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ARTICLE INFO ABSTRACT

Article history: Nanostructured -Gaz0s with a needle-like structure was synthesized by a polyvinyl alcohol (PVA)-
Received 31 March 2013 assisted hydrothermal method and subsequent heat treatment. It has a high specific surface area
Accepted 6 May 2013 (25.95 m?/g) and large number of nanopores (4-25 nm), and it exhibited good photocatalytic activ-

Published 20 August 2013 ity for perfluorooctanoic acid (PFOA) decomposition in pure water unde UV irradiation (A = 254
nm). PFOA had a half-life of 18.2 min, and the first order rate constant (2.28 h-1) for PFOA decompo-
sition with the needle-like $-Gaz03 was 7.5 and 16.8 times higher, respectively, than with commer-
cial Ga203 and TiOz (P25). In addition, in combination with vacuum UV (VUV) irradiation (A = 185
nm), the needle-like $-Ga203 showed high activity for the removal of trace PFOA in both pure water
and wastewater, with first order rate constants of 4.03 and 3.51 h -1, respectively. The adverse effect
that coexisting natural organic matters in wastewater have on the decomposition of PFOA was
mostly eliminated with VUV irradiation, and the energy consumption in this method was much less
than the values reported for other methods in the literature.
© 2013, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.
Published by Elsevier B.V. All rights reserved.
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1. Introduction and wild life has increasingly attracted worldwide concerns.

Due to its wide application in consumer products and in-

Perfluorooctanoic acid (PFOA, C7F1sCOOH) is an emerging
persistent organic pollutant that belongs to a class of fully
fluorinated hydrocarbons known as perfluorocarboxylic acids
(PFCAs, CnF20+1COOH). Due to the strong carbon-fluorine
bonds, PFOA is extraordinarily stable thermally and chemically.
As aresult, it is widely used as a surfactant and fire retardant in
various industrial fields. Owing to its environmental persis-
tence and bioaccumulation, it has been extensively reported
that PFOA is now globally distributed in world waters, animals
and humans [1-5]. Toxicological studies have demonstrated
that exposure to PFOA can lead to developmental and repro-
ductive toxicity problems, liver damage, and possibly cancer
[6-8]. The potential hazard that PFOA poses to human health

dustrial manufacture [9], PFOA and its precursors have been
widely released into nature, particularly from wastewater
treatment plants [10,11]. PFOA resists most conventional
treatment processes including biological degradation, and oxi-
dation and reduction methods [12]. Recent studies showed that
special techniques such as thermolysis [13], ultrasonication
[14,15], and photochemistry approaches [16-19] can decom-
pose PFOA in aqueous solution, but these also have serious
drawbacks, such as severe operation conditions and high en-
ergy consumption. Among the potential methods for PFOA de-
composition, heterogeneous photocatalysis is attractive for its
low energy consumption and high efficiency for completely
degrading various kinds of organic contaminants. However,
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TiOz, which is the most widely investigated photocatalyst,
showed very low activity for PFOA decomposition under mild
conditions [20]. Fortunately, our previous research has shown
that other semiconductors, such as (3-Gaz03 and In203, can de-
compose PFOA, and their activity can be further enhanced by a
proper synthesis strategy to give nanostructure materials
[21-23].

Here, we synthesized Ga203 with a needle-like nanostruc-
ture. The needle-like 3-Ga203 was prepared by a polyvinyl al-
cohol (PVA)-assisted hydrothermal method followed by calci-
nation. The prepared materials exhibited remarkable photo-
catalytic activity for PFOA decomposition in pure water as well
as municipal wastewater.

2. Experimental
2.1. Preparation of needle-like Ga:03

All reagents were analytical grade and were used as re-
ceived. Gaz03 was synthesized by a hydrothermal method fol-
lowed by calcination. In a typical procedure, 2 g (5 mmol) of
Ga(NO3)3-xH20 and 0.1173 g of PVA (Mw = 22000) were dis-
solved in 20 ml pure water, and the pH was adjusted to 6.4
using NaOH solution. After heating at 90 °C for 10 min, the
mixture was transferred into a 25 ml Teflon-lined stainless
steel autoclave and maintained at 200 °C for 8 h. After the auto-
clave was naturally cooled to room temperature, the white
precipitate (precursor of Ga203) was collected by centrifugation
and washed with ultra-pure water and ethanol three times.
Then the white precipitate was dried at room temperature for
12 h. Gaz03 powder was obtained from the precursor by calci-
nation at 700 °C for 2 h in nitrogen (heating rate 1 °C/min).

2.2. Characterization

X-ray powder diffraction (XRD) patterns were obtained on a
PANalytical X'Pert pro diffractometer at 40 kV voltage and 200
mA current. The morphologies of the samples were observed
using a Hitachi S-5500 ultra-high resolution field emission
scanning electron microscope (FESEM) performed at an accel-
erating voltage of 5.0 kV. Transmission electron microscopy
(TEM) images were taken on a JEOL JEM 2010F microscope at
an accelerating voltage of 200 kV. The diffuse reflectance ab-
sorption spectra (DRS) of the samples were recorded by a Shi-
madzu UV2700 UV-Vis spectrophotometer. Nitrogen adsorp-
tion isotherms were obtained on a Quantachrome Auto-
sorb-1MP instrument.

2.3.  Photocatalytic decomposition of PFOA

The photocatalytic decomposition of PFOA was conducted
in a tubular quartz reactor under ultraviolet irradiation. Two
kinds of low pressure mercury lamps (14 W, Cnlight Co. Ltd.,
China) with the same electric power, appearance, and size were
alternatively used. One only emits 254 nm UV light (hereafter
referred as UV), and the other emits 254 nm UV and 185 nm
vacuum UV light (hereafter referred as VUV). The UV or VUV

lamp was placed in the center of the reactor with a two-layer
quartz tube protection. In a typical experiment, 150 ml of PFOA
aqueous solution (Co= 500 pg/L) was prepared by diluting the
stock solution in a beaker. Photocatalyst (0.075 g, 0.5 g/L) was
added in the PFOA solution and stirred for 1 h. Then, the sus-
pension was added into the reactor, and oxygen gas was con-
tinuously bubbled in at a flow rate of 60 ml/min for 10 min
before the lamp was turned on. The reaction temperature was
maintained at 25 °C with a cooling water jacket around the
reactor. At regular time intervals, aliquots of solution were
taken and filtered with 0.22 pm ultrafiltration membrane to
remove the photocatalyst powder. The filtered samples were
kept at 4 °C for analysis.

The concentrations of PFOA and its decomposition products
were measured with a Waters Acquity UPLC system coupled
with a Waters Micromass Quattro Premier tandem quadrupole
mass spectrometer. The multiple reaction monitoring mode
(MRM) was used for the quantitative analysis of PFOA and oth-
er shorter chain PFCAs. The separation column was a Waters
Acquity UPLC BEH Cis column (2.1 mm id. x 50 mm, 1.7 pm
particles), and the column temperature was set at 50 °C. The
concentration of fluoride ion (F-) was determined by an
ICS-2000 Dionex ion chromatography. The sample was injected
into an IonPac AS11-HC column (4 mm x 250 mm) with an
IonPac AG11-HC guard column (4 mm x 50 mm). A mixture
solution containing 3.2 mmol/L Na2CO3 and 1 mmol/L NaHCOs
was used as the mobile phase at a flow rate of 1.0 ml/min.

3. Results and discussion
3.1. Crystal phase of Gaz03

The XRD pattern of the final product synthesized by the
PVA-assisted hydrothermal process and subsequent heat
treatment is shown in Fig. 1. All the peaks can be indexed to
-Gaz03 (a = 12.2270, b = 3.0389, ¢ = 5.8079, JCPDS 41-1103)
with no observation of other crystal phases. The peaks were
sharp and narrow, indicating a high crystallinity for the sam-
ples.
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Fig. 1. XRD pattern of the Ga203 sample.
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Fig. 2. Low (a) and high (b) magnification SEM images of the -Gaz03
nanostructure.

3.2.  Microstructure of Gaz03

Figure 2(a) and (b) are typical SEM images of the (3-Gaz0s.
The low magnification image (Fig. 2(a)) showed a needle-like
morphology with a fairly uniform shape and size. Further ob-
servation with the high magnification SEM image (Fig. 2(b))
showed that individual needles have a length of 3-6 pm and a
width of 100-200 nm. The surfaces of the needles were rela-
tively rough due to dehydration shrinkage during calcination.

The needle-like structure of the -Ga203 was further con-
firmed with TEM (Fig. 3(a)), which also showed that the Ga203
particles were well dispersed without agglomeration and had
widths of 100-200 nm. The inset in Fig. 3(a) shows the selected
area electron diffraction (SAED) pattern of an individual
nano-needle. The presence of obvious discrete spots revealed
that it was single crystalline. A high magnification TEM image
(Fig. 3(b)) of a nano-needle segment marked in the inset of Fig.
3(b) showed a clear lattice fringe with a lattice interplanar
spacing of 0.152 nm, which corresponds to the (020) crystal
plane of B-Gaz0s. The lattice fringes revealed that the
nano-needdles were elongated in the [020] direction.

3.3. Specific surface area and pore size distribution of Gaz0s3

The Nzadsorption isotherm and pore size distribution of the
needle-like Ga203 are shown in Fig. 4. The isotherm is type IV
with a hysteresis loop, indicating that the sample has a meso-
porous structure. The pore size distribution (inset in Fig. 4)
obtained from the isotherm indicated the existence of a number
of 2-4 nm pores and 6-25 nm pores. These pores were proba-
bly due to the stacking of nano-needles and dehydration
shrinkage during calcination. These pores increased the surface

& nm

Fig. 3. (a) TEM image and corresponding SAED pattern (inset in right
upper corner); (b) HRTEM image of the rectangle region (inset in the
left bottom corner) of the needle-like Gaz0s.
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Fig. 4. N2 adsorption isotherm and pore size distribution (inset) of the
needle-like Ga20s.

area of the material. The BET specific surface area of the nee-
dle-like Ga203 was 25.95 m2/g, while that of commercial Ga203
is 11.5 m2/g.

3.4. UV-Vis absorption spectrum of Gaz03

The UV-Vis absorption spectra of the needle-like Gaz03 and
a commercial Gaz03 are shown in Fig. 5. Both samples had ob-
vious absorption in the ultraviolet zone ranging from 200 to
380 nm. The needle-like Gaz03 showed a slight blue shift in
comparison to the commercial Gaz03, which may be due to the
quantum confinement effect in the nano-sized material. From
the plots used to estimate the band gap energy (inset in Fig. 5),
the band gap energies for the needle-like Gaz03 and commer-
cial Ga203 were 4.68 and 4.57 eV, respectively.

3.5. UV photocatalytic decomposition of PFOA in pure water

A series of comparative experiments were carried out to in-
vestigate the photocatalytic activity of the needle-like Gaz0s3,
commercial Ga203, and P25 TiO: for the decomposition of PFOA
in pure water. The aqueous solution of PFOA (500 pg/L) was
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Fig. 5. UV-Vis absorption spectra of needle-like Ga;03and commercial

Gaz0s, the inset showed the plots of (ahv)? versus the energy of light
(hv).
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Fig. 6. PFOA decomposition versus time under UV irradiation in pure
water by different photocatalysts.

irradiated with the 254 nm UV lamp. The initial pH value of the
PFOA solution was about 4.8, which was not adjusted during
the whole process. As shown in Fig. 6, after 3 h, 3.2% PFOA was
degraded by the direct photolysis of 254 nm UV light. PFOA
decomposition by P25 TiOz was also insignificant under this
mild condition, and only 24% PFOA was decomposed in 3 h. In
the presence of the commercial Gaz03, the decomposition of
PFOA in 3 h was increased to 38%. However, when the nee-
dle-like Ga203 was used as the photocatalyst, the decomposition
rate of PFOA increased dramatically, and PFOA was completely
decomposed within 1 h. The PFOA decomposition under vari-
ous conditions was fitted well with pseudo-first order kinetics.
As shown in Table 1, the rate constant for the needle-like Gaz03
was 2.28 h-1, which was 7.5 and 16.8 times higher than those of
commercial Gaz03 and P25 TiOz, respectively.

The excellent performance of the synthesized Ga:03 for
PFOA decomposition can be attributed to its unique bonding to
PFOA, which is similar to that between In203 and PFOA. This is
beneficial for PFOA decomposition by photogenerated holes of
the photocatalyst under UV irradiation [23]. Thus, compared to
TiOz2, both the commercial and needle-like Gaz03 exhibited bet-
ter photocatalytic activity for PFOA decomposition. Meanwhile,
the needle-like Ga203 showed remarkably higher photocatalytic
activity in comparison to the commercial Gaz03 because the
larger surface area of the needle-like Gaz03 provides more ad-
sorption and reaction centers.

Besides the fluoride ion detected as the final product during
PFOA decomposition, shorter chain C2-C7 PFCAs were also
identified as major intermediate products by UPLC-MS/MS. The
time change of the intermediates and fluoride ion concentra-
tions during PFOA decomposition is given in Fig. 7. The amount
of C7 PFCA, i.e, PFHpA, increased to a maximum in 30 min and

Table 1
Reaction rate constants and half-life times of PFOA under UV irradia-
tion.

Sample k/h-1 R? ti/2/min
Needle-like Gaz03 2.280 0.940 18.2
Commercial Gaz03 0.303 0.992 137.3
TiO: 0.135 0.957 308.1

140 -

120
< 1001 <
. S
g 80j g
T ogof 5
L [}
40 -

20}

oL —

I ' T T T T T T T T T I
0 30 60 9 120 150 180
Time (min)

Fig. 7. Concentrations of short chain intermediates and fluoride ion
produced during PFOA decomposition versus time under UV irradia-
tion with needle-like Gaz0s.

then gradually decreased with reaction time. PFHxA followed a
similar trend, except that the time at which it reached its max-
imum concentration was 60 min. The concentrations of other
shorter chain PFCAs were low and no more than 10 pg/L,
though they increased during the 3 h reaction. The shorter the
carbon chain, the lower was its concentration. These charac-
teristics strongly suggested the stepwise cleavage of the PFOA
carbon chain during its photocatalytic decomposition [24].
Simultaneously, fluoride ions in the aqueous solution were
detected, which increased with time. After 3 h reaction, the
defluorination ratio reached that 58%, which means 58% of
organic fluorine had been transformed into inorganic fluorine
in3h.

3.6. VUV photocatalytic decomposition of PFOA in pure water

VUV (A < 200 nm), a kind of UV light with a short wave-
length and high energy, can photodissociate water into a H
atom and HOe radical and directly photolyze organic pollutants
[25]. The PFOA solution (500 pg/L) was irradiated with a 185
nm VUV lamp in the presence of the needle-like Gaz03, com-
mercial Ga203, and P25 TiOz. As shown in Fig. 8, by direct VUV
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Fig. 8. PFOA decomposition under VUV irradiation in pure water with
different photocatalysts.
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photolysis, PFOA was decomposed to less than the detection
limit within 3 h of irradiation, indicating the ability of 185 nm
VUV to directly decompose PFOA. When the commercial Gaz03
was used together with VUV, no significant improvement oc-
curred as compared with VUV photolysis. When P25 TiOz was
used together with VUV, the decomposition of PFOA was 92%
in 3 h, which was lower than that by direct photolysis. This was
because TiO2z suspended in the solution absorbed and scattered
VUV light, while the activity of TiOz2 for PFOA decomposition is
low. However, when the needle-like Ga203 was combined with
VUV irradiation, the rate of PFOA decomposition was signifi-
cantly enhanced, and PFOA completely decomposed within 40
min, with a half-time of 10.3 min. The decomposition rate con-
stant was 4.03 h-1, which was 1.77 times that under UV irradia-
tion. The improved decomposition efficiency of PFOA under
VUV light irradiation can be attributed to the ability of VUV to
direct photolyze PFOA. The combination of VUV light and
nanostructured needle-like Gaz03 further significantly im-
proved the decomposition efficiency for PFOA. The energy
consumption of this method was 94.6 kJ/umol, which is much
lower than those of other methods. Among the reported meth-
ods to decompose trace PFOA in water, sonolysis has the
shortest half-time, which is 15 min (PFOA = 200 nmol/L), while
its energy consumption is 1300 k] /umol [12].

3.7.  Photocatalytic decomposition of PFOA in sewage

To validate the feasibility of the needle-like Gaz03 to de-
compose PFOA in actual wastewater, in which coexisting com-
pounds may reduce decomposition efficiency, we investigated
the decomposition of PFOA added into a secondary effluent
from a municipal wastewater plant. The total organic carbon
(TOC) concentration in the effluent was 18.9 mg/L. Its pH value
was adjusted to 4.8 with HCl in order to compare the decompo-
sition of PFOA with that in pure water. The blank experiment,
i.e. direct VUV photolysis, was carried out under the same con-
dition without a photocatalyst. Figure 9 shows the time change
of PFOA concentration in the wastewater degraded by the nee-
dle-like Gaz03 under UV and VUV light. Under UV light, the de-
composition of PFOA in the wastewater was obviously retard-
ed. It took 160 min to completely degrade PFOA, which was

1.0 X
o

—e— UV + needle-like Ga,03

»

S —o—VUV + commercial Ga,0;
o\ —o—VUV + needle-like Ga,05
A —Aa—VUV

CIC,

\\§
02| O\O

0.0 7 . I ‘\Q . I . \‘\Y\-‘ $

0 30 60 90 120 150 180
Time (min)

Fig. 9. PFOA decomposition in sewage water under different conditions.

much longer than the time needed with pure water (60 min).
The lower decomposition rate of PFOA in the secondary efflu-
ent can be attributed to the influence of coexisting organic
matters, which competitively adsorb on the surface of Gaz0s.
The direct photolysis rate of PFOA by VUV light was also re-
duced, and only 92% of the PFOA was decomposed after 3 h of
irradiation. When VUV was combined with the commercial
Gaz0s, the decomposition after 3 h was slightly increased to
95%. When using the needle-like Ga203 as photocatalyst under
VUV irradiation, PFOA was completely decomposed to less than
the detection limit within 65 min, which was a significant en-
hancement as compared with VUV photolysis and commercial
Gaz03/VUV photocatalysis. The high efficiency of the nee-
dle-like Ga203/VUV system for PFOA removal from wastewater
was not only due to VUV irradiation, which eliminated the ad-
verse impact of coexisting organic matters, but it should also be
attributed to the unique catalytic activity of the nanostructured
Gaz03 to decompose PFOA. The corresponding reaction rate
constant was 3.51 h-1 (the half time was 11.8 min), which is
much higher than the values reported in the literature. For
example, Li et al. [23] added ozone to decompose PFOA in
wastewater (TOC 18.9 mg/L, PFOA 30 mg/L) using In.03/UV
photocatalysis and observed 80% PFOA degraded after 4 h. Giri
et al. [26] degraded PFOA in wastewater (NPOC 3.5 mg/L,
PFOA 2.43 pmol/L) by VUV photolysis, but only 34% PFOA was
degraded after 4 h. Moreover, the energy consumption to de-
compose PFOA in wastewater by the needle-like Ga203/VUV
was 108.6 k] /umol, which is much less than the values for other
methods reported in the literature. For instance, Cheng et al.
[27] tested the sonochemical degradation rate of PFOA in
groundwater (TOC 20 mg/L, PFOA 100 pg/L) and reported that
the reaction rate constant was 1.26 h-1 and the energy con-
sumption was as high as 4099 k] /pmol.

4. Conclusions

A needle-like nanostructured -Ga203 was synthesized by a
hydrothermal method followed by calcination. The needle-like
Gaz0s3 has a specific surface area of 25.95 m2/g and a large
number of pores (4-25 nm). The needle-like Gaz03 exhibited
remarkable photocatalytic activity for PFOA decomposition.
Under 254 nm UV light, the half-life of PFOA decomposition by
the needle-like B-Gaz03 in pure water was 18.2 min, and the
corresponding first order rate constant was 7.5 and 16.8 times
higher than those of commercial Gaz03 and P25 TiOz, respec-
tively. When the needle-like Ga203 was used as the photocata-
lyst under UV irradiation to degrade PFOA in wastewater, co-
existing compounds in the wastewater significantly inhibited
the photocatalytic decomposition of PFOA. However, in combi-
nation with VUV light, the needle-like Gaz03 efficiently decom-
posed PFOA in wastewater, and the energy consumption of this
method was much less than those of other methods reported in
the literature.
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i PFOAK 2 I 2 T 11 9 18.2 min, PFOA ) — ¢ i 7 B i 5 7 2 2,28 Y, 43 3l 7 i Gap O3 R TiO E Jhy i Ak 71l ) 7.5 11
16.81%. BLAk, HUKENIR Ga,0:5 H 45 K 4N (4 = 185 nm) &5 & i, AN ] LLSH ) 355 i 4 A &l 7K R T PFOA (S B33 3R 5 %4.03
hY), T ELBEA 20 B R K S5 A B R s, AT i 2 2 AR K IPFOA (i 6 %53.51 hY), HL 7 i i B AR m i T
SCHRARIE ) HoAth 5V K e FEAE.

EHEIR: YURMRL EALER; SRCERR, Jefitfh; BASRAME
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kA5 B i 2013-03-31. # % H #1: 2013-05-06. H Jx B #1: 2013-08-20.

*EAEE A AL WiE: (010)62796840; £ E: (010)62797760; W F 1z 45 zpy@tsinghua.edu.cn

HAKIE: BFREREF 421177071, 21221004); E K & & L8 % & BT 2197311 %], 2013CB632403).

AR SCHy 3E S W, F iR i Elsevier ) it 7E ScienceDirect_E H Jif (http://www.sciencedirect.com/science/journal/18722067).

1 =z

1]

i

A TR (PFOA, CoF1sCOOH) R IT4E K 52 iE
S TR R AW (Perfluorocarboxylic acids, PFCAs), C-F
B (10 2 ] 1) 45 2 A5 75 PFOA B A 1R R ) Ak 27 A 52 P T
e . PROA ) Fa s g 7K g g 4 45 L T3z I
Tl it AR Y B AR A, A2 AR, AR
SERRAE S EROKIS . SR AR i 17 A0 B g
BALERE . HEMEAEE T AR REEEANS
WAT-PRAE 25 2 b 25 A0 AT R 1) S0 P8, 2 —Fhoxt
4 By Z AN B A TRV IR TS G, FOO PRI AN A4 fi
R IV TE B 51 R 12 R

PFOA = £Z3d i T A 7 o 58U SR P 1A o A0 A R
TR R BT A O R T R K HER M,
PFOARIAEW) . b2 A ahvge e v, % B AR B8 77 2 an A
WAL SRR LT3k o LA L P T, PROA B it 5
A R R BRI R A R i SR Y gk 2y 16
S S AR TR AR BT R AR R AL B AL
527 °CH sl AT AR S BE, EA FFE R B =T
(R R T B AR 2 AR 4 S TR 1) () o 5 222 [ B 4 o it
FH RIS B BRI 50, A iy DG Sk PR A P2 1, e 7 Bf
)KL e by vl 7R IR R0 VR AR T B 22 B ALTS e,
R R 9 B TRO A 771 36 AR 4 U2 R 25 470 ot 11 3
ARPOL FRATTHT AT 7T & I, B-GayOa FlIn,O5 M 1 %
fif A SR BRI (103 Ve v T THO,, (H LML TE A A
IR P2 R SRR 2 B (PVA) S B K % A A
T GIRENIR Ga 04, FHLAE S AN T RE a1 28 B i 4l K A1 1%
KH FIPFOA.

2. SWED

2.1, EUFIRHIE

112 g (5 mmol) Ga(NO3)s-xH,O¥Af#7E20 mizk i1, 4%
J& hnN0.1173 g PVA (My = 22000), I NaOH if 5 pH %=
6.4, ¥ VRTE0 °C T /K I FAL0 min, ZEPVATE & .
W DA % 2025 mIZR VU SR K e R, S5 5T
BAEE R T A R, T200 °C N {458 h, 2R 5 B SRAHI
EEWR, HENTWEOSE, S & AUK AR K
BEWE3VK, Frfe (A O EARYE =3 N T2 h, T 5 R

KE T, ZENH LLL °C/minF+ 22700 °C, FH7E 1
T FRR2 hE 4.
2.2, EWFIRFRAE

FI X 5 £ A 51 4% (XRD, PANalytical 2& & X’Pert
PRO MPDZY) 7 £ I AH, 45 i 240 KV, & FLIR
200 mA. KR L (SEM, HitachiZA 7] S-55007)
AN B85 (TEM, JEOLA AJEM  2010F Y)W 8L E 5 fr) 5
RT3, 0% R 43 1) 5.0 KV AT200 KV, SR i B A
Y BRI h-1] WA a6 FE T (5 2 "l UV2700 2 )il ik
BE S0 W W e PR . SR A BG 3R Ti AR I A 4 (BET,
Quantachrome 2 @ AUTOSORB-1MP 7 ) 3% £ i [ N,
W A - Pt Pt 55 ot 2.

2.3. FHENPFOAMERRR R

AL R AREPFOA S N TE IR 3F T S B4 HR AT
23 3 FH 2R AR IS R AT (14 W, T 55 345 A =) A UA:
(1) &4t 254 nmER AN I KT, fEIRRUVAT; (2) K 54254 nm
SEHNL AN, I HE R ST/ B 185 nmEL S £ AR (4 < 200 nm
R AN ER) AT, TEIRRVUVLT, 1538 AR A0 R ST 35— 28
JEUEE T B2 1 b ], G e RS R NI A
B EURCHR ON ES R E S D S R SRR S S FL R N
B RV, IEN60 mi/min. S g8 AR e 2 K B
TN VA K DA ] SR AE 2 T (25 °C) R kAT, [
I, 5E450.075 gyt AL 7 21150 ml (1] PFOA /K ¥ i
(Co=500 pg/L)H, i FEL hig, K IR & i N6 I N 2%,
B SARL0 minfg L AT, — 2 i8] 18] B BUORE, FH0.22
umyE B, BB JE A S ORAELE4 °CARl.

PFOA & Ho 45 55 4 HUR R (Co—Co) A P~ 0K R 20
AR € 1843 - B B 5 1 A% (Quatto Premier XE, Waters)
BEAT S50 5 58 B . RA 2 O T (MRM) 5 =X gk
1T BArHT. 4r B A NAcquity UPLC® Beh C18#:(1.7
um, 2.1 mm i.d. x 50 mm), A:3550 °C. KAl A H S
2% 1 B8 1 0,15 4X (Dionex  1CS2000) 73 4T 41 25 1, B &
i it lonpac® AGL11-HC f& 4 #% (4 x 50 mm) 1 lonPac®
AS11-HC column4y &4 (4 mm x 250 mm) #4743 B, k
1530 °C. ¥k ¥k ¥ N % 3.2 mmol/L Na,CO5 1 1 mmol/L
NaHCO;HI 7K, itiE 1.0 ml/min.

3. ZER5ITR
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3.1. Ga,0:H9&H

B LK #2122 700 °C N #42 h 5 B 5 (9 XRD 1
A LUE W AR S B R4 R, R Al
B-Ga,O; it/ (a = 12.2270, b = 3.0389, ¢ = 5.8079, JCPDS
41-1103), %A KNI E R TAELE.
3.2. Ga,0:895%

K2 N B-Ga, 03 it HISEMEE . i AT L, A df
P it WS 48 AR B TR, e RSE e A 38 &0, o B B, K
3-6 um, $£100-200 nm, HT-Mobe i 72 A i i K W4,
Al 2 1] LR R

B-Ga 05 it 121 fif SEM B (I & 2(b)) FI TEM &t
(WL I3 (a)) it — A IR S it it 4y HOVE SR B, VA I 2 1) 14
%, %100-200 nm, Ay ¥4 vty WS 4 I GRoK BT AR 4544 BE4b,
B A 26 X T T S (SAED) I8 2 B & B 1Y Ga, O BE
s LA ERL S 5 AL, TE IR AT S B AR B PR B R
ghim e, EI3(b) A AR 4 oK W I iy (4 11 7 A Ao ) 1)
HRTEMIE . 7] LA B4 KAET 2 I8 I (1 di i 2k 4L, 28
BT 90K B AR K 7 19 19 8 TH ] BE 4 0.152 nm, X B
B-Ga,03 (020) §h 1, JiIlf LA 4% (1) B-GagOa 2N KAt il 77 [
5020177 [6°F47, 15 B B-Ga,0a 44 KA1 [020] 7 i) A= K.
33. Ga,O:MttRERSFLHH

P14 GapOah¥: i 117N B - Fd B <523 it 26 AL A%
A, BB, TR B AR LR NIV, HLA A B ER, 1B
T 13 Ga, 08 i A N fL. B LR H, FEf & H D &4
nmZc A5 LA K 6-25 nmffL. X L] fE 2 T A E
T2 v Gap O HIF I A48 it 7K AN A 770 HERRUE 1T, A8 45 b
(1 B2 T A8 K 25.95 mPlg, 1T 7 i Gay 0,1 L 2 T
#(11.52 m?/g).
3.4. Ga,0;8IUV-VislR Uitk

KI5 N 4 KA IR Ga O AT R i Ga 05T UV-Visil.
] WL, #-Ga,04FF i ££200-380 nm A 3 1 & (Wil H:
HR ST R Ga O ity 1 R WSO BE B 5 A% . X H T
P RST gk N T 28 IR B RO ORI 8. el IS A
i hv-(ahv)? 56 R T A, £11R Ga 05l 7 i Ga O ) 25 47
B FE 43 99 N 4.68 14,57 eV,
35, UVHTZKFPFOARI L P& AR

6 MUV T H il £ 1R Ga,0s, i il Gay0s, TiO,,
(Degussa, P25)Fl174 A Y AL TS 1 T 2li7K  PFOAT B4
fif 1 L. 4K HPFOAK B 9500 ng/Li, pHAA £°44.8,
AR FE A AR A pH. B E R, R BOIe k5
i, N3 hJE 2145 3.2% 1 PFOARE 43 filt; LATIO AL
FIIT, 3 i £124%; {ER it Ga,0: AL T, N3 hJE

PFOA [ fiff 2215 $1138%, TN A5 H £k Ga 050F, M1 hJm
PFOA FEfif: 21 Al FR AT, B Ak 28 K4 7.
TEAFMEAFIE T 27K R i 2 PFOA R [ fif L A
BAEI— RSB 112, R LFTR, B HlE IR Ga,05 1
SN RN 2.28 T 432 B i Ga, 03 F1 TiO, 7.5
F116.81.
Ga,O5 % PFOA [ fifi 1) e 7 14 W] A DR T 2R A0L T [R] &%
[ 2 S 4K 1,05, Ga,0; 5PFOA A R 4E & i, A
FF ek 2 U5 PFOA B 45 e 23 [ I, 4h K Bk
Ga,0. LA BN I L R ARIGNKR LA M. KR
FRRE i 4 AL T8 22 (10 WS B AR S5z I8 3 1k A7, R T B T o
Ga, O A 5 i L AL PERE.
UPLC-MS/MSH Il 5 5 2% B, PFOARE fift (1) 3= %2 v
(] P= ) 27/ iR T I R B A UR IR TR TEGK
EFIR Ga Ot AL FRIME I T, 1 e 5 i A UR R =4
o B B S B2 [R) A8k, PR AT AL, S TR AE I, 4
BRIR (PFHPA) K JE 3 K e bR, [ RE30 minBlik i KAE, 2
J5 BT AR, 7E SN 3060 minla], B % PFHpAIK FE ik
FEAR, 425 LR (PFHXA) 19 FE LR 3G K, 60 minik ik
{ELJG FRAR, LB R BE R IR P VR FEAE IUNE3 h N 5 B I
(1) 18 S K T 32 T 184, AL BE #ARAIS, /110 /L, LBk
BERRAE, VR AT, B0k AT L, PFOAF BE fift 2 14 18
B R CF Bt AT P, 7R T R TRl %
JSLEN [A] FEI AR 4K, 7EPFOARE M I [RIET, 625 194 5 B I B
FF ) P9 38 0 T AS W38 o, 75 4K IR Ga, 051 H R M3
hJ&, PFOA i i 8 ik 158%, RI58% 1A MLk N T
GIE Y=
3.6. VUVETEKFPFOART S (L FERR
VUVt < 200 nmf 5408, HotFREEE K, B
G T B CREE  ANTE ), B 7K R R A 5 A AL
PR ERSE B I HO)PL fFEVUVIE(A =185 nm) T, 4t
RGa 05+ 1 11 Ga O M TIOMEAL P AR 217K H IIPFOA, J
L gh 8. BT LUE H, AN LRI, R BRI hP,
PFOA (500 pg/L) % i 2 IR LR, B BIVUV AT i 245
fEEPFOA; 4 57 il Ga,0545 4 I, PFOA [ fift 18 3 7
KRR, 5 TiO L &, I3 hjg PFOA B4 fift
2 M P 2292%. X 3 ZE 0t T 87 I IO SCRI B
T VUV, WD T RO e i, BLTio A &
HEAG FE AR PFOATE Tt A i T B, 24 LK IR Ga 05
FEALTRIIT, 40 min A PFOARE fif Bl R LA R, 22 14
10.3 min, X % N4.03 h ™, RUVIE FILT74%. W I
T VUV R B B GMRPFOANIRE 71, TN Lgiksl
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RGa, 0% PFOAT mfAbii M, — 3 25 & B 8 N v R
B AEPFOA. 9K S IR Ga, 05 F% fif 4l 7K HH PFOA R BEFE N
94.6 kd/umol. VecitisZ5 MR Fi i 75 4 fig K i i PFOA
(RT3, 7 g 11 2 52 W B 45 9 15 min (PFOAIK i
200 nmol/L), AH . ) §E & 74 #6 91300 kd/umol.
3.7. FHIREEEIT R K RPFOARY S HE 1L P R
R I 90K A IR Ga0 5% S Bk K 7K HHPFOAK]
B AR AU, FRATTDAIR T ¥ /K A 3T AR ) A 38/ 1 H 7K N
J& 7K (TOC 18.9 mg/L) Fic 1 500 pg/L ¥ PFOA J J37 1% Wi .
N TR, W pHIR I 4.8, 9 AUVIERIVUVIE T
B IR Ga 04 F1 7 it Ga O % fif & 7K H PFOA 1) 5 . 45 L .
BRI, FEUVOE T, BAGKEIR Ga 05 A i A 711 i
160 minJ&, PFOA A RE B Sl ks I R LR, & T B fig 4 7K
HHPFOAI1)60 min, 1X & T B 7K o 3G WL W B £E
AL, 4 7 IEEALATEL FREHL, VUV E
fiEPFOA 3 hJ5 2 7K T PFOAR B fif 22 % 2992%. VUV
I 5 i i Gap03 45 & 1), 3 h i 11 B fift R AN 42 1=y $195%;
M 5%k Gay0545 &1, 65 min i & 7K F PFO AR fift B4
MR CAT, BEARSR B &, VUVIEAMBE R b g
PFOA, I& e A 28053 il Wi B b A0 770 2R THT BRI AL, £ 9h
KA IR Ga, 051k 5 H B PFOAR mrid Mk, A1 R — 28

IO R H HON3.51 (G FE 11,8 min), iz = T 0k IR
T8 PR R LIS P LA AR S 5 S UV T
1k B 7 1% 7K 7R [FIPFOA(TOC 18.9 mg/L, PFOA 30 mg/L),
S Ri4 hF& A 1580%, GiriZE P LAVUV G B iR % K i)
PFOA (NPOC 3.5 mg/L, PFOA 2.43 ymol/L), 3 h J& [% fi#t
RKAY34%. BEAN, GKEHIRGa,05 5 VUVEE & R K K
14 EPFOA BE4E $9108.6 kd/umol, Ti Cheng 251 jd 5
2k B fi# ) 7K IFIPFOA (TOC 20 mg/L, PFOA 100 pg/L),
SN R H HUN A1.26 h™, fEFE 144099 kJ/umol.

4., g

K HPVARH B K #3281 T 99K IR Gay0s, B B
AR LRI FLEE K. AH LT3 5 Ga 04 Fl
TiO,, % FF i X PFOA R B 1R 5 1 ' i 1 9% At v 1,
UV Hob Ak B A 207K HH PRO A S B2 Y- 32 11 418.2
min, — 2% S5 S 2 050 R T i Gap 0. I TIO M R A
FIET I 7.5F016.845%. 41 i A 1A 770 4 A P K P )
PFOART, H T H A A WL B AFLE T BRAR T 6 4k 5 AR
PFOAFJIE . 9K 51 IR Ga,0 FIVUV I I 45 45 7l & 15
VUV A R K e A HRIE -, AT s 280
ML B AR R 7K PR IRIPFOA, e REFEIE I MK T SCRR{H.
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