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Abstract

A novel setup of granulated microwave discharge electrodeless lamps (MDELSs) fabricated using vacuum UV-
transparent quartz envelopes was used for treating wastewater, which in the present case was an aqueous solution of
1, 4-dioxane. The granulated MDELSs were assessed in the self-ignition of the lamps on irradiation of low microwave
power and in the wastewater photodegradation. 1, 4-Dioxane was photodecomposed in a flow reactor containing 20
of such MDELSs. The photodegradation was analyzed by decreasing of 1, 4-dioxane concentration and total organic
carbon (TOC). A conventional rod-shaped MDEL and a commercial low-pressure mercury lamp electrode were used to
compare the performance of the novel granulated MDELs. The dominant performance of the MDELSs was established
by measuring the photodegradation rate per surface area of the irradiated wastewater and the applied electric power of
the lamps. The decomposition dynamics of 1, 4-dioxane was investigated further using the number of passes through
the flow reactor with the 20 MDELSs under 80 W of microwave power. The photodegradation of 93% was achieved by
passing wastewater through the flow reactor three times. Photodegradation intermediates were analyzed by the LC-MS
technique. Basically, the photodegradation of 1, 4-dioxane occurs by the “OH radical attack of the ring, which then leads
to ring opening.

Keywords: Granulated microwave discharge electrodeless lamp; MDEL; Microwave; 1, 4-dioxane;
Photodegradation
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Fig. 1 (a) Photograph of the global experimental setup showing the MDELs device placed in a single mode microwave apparatus; Sketch for the
location of (b) granulated MDELSs and (c) rod MDEL inside the MW/UV reactor and the waveguide with the metallic condensing cone to

concentrate the microwave.
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Fig. 2 Vacuum-UYV, UV, visible and near-IR wavelengths emitted
by the granulated MDELSs under microwave irradiation.
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Fig.3 Photodegradation of 1, 4-dioxane by using twenty
granulated MDELSs, a rod MDEL and a commercial low
presser Hg lamp light sources.

-

&0

g

@}

S Granulated

1k a
MDEL
N 1 P 1 N
0 10 20 30

Irradiation time (min)

Fig.4 Decrease of total organic carbon (TOC) for
photodegradation of 1, 4-dioxane.
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Table 1 Decrease rate of TOC for the 1, 4-dioxane using the twenty granulated MDELSs, a rod MDEL and a commercial low pressure Hg lamp

light.
Grﬁgﬁed Rod MDEL | Hg lamp
Dec(rlflagsj?ﬁtliﬁf_g 0c 0.334 0.117 0.010
Decrease rate of TOC per gn_lt sul_rface area of lamp 711%x10% 249%10° | 0.17x10%
(mg-L1 min'-cm?)
Decrease rate of TOC per upl‘F apphed electric power 418X 10° 073%10% | 0.40x10%
(mg°L leminl- W)
ETEI/OH [flV/O
O O O/
VvUV/UV 1,4-dioxane-2-ol 1,4-dioxane-2-ol ethylene
T glycol T T CO;
‘OH
O

1,4-dioxane

1,4-dioxane-2,3-diol

0~ OH S

1,2-diformyloxyethane

Fig. 6 Photodegradation mechanism of 1, 4-dioxane.
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Fig. 5 Photodegradation of 1, 4-dioxane against pass through the
twenty granulated MDELs under microwave (80 W).
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