TCDD K, 5 W fff 58 2 [8] () A6 B4R F )
B, FE 220 A b, R AR TR S 270,275,280,
285290 CH},1,2,3,4-TCDD 4 Wk 1y, A
#1,2,3,8,9-PCDF I, n] g 1Y J5 PRS2 o 43 Xof — 1
B PR R B ) =5 A U T A FLAE X B A R A
PRI AR S D 290~ 310 CHE, w2l

%1 1,2,3,4-TCDD #11,2,3,8,9-PCDF 7E 11 70 B 5 b £ U5 b 25 230

Table 1 Summary of adsorption results of 1,2,3,4-TCDD and 1,2,3,8,9-PCDF on 11 adsorbents
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K, : gas-solid partition coefficients; 7': temperature.
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Table 2 Gas-solid partition coefficients of 1,2,3,4-TCDD and 1,2,3,8,9-PCDF

on different adsorbents at 120, 150 and 180 °C m?/g
1,2,3,4-TCDD 1,2,3,8,9-PCDF

Compound 120 C 150 C 180 C 120 C 150 C 180 C
Silica gel 31203.6 152.2 4.4 282647.6 794.0 15.8
Alumina 4548112.1 7284.9 99.7 19257081.9 21415.9 229.9
Montmorillonite 0.006 0.001 0.0004 0.016 0.002 0.0007
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Mordenite 20142.5 27.6 0.3
GDX-101 57.3 1.7 0.2 311.6 6.8 0.5
GDX-102 22811.6 100.5 2.7 154696.9 475.1 10.0
GDX-103 11458.1 69.4 2.3 12008.4 98.8 4.0
GDX-105 599.7 7.2 0.4 2608.0 26.1 1.2
GDX-203 8653.5 62.3 2.3 80896.3 348.0 9.2
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