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VOC: Volatile Organic Compounds
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p-tert-bucinal DMP 4

eugenol o-phenylphenol
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di-isononyl phthalate (DINP)

di-isodecyl phthalate (DIDP)

1A o 0
0
di(2-ethylhexyl) phthalate (DEHP) f
u

tyl benzyl phthalate (BBzP)
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Wang LX, Zhang YP et al,, Chinese Science Bulletin, 2013, 55(15): 1469-1478.
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Hermann Fromme, et al., Environment International, 2007. Evelina Fasano, et al., Food Control, 2012.
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Lusting et al., Nature, 2006. Li et al. EHP., 2012; London et al., EHP, 2000;
Hauser et al., Occup Environ Med, 2005; Swan et al., Environ. Research, 2008
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*Bornehag et al., Environ. Health Persp., 2004,

«Jaakkola et al., Environ. Health Persp., 2006.
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Controlled temperature: 25.0 + 0.4 °C

Porous media based generator SPE column

MFC S e e
— NN " W=
Compressed air ::"...}L. / .‘,... . I
|
orousmedia—
> @ TROFOUSeSa— I G
/—

- -
- EA] . i .
— = | " N | k===
= wr ) ’
0) y

B .ﬂ—" r .". "
- '. .{. / i st I .. —t
./ i

Uncontrolled temperature: 13.7 £ 4.0 °C
- -

Experimental conditions:

« Carrier gas: air « Air sampling: SPE column

* Flow rate: 100 mL/min « Concentration analysis : GC-MS
19



AR =407
SR
 Temperature states
« Controlled (25.0 + 0.4 °C);

« Uncontrolled (13.7 & 4.0 °C)

« Materials of porous media

14 ppi honeycomb ceramics 20 ppi carbon sponges 30 ppi carbon sponges 40 ppi carbon sponges

 Types of PAEs
« DMP, DiBP, DEHP

20
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* Influence of temperature and materials

N

o

o

o

o
]

16000 -

12000 ~

8000 -

Gas phase concentration (ug/m’
S
8

R #4: 20 ppi carbon sponges (25.0 + 0.4 °C)

ARXJ #2: 14 ppi honeycomb ceramics (25.0 + 0.4 °C)
R #3: 20 ppi carbon sponges (13.7 + 4.0 °C)
R #1: 14 ppi honeycomb ceramics (13.7 +

p=0.00541

T
N 0=0.02853
Q9 ‘\\ |
o9 \\\\ I o I
250404°C & L %
maximum ' - ' g J ° N
'[ ooooooo \\\\“\\\ ° &\
75" percentile J- 0° -L

median

mean o P

l 25" percentile

minimum 137 i 40 OC

1 1 1 1
Carbon sponges  Honeycomb ceramics  Carbon sponges  Honeycomb ceramics

Controlled temperature Uncontrolled temperature

21



Influence of temperature on vapor pressure

Phthalates 15° C 20° C 25° C
OMP Vapor pressure (Pa) 1.11X 102 2.51X1072 5.67 X 10;2
Saturated concentration (pug/m?) 286.60 610.83 1335.63_
DIBP Vapor pressure (Pa) 9.50 X 105 2.19X 10 5.09 X 10+
Saturated concentration (ug/m?) 11.04 25.01 57.15
DEHP Vapor pressure (Pa) 1.82 X108 5.11X10® 1.42 X107
Saturated concentration (ug/m?) 0.0030 0.0082 0.022

SPARC on-line calculator (http://sparc.chem.uga.edu/sparc/)

Materials to guarantee stably generating

Y

Straight tubes

Cylindrical disturbed flow (more disturbancs

honeycomb ceramics carbon sponges
(HC) (CS)

Higher concentration and more stggle


http://sparc.chem.uga.edu/sparc/

* Influence of carbon sponges pore size

10 oS!
|

a1 Carry DMP drips out

E |

23000 1503 ‘ IL Larger error bar
\ § 41
0 - " - 0

A\

15000 - S 1 YR E
1+ DMP liquid drops

12000 -

o’g ~—

2 - I

s 7 2 Block inner holes

© ! .

= = Lower concentrations

& NN Mass holding in fillers \%j

8 6000 -

g

o

3

)

\
[ ) The most suitable filler
Larger \ /
N v 23

inner area increase
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Gas phase concentration (ug/m

Generating DIBP and DEHP stably (t-test)

A

_ - a
yg,l_a TI +b,| _0,1,2,...,n t: "
S(a)
600 - I
I
500 - -
|
400 - ,
L —
300 - I
” '
’5 - | —8— #7-1: 30 ppi carbon sponges (DiBP-1)
i —&— #7-2: 30 ppi carbon sponges (DiBP-2)
20 4 . —A—#8-1: 30 ppi carbon sponges (DEHP-1)
15 - I —w—#8-2: 30 ppi carbon sponges (DEHP-2)
10 - ,
5 -
0+ |

0 50 .100 150 200 250
Time (hours)

S(3)=

Z(yy y

\

(n-2)§(ri-f>2

if to_os/z(n_z) > t: stable

Sample | 15 o502 E] b S(a) t
#7-1 2.6 0.2 3095 1.2 0.2
#7-2 2.8 0.0 3299 2.2 0.0
#8-1 3.2 0.0 2.5 0.0 0.0
#8-2 4.3 0.0 2.3 0.0 0.0

Generations of DiBP and

DEHP are stable

| « Controlled temperature

« 30 ppi carbon sponges]

24



* Generating DIBP and DEHP repeatedly

m§400—
(@))
o 3 3BLI— — — —3=
)
c C L
5-% I DiBP
S 5 oal |
g B
§ DEHP
#7-1 #7-2 #8-1 #8-2
First Second First Second
« Controlled temperature « Test generating

30 ppi carbon sponges performance twice: C,, C,

25
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Charging zone  Polarizing zone

Single pass filtration efficiency for PM_, (%)

100 ~

Ep: Polarizing field intensity

—0—E =12.5kV/cm

99%

Single-pass removal efficiency for particle can be enhanced

[1] Tian et al., Energy and Buildings, 2019.

80 - P
Ep =10.0 kV/icm
+Ep = 6.3 kV/cm
D7 —A—E = 44 kviem
—0— Ep = 0 kV/iem
40 H
20 1
O T 4%
T T T T T T T T T T T J T 1
0 1 2 3 4 5 6 7
Charging field intensity, E_(kV/cm)
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Electrostatically assisted air (EAA) filtrationlil:

Charging zone  Polarizing zone

)
—

——
——
——
——

® Ambient
air E>
[ )

i L::ﬁ‘ﬁ
ot ‘ﬁf ’ i
Y A

N

/ |

positive ions

.
===

Easily caught by one side of filter

Gas phase PAEs o[+ with negative ions

Enhance the PAEs adsorption on filters through
EAA filtration?

28

[1] Tian et al., Energy and Buildings, 2019.
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SCISES

1: Centrifugal fan 6: Charging module
o 3,4: Perforated diffusion plate 8: Polarizing module
Polarlzmg and 5: Sampler 9: EAA filter
pollution adsorption module
1 6 7 —/ — 8

|
=
B

Pressure device ™

_— Ozone monitor

jw/PAEsfllms )_/ * . 3 ”\
2 3 BP and DnBP "X Differential "X 5

fffff Tenax tubes

(ModeIA205 2B Tech Boulder USA) (DP-CALC5825, TSI Inc. Shoreview, USA)
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Concentration of DiBP (ug/m®)

30

20 - Day 1-4 are suitable
for purification
experiments.
15_ Q@ -
Qo
7 ° 1 8-9pg/m?
10-_& _ __Q_.%__Q Ly Qo _ u
Cd 87/2 ‘9@ )
1 9%, ° % QQZ%
5 - 9o l
Q9
%
O | | | | | | | | | |
Dayl Day?2 Day3 Day4 Days
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_ /) Inlet @ One pass efficiency

outlet 40
' | DnBH 35

NN

-1OC

erinlet CCJ‘rcentratlon:

PAE concentrations (ug/m?)
—
: o
| N
S/
' \ o
e
D ' =
I | (Q I
\ w S~~~ I
3 |
S5 & 8
e pass efficiency (%)

will be

Eyfflc:lenc

DiBP, High DiBP, Low DnBP, High Dn BP Low _

underestlmated 31
PU+C, 10 kV + 20 kV
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Filters

PU PU+Activated carbon PU+MnO,
(polyurethane) (adsorbent) (catalyst)

Electrical conditions

______

conl con2 con3 con4 cond l"“
Charging e
(V) 0 10 10 13 13 S
Polarizing i = .l
(kV) 0 0 20 0 20 i i "-i
e
SampleID  OKV+0KV 10kV+0KV 10KV +20KV 13KV +0KV 13k|:/v+20 |

Charging
+*

Polarizing

32
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Concentraltion of DIBP
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|

o1
1

ot (PUIRH)

[ Inlet v=1m/s Ap=7.3pa
Outlet

@ One pass efficiency

One pass efficiency: no more than 35 %

OkV+0kV 10kV+0kV 10kV+20kV 13kV+0KkV 13KV +20kV
Charging (kV) + polarizing (kV)

100

3 S
One pass efficiency (%)
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SR (PUCIEH)

25

= = N
o a1 o
! ! !

Concentration of DIBP (ug/m°)

ol
]

I inlet v=1m/s Ap=8.0pa
Outlet ]
@ One pass efficiency

65.1 % y
53.0 % Q '

45 2 0% 44.2 9% |
o | _
25.5 9% )

O kV + 0 kV 10kv+0kV 10kVv+20kv 13kV+0kVv 13kV+20kV

Charging (kV) + polarizing (kV)

100

S ()] (o0}
o o o

N
o
One pass efficiency (%)
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LRI (PU+MNO,iEHF)

r— — —

| | Low concentration (underestimate)

25, Elnet  y=1m/s Ap=9.4pa 100

Outlet
@ One pass efficiency
S 61.3 %
£ | 3% 62.5% 0
2 1. 0 Y T 51T %
= @ 60
o 15- 49.1 % o
A 41.4 9% ® )
IS ® ) I40
S 10+
@
|5 20
(@)
c 54
(@)
O I
0
0 - .
OkV +0kV 10kV+OkVJ 10kV +20kVv 13 kV +0kV 13kV+20k\L|

— — — e —

Charging (kV) + polarizing (kV)

One pass efficiency (%)
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