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The Study for Adsorption of Indoor Pollutants by Porous Diatomite
Ceramic Filter

Ho-Keon Kim

Department of UR Mechanical Convergence Engineering, Graduate
School, Pukyong National University

Abstract

In this work, a porous diatomite ceramic filter was synthesized using
diatomite powder at different sintering temperatures from 900 to 140
0C for adsorption of air pollutants including TMA, H,S, CH3COOH and
NHs The diatomite was characterized by SEM, TGA, XRD and EDS,
the results showed that diatomite with several good properties is very
suitable for applications including water and air filtration. The results
of compressive strength and density of sintered samples indicated that
sintering temperature is most significant parameter for the sintering of
diatomite powder. The sample synthesized at a molding pressure of
2MPa and a sintering temperature of 1100°C exhibited best adsorption
performance due to its sufficient strength and appropriate porosity.
Adsorption isotherm and kinetic models were used to analyze
adsorption equilibrium data of air pollutants, Langmuir model was best
fitted model with adsorption isotherm data of TMA, H,S, CH;COOH and
NHs, The Pseudo-second order kinetic model was best followed with
adsorption kinetic data of TMA, CH;COOH and NHs; while the
adsorption kinetic data of H,S was best adopted with the Pseudo-first
order kinetic model. Thus, the current study showed that diatomite
powder is a cost-effective and promising adsorbent material for
adsorption of air pollutants. Moreover, porous diatomite ceramic filter
is expected to remove SOx and NOx, pollutants in diesel engines.
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Fig. 2.1 Preparation process of diatomite ceramic filter.
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(b) syringe type detector and gas detector tube.
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Table 2.1 Chemical composition of diatomite powders.

Compound Diatomite (wt.%) Diatomite (wt.%) [9]
(Linjiang Imerys) (Qingdao Best)
SiO; 92.43 89.6
Na,O+K,0 3.00 3.3
Al,Os 1.63 4.0
Fe 03 1.50 1.5
SO; 0.36 -
CaO 0.30 0.5
MgO 0.21 0.6
TiO, 0.10 0.2
Cl 0.47 -
P20Os = 0.2
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Fig. 2.4 The TGA curve of diatomite.
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Fig. 2.5 X-ray diffraction pattern of diatomite.
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Fig. 2.6 SEM image of as-received diatomite.
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Fig. 2.7 Density of diatomite ceramic filter as a function of sintering

temperature.
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Fig. 2.8 SEM images of the fractured surfaces of the diatomite

ceramic filter at different sintering temperatures of: (a) 900C, (b)

1000C, (o) 1100C, (@ 1200C, (e) 1300C and (f) 1400C. (Molding
pressure of 2MPa, PEG concentration of 18.6wt.%)
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Fig. 2.9 Compressive strength of diatomite ceramic filter as a function

of sintering temperature.
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(e) e , A A =
Fig. 2.10 SEM images of fractured surface of diatomite ceramic filter

at (a) 900C with 18.6wt.%, (b) 1100C with 18.6wt.%, (c) 1300CC with
18.6wt.%, (d) 900°C with 22.2wt.%, (e) 1100°C with 22.2wt.%, (f) 1300C
with 22.2wt.%. (Molding pressure: 5MPa)
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(b)
Fig. 2.11 EDS analysis of (a) as-received diatomite powder and (b)
sintered diatomite ceramic with a PEG of 18.6wt.% at a molding

pressure of 2MPa and sintering temperature of 1100C.
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Conditions : 18.6wt.%, 2MPa
Filter curing : 90°C, 20min

200

Measurement : hum.60%, temp.20°C
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Fig. 2.12 Adsorption of (a) TMA, and (b) NH3 by H3PO,-impregnated

diatomite ceramic filter.
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Fig. 2.13 Air pollutants (TMA, NHj;) removal with regenerated porous

diatomite ceramic filter in the five reuse cycles after regeneration.
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Conditions : 18.6wt.%, 2MPa
Filter curing : 90°C, 20min

Measurement : hum.60%, temp.20°C
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Fig. 3.1 Adsorption results of (a) H,S and (b) CH3COOH by diatomite

ceramic filter.
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42 Az R 4FUH

FEE ofEgo R Iy4loln, FZEE Linjiang Imerys Diatomite
Company Co. Ltd. Chinaell4 A|z3 AS AM&sIFT. FES oA
TZE dH9 Ax FAL Fig. 4.10] YepATh

o}

o2 35 x 35 x 3mm Z7|=E AFPs
AzsATh FE-FT2EL £ H&S Table 4.13 2t}
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o} ZojA] CuCle E4Hgo] E5o02 Q3 7FgAol Ha, WHolrt 4
A=A ot Wido] A =3 B &o] AA W, FHY FFTE F
7HAN7IBE2 Qe WYy T2 FEAR FHFEANA AA Z&0] H
ol g & 4 Ytk (23] "EY A FAHLS Fig 4.20] YepAh &

o &g 20wt.% CuCloll 80wt.% FR/E Edsted AxsAh S
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Ocher Diatomite

) Distilled
Mixing | Water

Pressing
&
molding

|

Drying
v

Test

Fig. 4.1 Preparation process of ocher and diatomite filter.

Catalyst
+
D.W
Naturaldrying in air |
for 24 hours
Catalyst-

impregnated filter

v

Curing: 90°C for 20 min

Fig. 4.2 Manufacturing process of catalyst-impregnated ocher-diatomite

filter.
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o o] % 100L3 WilE Tele AW BEAT. BEE WBo)
Baslgon, ot AW 37 oY BUY WE BEL Mot B
el §3 2de HH 27 &5 60% 20CLR3IA AU F
AAFEE 9% 7] 5+ 200ppmelH, TMA 30% 841725 xL),

NH; 28.0~30.0% &<H#(48.8 L), H,S 4.02 %0.5L) % CH;COOH
99.7%(50.1 x L)E 15% & 44 E=AL ol Fu 7tdsiion, #

o] £&E+ 4.8m/soltt. Fig. 43¢t 22 HE7E AHEste] Al 37

Table 4.1 Chemical composition of ocher and diatomite. (wt.%)

Ocher Diatomite
(Domestic) (Linjiang Imerys)
100 =
75 Vo
50 50
20 80
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1 Measurement hole
Diatomite ceramic filte

—— i —— ]

Nﬁtric fan|
”

s Hot pad

(@

%

Gas detector tube

Syringe type detector

(b)
Fig. 4.3 (a) the experimental setup of adsorption of toxic gases, and

(b) syringe type detector and gas detector tube.
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Table 4.2 Chemical composition of ocher and diatomite. (wt.%)

Compound Ocher Diatomite
(Domestic) (Linjiang Imerys)

SiO; 58.0 92.43

Na,O+K;0 - 3.00

Al,Os3 10.0 1.63

Fe,O3 5.0 1.50
FeO 1.1 -

SO4 - 0.36

CaO 14.0 0.30

MgO 4.0 0.21

TiOy 0.5 0.10

- - 0.47
MnO 0.5 4
Others 6.9 -
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(b)
Fig. 4.4 (a) Ocher-diatomite filter, (b) CuCl,-impregnated

ocher-diatomite filter.
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Spectrum 1

keV

Spectrum 1

Fig. 4.5 EDS analysis of (a) ocher-diatomite filter and (b)

CuCly-impregnated ocher-diatomite filter.
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Table 4.3 Elements of ocher-diatomite filter.

Element Weight (%) Atomic (%)
O K 50.03 65.40
Na K 0.65 0.59
Mg K 0.32 0.27
Al K 7.95 6.16
Si K 32.16 23.95
Cl K 0.44 0.26
K K 0.97 0.52
Ti K 0.65 0.28
Fe K 6.83 2.56
Totals 100.00

Table 4.4 Elements of CuCl,-impregnated ocher-diatomite filter.

Element Weight (%) Atomic (%)
O K 31.91 55.69
Mg K 0.32 0.37
Al K 6.54 6.77
Si K 10.26 10.20
Cl K 11.38 8.96
K K 0.74 0.53
Ti K 0.48 0.28
Fe K 5.59 2.79
Cu K 32.79 14.41
Totals 100.00
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100

TMA concentration (ppm)
n
=

Measurement: hum.60%, temp.20°C
\\\ Curing: 90°C for 20 min

10100 vol.%
O~ 050 vol.%-+D 50 vol,% + CuCl,

—/\— 0 20 vol.%+D 80 vol.% + CuCl,

Fig. 4.6 Adsorption of
filter.

30 60 90 120
Measurement time (min)

TMA by CuCl,-impregnated ocher-diatomite
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Fig. 47¢ NHol &% &8< yegdd FE FE(DE 308
87.5%, 120%-0] 995% &3 F&L Uehlol, Ao ekhaA AAL %
AT el Hujel ol anRE W] s Tl Hu 83 FE
(V)= 3080 92.5%, 12059 99.5% &2st9t. & EHEY
2 2] ¥4 %= WEY} 943 §F £ YT geid 3
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Measurement: hum.60%, temp.20°C
’é‘ 200 - Curing: 90°C for 20 min
=7 L
2 \ 10 100 vol.%
= 150 - “\ ~/~ 0 100 vol.% + CuCl,
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~— \:;:\
E00F
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= \
e \
S 50 \
o S+ \\\
E\\\\:\\\ —
0L —
| L | L | L 1 L |
0 30 60 90 120

Measurement time (min)

Fig. 4.7 Adsorption of NH; by CuCly-impregnated ocher-diatomite filter.
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Measurement: hum.60%, temp.20°C
~ 200~ Curing: 90°C for 20 min
SN
2 N\ —1- 0100 vol.%
N’ O\
g 150 | \\\\\ /0 100 vol.%+ CuCl,
= N\ O~ 0 50 vol.%+D 50 vol.% + CuCl,
3 100 - O
: \\\\\
8 AN \\\\
N S S
EN S0+ S O
h \ \\\\\
\% —0
—
0 i 1 L | L 1 L w

0 30 60 90
Measurement time (min)

Fig. 4.8 Adsorption of H,S by CuCly-impregnated ocher-diatomite filter.
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E Measurement: hum.60%, temp.20°C

g 200 - q Curing: 90°C for 20 min

-~ \\

= \ 0 100 vol.®

=) vol.%

- -

w 150+ 0 100 vol.% + CuCl,

o

= 0 75 vol.% + D 25 vol.% + CuCl,
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5 100 - \\

© \

2 \
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:

I " A——
| | 1 | L
0 30 60 90

Measurement time (min)

Fig. 4.9 Adsorption of CH3COOH by CuCly-impregnated ocher-diatomite
filter.
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Fig. 5.1. Plots using Langmuir, Freundlich and Temkin models in linear
regression analysis for the adsorption of TMA, H,S, CH3COOH and NHj

on diatomite ceramic filter.
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Table 5.1 Langmuir, Freundlich and Temkin isotherms constants for

the adsorption of TMA, H,S, CH3COOH and NH; on diatomite ceramic

filter.
Isotherm
models  parameter TMA H,S CH;COOH NH;
Ky 43.64 111.12 63.02 241.16
Jm 157.73 65.19 114.94 30.45
R? 0.9900 0.9783 0.9783 0.9776
Langmuir SSE 983E-6  6.41E-5  2.07E-5  2.64E-4
RMSE 2.22E-6 1.79E-5 1.02E-5 1.15E-4
Ry 1.15E-4 4.50E-5 7.93E-5 2.07E-5
~ 458E-4 ~ 1.80E-4 ~ 3.17E-4 ~ 8.29E-5
B 4 Ke 145818  721.67 87454 44795
n 1.332 L. 505 18 1.599
Freundlich R 09759 0.9521 0.9521 0.9470
SSE 0.00324 0.00638 0.00638 0.00701
RMSE 0.04024 0.05648 0.05648 0.05916
S Ar 7265084 14123355 8014960  2975.2995
b 100.7113 198.9840 112.9247 418.2911
Temkin R? 09812 095838 095838 09705
SSE 13.88195 10.0294 31.14088 1.16094
RMSE 2.63457 2.2393 3.94593 0.76188
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Fig. 5.2 Plots using Langmuir, Freundlich and Temkin models of
adsorption isotherm data points of TMA, H,S, CH3COOH and NHs; on

diatomite ceramic filter.
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Fig. 5.3 Adsorption kinetic models plot of (a) Pseudo-first order, (b)
Pseudo-second order and (c¢) Elovich kinetic model for adsorption of

TMA, H,S, CH3COOH and NH; on diatomite ceramic filter.
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Table 5.2 Adsorption kinetic models constants for the adsorption of

TMA, H,S, CH3COOH and NH; on diatomite ceramic filter.

KInole e TMA IS CHLCOOH NIt

Experiment Qe, exp 61.58 35.56 62.55 17.12
K 0.0424  0.0445 0.0405  0.0867
Ge.theo 35.05 41.77 51.59 40.76
Pseudo-first R’ 0.9438  0.9945 0.9394 0.8299
order SSE 0.1560  0.0163 0.1547 2.1887
RMSE  0.1974  0.0638 0.1967 0.7397
N o VY 7 2.51E-03 6.49E-04 135E-03  3.72E-03
e theo 64.68 46.30 67.07 18.59
Pseudo-sec R’ 0.9994 09727 0.9947 0.9796
ond order
SSE 8.18E-04  0.0768 0.0069 0.3543
RMSE  1.65E-04  0.1600 0.0482 0.3436
S N a 1074179 2800 254009  5.8136
3 0.1146  0.0913 0.0888 0.32933
Elovich R2 0.9220  0.9604 0.8894 0.9327
kinetic

SSE 17.54066 13.62011  42.44528 1.81759
RMSE 2418052 2.130736  3.7614398  0.778370

K 25766 3.2277 3.3593 0.9534

G 36.191  2.7170 27.355 6.5830

Intraparticle R? 0.7769  0.8419 0.7719 0.9325
diffusion

SSE 50.173  54.347 87.584 1.8220

RMSE  4.0895 42562 5.4032 0.7793
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Fig. 5.4 Intraparticle diffusion model plots of adsorption of TMA, H.S,
CHsCOOH and NH; on diatomite ceramic filter.
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