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Fig. 1 Kaolin(a) and dolomite(b) from
Kusaba Chemical Co., Inc. (Gifu, Japan) and
(Ueda, Japan), respectively.
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Table 1 Elemental analysis of the kaolin and dolomite

Elements Wt.%
Kaolin Dolomite
Si 54.12 2.78
Al 38.92 0.66
Ca 0.27 74.05
K 3.94 0.41
Mg 2.28 21.09
Fe 0.47 0.61
Mn - 0.33
Other - 0.07
> A DEERS:
Al , Si (kaolinite-type minerals).
> FOTA D EER/ S

Ca, Mg (dolomite minerals, RE&IE)

T T T T T T T T T T
0 5 10 15 20 25 30 0 10 20 30 40 50

Diameter (um) Diameter (um)

Fig. 4 Morphologies and particle size distribution of
the kaolin (a, b) and dolomite (c, d).

>RFHAX: KEDH15 um
LUTGhAY, AL/ aRA).
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K-Kaolinite , ALSi;0s(0H), ; Q-Quartz, Si0; ; I-Tllite, KALSi; AlO(OH); ; D-Dolomite, CaMg(CO3); ;
C-Calcite, CaCOQ; ; M-Mullite, AlgSiy O3 3 A-Anorthite, CaAlSi; 0y ; Co-Cordierite, (Mg Fe);AlSi:04 : > 'b_,% E‘Zﬁﬁ 0) JE *4 (a)’ (b)
- L v b | AAUFAR, BE 454K FRTAH,
(RSSO V! ¥ LT I S I . hILY Ak
A ‘w—w h > iﬁﬁ‘i?ﬁo)iﬁégﬁ*q' (C)'(l)
~ T - i 1150°CLATF D BERL: LTAk, AR
— | B, 7/ (—ED)
L h . f 1200°C or 1250°COBERK : A—T (T3
»-L\ T . A&, 7/ = A-D X EEH
\ J__L Ia N N . d
P, . 2, o K75D20 : H17A 1 > 75%,
TS 1T FEX Ak 20%,
K K KK LK K K K+Q kK a
o (AFILEILO—X 5% )
10 IIS 2I0 ZIS 3I0 3I5 4I0 4IS SII] SIS GII] 6I5 70
2 0 (degrees)
Fig. 5 XRD patterns kaolin (a), dolomite (b) and K75D20
membranes sintered at 950°C (c), 1000°C (d), 1050°C (e), 1100°C
(), 1150°C (q), 1200°C (h), and 1250°C (i) for 4h.
Samadi, A. et al.,

[Al, 05 - 2Si0,](mullite) + 3Ca0 + 4Si0, — 3[CaO0 - Al, 05 - 2Si0,] (anorthite)

2[3A1,05 - 25i0,](mullite) + 6Mg0 + 11Si0, = 3[2MgO0 - 2Al,0, - 55i0, ] (cordierite)

Resources, Conservation and Recycling 2022,
185, doi:10.1016/j.resconrec.2022.106497.
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Fig. 6 TG curves for the different compositions (mixed
powders), (a:K95D0, b:K85D10, ¢:K75D20 and d:K65D30).
300 - 400°C: A FILEILO—RDREE (FEEE—2:326.5°C)
500 - 800°C : WA )M AZHA ) ADER:, FOTA DR fE (REE—2:555.2°C, 655.0°C)
1150 - 1250°C:aA—T4I54 b, 7/—H9AFDERL

Fig. 7 TG and DTA curves for mixed powder (K75D20).

400-700°C
Al,05-2Si0,-2H,0 (kaolin)————Al,0,-2Si0,(metakaolin) + 2H,0 (evaporated water) ~ APdullayev, A. etal., Membranes 2019, 9,
d0i:10.3390/membranes9090105
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Fig. 8 Morphologies of K75D20 membranes after sintered at Fig. 9 Morphologies of K95D0 (a and b) and K75D20 (c and d)
1100°C (@), 1150°C (b), 1200°C (c), and 1250°C (d) for 4h (100x  membranes after sintered at 1250°C for 4h (22 and 500x
magnifications). magnifications, respectively).
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Fig. 10 The effect of the dolomite addition on the water flux and Fig. 11 The influence of the sintering time on the water flux

compressive  strength of ceramic membranes  (sintering and compressive strength of K75020 membranes (sintering

temperature, 1000°C; sintering time, 1h). temperature, 1000°C).

- KDBBFRE (L/ h-m?) -HWRITEE  (MPa)
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Compressive strength, MPa
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Fig. 12 The influence of the sintering temperature on the water Fig. 13 The mean pore diameters and water
flux and compressive strength of K75D20 membranes (sintering absorption on the K75D20 membranes sintered at

time, 4h). different temperatures for 4h.

Water absorption, %
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Fig. 14 Complex heavy metal removal rate and flux of the K95D0 Fig. 15 Complex heavy metal removal rate and flux of the
and K75D20 membranes sintered at 1100°C for 4h (applied K75D20 membranes sintered at different temperatures for
pressure, 0.015MPa; pH 5; feed concentration of complex metals, 4h (applied pressure, 0.015MPa; pH 5, feed concentration
10 ppm). of complex metals, 50 ppm).
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Fig. 17 Morphology and mapping images of K75D20
membrane (1100°C, 4h) before removal of complex
heavy metals.

Fig. 16 The influence of the initial concentration on the flux and
removal efficiency of the K75D20 membrane sintered at 1100°C for 4h
(applied pressure, 0.015MPa; pH 5).
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Fig. 18 Morphology and mapping images of the
K75D20 membrane (1100°C, 4h) after the
removal of complex heavy metals.
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Fig. 19 XPS patterns of the K75D20 membranes
(1100°C, 4h) before and after the removal of complex

heavy metals.
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Fig. 20 High-resolution XPS spectra of Pb 4f,
Cu 2p, Cd 3d and Zn 2p on the K75D20
membranes (1100°C, 4h) before and after the
removal of complex heavy metals.
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Fig. 21 Concept of oil/water separation using fluoride modified membranes
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Fig. 22 Water contact angles of the ceramic membranes Fig. 23 Photographic image of water droplet on
sintered at different temperatures modified with fluoride F-modified (a, c) and unmodified (b) membrane.
(dipping time: 12h in FG -5084 EX- 0.1 fluoride
solution).
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Fig. 24 Photograph of surfactant
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membrane purified oil (b). Fig. 25 Separation efficiency and oil flux of the ceramic

membranes sintered at different temperatures modified
with fluoride (applied pressure, 0.03 MPa).
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