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Research Progress on Porous Silicon Carbide Ceramic Membrane Supports Using Solid
Wastes as Sintering Additives

WEI Yibin, ZHU Taotao, JI Wenlan, WANG Yongda, WANG Yuxuan, WU Zhixin, XU Nan, NIAN Pei
(State Key Laboratory of Coal Efficient Utilization and Green Chemical Engineering, School of Chemistry and Chemical
Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: Reaction sintering can effectively reduce the sintering temperature and regulate the properties of porous SiC ceramic
membrane supports. This review summarized recent research work on the reaction principle in sintering of porous SiC ceramic
membrane support, the type of sintering additives and their mechanisms. The type of solid waste as sintering additives in the
preparation of porous ceramic materials was discussed. The existing issues and the future development direction were summarized
and prospected, thus providing a guidance for reducing the sintering temperature, cost of porous SiC ceramic membrane supports and
recycling of solid waste.
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Fig. 1 Mechanism of porous silicon carbide ceramic membrane supports based on reaction sintering using coal gangue
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Fig. 2 Schematic illustration of the sintering process of mullite-bonded porous SiC ceramics by using Al,O; as an Al source’
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Fig. 3 SEM images of the surfaces of the samples without/with different sintering additives. (1a, 1b) without/with La,O; sintering
additive; (2a, 2b) without/with Y,0j3 sintering additive; (3a, 3b) without/with CeO, sintering additive; (4a, 4b) without/with

MoO; sintering additive; (5a, 5Sb) without/with AlF;. V,0s sintering additive

[27-31]
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Table 1 Comparison of the properties of SiC ceramic membrane supports by adding different sintering additives
Main materials Sintering aids Sintering temperature/'C Porosity /% Pore size /um Bending strength /MPa References
SiC AL,O3 1450 61 0.16 19 [32]
SiC ZrO, 1550 44.20 14.60 28 [33]
SiC CaO-ZrO, 1450 40 42.90 22.50 [19]
SiC SDBS-ZrO, 1200 46 34.70 22.80 [34]
SiC SDBS-ZrO,-Si 1450 38.33 11.30 55.40 [34]
SiC Al(OH);-MgO 1400 42.11 2.98 4129 [25]
SiC Zr0,-B,0; 1300 4.10 242 [35]
SiC ALO3-Y,03 1450 44.10 <8 27.50 [27]
SiC ALO3-Y,03 1500 41-42 0.05-0.16 15 [36]
SiC AlLO3—CeO, 1800 76.10 <5 29.20 [37]
SiC Al,0;-MgCOs3 1430 35.80 47.10 25.10 [21]
SiC AlO3-V,05 1450 69.08 2.46 [38]

SDBS: Sodium dodecyl benzene sulfonate
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Table 2 Oxide compositions of solid waste materials

w/%

Waste References
Si0, Al O4 Fe, 05 CaO MgO Na,O K,0 TiO,
Kaolin 49.62 35.50 0.27 0.10 0.12 0.15 2.06 0.03 [22]
Coal gangue 61.83 26.63 4.40 0.56 1.34 0.64 433 1.15 [20]
Fly ash 60.16 25.96 6.75 3.05 0.18 0.33 1.13 1.75 [42]
Glass splinter 53.00 15.00 21.00 2.00 0.15 [43]
Coal gasification slag 50.59 18.44 12.06 8.77 3.27 1.20 2.13 1.18 [44]
Red mud 33.57 27.66 7.56 15.26 3.54 1.76 3.36 [45]
Rice husk ash 94.72 0.05 0.05 0.21 0.18 0.05 0.46 [46]
Blast furnace slag 41.30 14.30 0.80 32.70 7.30 0.90 1.10 [47]
Ferrochromium slag 35.12 22.21 4.21 1.57 27.77 <0.15 <0.15 0.73 [48]
Bagasse ash 56.10 18.00 7.80 5.00 1.80 4.90 1.80 [49]
Manganese slag 24.60 12.15 7.87 8.59 1.71 2.70 2.43 0.41 [50]

w—DMass fraction.
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Fig. 4 Schematic diagram of NaA zeolite slag as a sintering aid for the preparation of disk, single-channel and multi-channel SiC
ceramic membrane supports and applications. (a) Sintering mechanism!®®; Optical photos and surface SEM images of (b)
disk, (c¢) Single-channel tube, (d) Multi-channel tube. (e) Open porosity; (f) Pore size distribution; (g) Pure water
permeance'®”; (h) Asymmetric structure porous SiC ceramic filteration membrane!®; (i) Schematic diagram of ceramic
membrane for effective separation of oil-containing wastewater!”’

A, 1000 CRAMGIR AL BES: T2l et SiC Bk fR AL, L2 AL Si0, F Ay
VPRI SCER . WEFCR W] NaA WA BRI J5f%E, 5 NaA A8 N A K NaAlSi;Og,



35155 12 1

PR 5. R RFFIBIGER 2 4L SiC P R SCHE R I FUid < 3223 -

A I IERE . 2 NaA WAEKIRIINERN 12%
B, il & B SR FLAE N 0.4 um, AlKIBIE
#3700 L-m >hbar ', FLEREN 46.40%, B
5 P IR B 45 MPa.o L AMZ B TE i B B 1k 36 46 h
J5, LS DA B R Ik 90%, [N A7 B A Ak
HE, BRCEERAAREPEARR. R %
(10 Wi 25 5 Ay A B B v i A T — ol 4 B R AL R
Mg .

Jiang ST B A 1 Mk 20 K B 58l e gk B
7, HEtEBiaEnN 12%, F5IN Zro,, fE
1000 ClKifkest FIRM 2 1L SiC P& IS HE4k,
SFRIFLAAN 0.58 um, P 50 FIAK IS IE 5
T 80MPa M1 6294 L-m > h 'bar ', TR HIHAH
TR 54 (Na, ZrSi, 07)FE SiC FUREL [a] 2 25 5 i J A
F, FIRZ 2 L SiC W a5 S F R R I AR 55 o i
FR ARG P 28 350 h I BRI SE , AT R $F 74 MPa
s s . 56T H TR K R R S, IF
RKBEARAE = BiAS, $h 58 T AT 5.

Xing ZPOLIRINE N 46%H1 56 [ 14 5% 754
ML, R 1000 CARIE &M T B 15 2 4L SiC
W RS AA, H1F MoOs HEALFII NN, AER k2
SEIR PR E 850 C o BLRAMTE SiC Fiki K )2 IR
LA FFTE R 2 IR 4 4, A ke i 3L 70 22 1k
At HAMW AR HBESMPUS g, smnl
1% 50.17 MPa, HALBREN 45.32%, Ff1EN
159.2 nm, BEBSRECN 8.24x10" m*. ZHFFIRME
TR RO R R R 7, B RIFHE
B ARG -

5 A2 AR T HEH 175 Jeth R, BA 9k
B, FEEAHE ALOs. SiO,. CaO FlHAfh /b & 1
W4 B AL, W RAEEAN Y, )4 i pl™
W5 Y. Bk, FRVe7e A AT AT i 20N
I, Man SRR A FRE, 205 B £k R AR
R 2 WIRIRIE, ThER S5 e+ 1) FeOsv ALO;3.
CaO. NayO 73 Al N4 FeCly. AICL;. CaCly.
NaCl, KWiMRS TiO, N AE R TiOSO,, A3k
RHIERE E & SiOy 1E RS H B 5 K. Wang
ST D) [a] i i 181 4 A e e 4 B 7, W A W,
ARV B Si0, il i 51N AI(OH); i 4 i #E 4+,
TERE 2 ISk A AH, [FIR 5]\ V,05 fil AIF; 1E
AR TR AT SO SR A ) S N AR, SR A
SRR BRI 120 °C, HAREHIRINEAN 25%
i, BRAAE 1350 CHRIE 3 h SRR R A 45 &
Z AL SiC P &M S ik, o342 8 2~5 pm,

PLE SR N 49.40 MPa, fLBEE N 31.10%. @il
FISCR & T AR HRK F N T SiC P & S %
A, AT R AR S AR T ML HE H Y5 G R T IR B
IR .

4 ZipE5RDP

R FH [E 4 12 35 P 4% SIC Wi B S P 20 %
IR T RREEIRE, W T AT, AN TR R SR
Y, WMAZLGFSHEaMEE. ARG T &
JRFFVIBIBEN SiC B R ST R Tt g, BARAE
SiC i e 5S4 A 0 ) 45 R P R P Tl 8 R 5 0
AL GEI e 4 BRI S BRI D, (A — 2
Ji e DRI

1) AN IR RUSE IR ] 44% R 5490 P A7 AE AN 7] 10 18 73
ANZR I, DS L e 93 Wk 7 ] 4 2 400 4 A B8 5 92
DA gl PRt —Jr i fRiE SicC P&
HRESCHERTERERI Y — Rasgs o371 n] LA e A
pefl i FE o I A AR

2) [E A 3740 rh AT R AR AN AT B A ) 5 T RE
S EH A MRS AR AL R fLIR WK, ks
BEAR LU 5 o [ AR S ) ) 46 (1) SiC Bl e 2
PR H AR AL TRI900r Be, W] LA PO AE . HEDE K&
AE S, BRI KR LR AL 5 A
PERE 5 T AT LA ALY R S, (RAE 7 B A
FEAEERETT IS — € 225, XAE KRR ZMOE
EQE P

3) AR TV BT N5 8 2 e il L [
JR I % (1 SiC B BEREAE B A AR 2 B AF A
W R TE IR A ARE -

4) FEFeR. HIEE. BERA. A9, R,
RIRKIR . FARERTE . FRERE . AN S
FETERANWRF N T 2 LR R
4%, KOV HAR RS B FIRIR f1l 4 SiC M B SC
FERSRBE TR I 05 17

5) fEE & SiO, MR IEFMF, AgIAN—E
BREYIE, MnEy A, B REE R P EL
PR LA i) 5% H SR A B T A JE R 1Y SiC B e
BRSCEEAR, LA SiC 2 fLFR B SO AR K075 o8
J3E VAL it 5 e A e o

SE R
[11 LIN, HU C Z, LAN H C, et al. Enhanced production of in situ keggin

Al polymer by a combined Fe—Al coagulation process for the

treatment of high alkalinity water[J]. ACS Sustainable Chem Eng,



3224 - (RERR Sh2230)

J Chin Ceram Soc, 2023, 51(12): 3215-3226

2023 4F

[2]

(3]

(4]

[3]

(6]

(7

(81

9]

[10]

(1]

[12]

[13]

[14]

[13]

[16]

2019, 7(10): 9544-9552.

ZHONG J, SUN X J, WANG C L. Treatment of oily wastewater
produced from refinery processes using flocculation and ceramic
membrane filtration[J]. Sep Purif Technol, 2003, 32(1-3): 93-98.

LIY L, YANG Z R, YIN X J, et al. Identification of nitrate sources
and the fate of nitrate in downstream areas: A case study in the taizi
river basin[J]. Huan Jing Ke Xue, 2018, 39(3): 1076-1084.

JEIRANI Z, NIU C H, SOLTAN J. Adsorption of emerging pollutants
on activated carbon[J]. Rev Chem Eng, 2017, 33(5): 491-522.

GOH P S, ISMAIL A F. A review on inorganic membranes for
desalination and wastewater treatment[J]. Desalination, 2018, 434:
60-80.

KAMALI M, SUHAS D P, COSTA M E, et al. Sustainability
considerations in membrane-based technologies for industrial effluents
treatment[J]. Chem Eng J, 2019, 368: 474-494.

LIU F, HASHIM N A, LIU Y T, et al. Progress in the production and
modification of PVDF membranes[J]. J Membr Sci, 2011, 375(1-2):
1-27.

LIS, WEI C C, WANG P, et al. Zirconia ultrafiltration membranes on
silicon carbide substrate: microstructure and water flux[J]. J Eur Ceram
Soc, 2020, 40(12): 4290-4298.

QIN W, LEI B L, PENG C, et al. Corrosion resistance of ultra-high
purity porous alumina ceramic support[J]. Mater Lett, 2015, 144:
74-71.

LI D, YAO J, LIU B, et al. Preparation and characterization of surface
grafting polymer of ZrO, membrane and ZrO, powder[J]. Appl Surf
Sci, 2019, 471: 394-402.

LI L, ABADIKHAH H, WANG J W, et al. One-step synthesis of
flower-like SipN,O nanowires on the surface of porous SiO, ceramic
membranes for membrane distillation[J]. Mater Lett, 2018, 232: 74-77.
CHANG Q B, ZHOU J E, WANG Y Q, et al. Application of ceramic
microfiltration membrane modified by nano-TiO, coating in separation
of a stable oil-in-water emulsion[J]. J Membr Sci, 2014, 456: 128-133.
ABADI S R H, SEBZARI M R, HEMATI M, et al. Ceramic
membrane performance in microfiltration of oily wastewater[J].
Desalination, 2011, 265(1-3): 222-228.

LEE B J, ZHANG Z, BAEK S, et al. Bio-inspired dewetted surfaces
based on SiC/Si interlocked structures for enhanced-underwater
stability and regenerative-drag reduction capability[J]. Sci Rep, 2016,
6(1): 1-11.

LUO L L, CHEN X L, WANG Y, et al. Bio-inspired modification of
silicon carbide foams for oil/water separation and rapid power-free
absorption towards highly viscous oils[J]. Ceram Int, 2018, 44(11):
12021-12029.

Z0OU D, FAN Y Q. State-of-the-art developments in fabricating

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

ceramic membranes with low energy consumption[J]. Ceram Int, 2021,
47(11): 14966-14987.

SHE J H, DENG Z Y, DANIEL-DONI J, et al. Oxidation bonding of
porous silicon carbide ceramics[J]. J Mater Sci, 2002, 37(17):
3615-3622.

BAI C Y, DENG X Y, LI J B, et al. Preparation and properties of
mullite-bonded porous SiC ceramics using porous alumina as oxide[J].
Mater Charact, 2014, 90: 81-87.

HAN F, XU C N, WEI W, et al. Corrosion behaviors of porous
reaction-bonded silicon carbide ceramics incorporated with CaO[J].
Ceram Int, 2018, 44(11): 12225-12232.

WANG Y D, WANG Y X, NIAN P, et al. Reaction-bonded robust SiC
ceramic membranes sintered at low temperature with coal gangue[J].
Ceram Int, 2023, 49(12): 19798-19805.

LUO Z Y, HAN W, YU X J, et al. In-situ reaction bonding to obtain
porous SiC membrane supports with excellent mechanical and
permeable performance[J]. Ceram Int, 2019, 45(7): 9007-9016.

ZHOU J E, ZHANG X Z, WANG Y Q, et al. Elaboration and
characterization of tubular macroporous ceramic support for
membranes from Kaolin and dolomite[J]. J Porous Mater, 2010, 17(1):
1-9.

SONG I H, PARK M J, KIM H D, et al. Microstructure and
permeability property of Si bonded porous SiC with variations in the
carbon content[J]. J Korean Ceram Soc, 2010, 47(6): 546-552.

KIM S C, KIM Y W, SONG I H. Processing and properties of
glass-bonded silicon carbide membrane supports[J]. J Eur Ceram Soc,
2017, 37(4): 1225-1232.

BAI C Y, DENG X Y, LI J B, et al. Fabrication and properties of
cordierite—mullite bonded porous SiC ceramics[J]. Ceram Int, 2014,
40(4): 6225-6231.

T, ARORR, UL, AR I X 2 FLRR AL RE SCHAR R BE 5
m[J). FERERER 4R, 2017, 45(12): 1810-1817.

YU Ji, YU Sujun, QI Hong. J Chin Ceram Soc, 2017, 45(12):
1810-1817.

DING S Q, ZHU S M, ZENG Y P, et al. Effect of Y,0; addition on the
properties of reaction-bonded porous SiC ceramics[J]. Ceram Int, 2006,
32(4): 461-466.

LIU S F, ZENG Y P, JIANG D L. Effects of CeO, addition on the
properties of cordierite-bonded porous SiC ceramics[J]. J Eur Ceram
Soc, 2009, 29(9): 1795-1802.

JI H P, FANG M H, HUANG Z H, et al. Effect of La,0; additives on
the strength and microstructure of mullite ceramics obtained from coal
gangue and y-ALO;[J]. Ceram Int, 2013, 39(6): 6841-6846.

XING Z H, XIANG D P, MA Y P. Mullite rod-enhanced porous SiC

ceramics prepared at low temperature from photovoltaic waste[J]. J Eur



HS51EH 12

PR 5. R RFFIBIGER 2 4L SiC P R SCHE R I FUid .

3225

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Ceram Soc, 2018, 38(15): 4842-4849.

CAO J J, DONG X F, LI L L, et al. Recycling of waste fly ash for
production of porous mullite ceramic membrane supports with
increased porosity[J]. J Eur Ceram Soc, 2014, 34(13): 3181-3194.
SHE J H, OHJI T. Fabrication and characterization of highly porous
mullite ceramics[J]. Mater Chem Phys, 2003, 80(3): 610-614.

HAN F, ZHONG Z X, ZHANG F, et al. Preparation and
characterization of SiC whisker-reinforced SiC porous ceramics for hot
gas filtration[J]. Ind Eng Chem Res, 2015, 54(1): 226-232.

LIU T L, HUANG C E, HU H J, et al. Effects of SDBS and ZrO,
additives on the microstructure and properties of silicon-bonded SiC
porous ceramics[J]. Ceram Int, 2020, 46(3): 2910-2914.

CHEN L, WANG Y J, OUYANG J H, et al. Low-temperature sintering
behavior and mechanical properties of BN-ZrO,-SiC composites[J].
Mater Sci Eng A, 2017, 681: 50-55.

FUKUSHIMA M, ZHOU Y, YOSHIZAWA Y I. Fabrication and
microstructural characterization of porous SiC membrane supports
with Al,Os—Y,05 additives[J]. ] Membr Sci, 2009, 339(1-2): 78-84.
YUAN B, WANG G, LI H X, et al. Fabrication and microstructure of
porous SiC ceramics with Al,Os; and CeO, as sintering additives[J].
Ceram Int, 2016, 42(11): 12613-12616.

REN X M, MA B Y, ZHANG Y R, et al. Effects of sintering
temperature and V,Os additive on the properties of SiC—Al,O; ceramic
foams[J]. J Alloys Compd, 2018, 732: 716-724.

BUKHARI S Z A, HA J H, LEE J, et al. Fabrication and optimization
of a clay-bonded SiC flat tubular membrane support for microfiltration
applications[J]. Ceram Int, 2017, 43(10): 7736-7742.

ARZANI M, MAHDAVI H R, SHEIKHI M, et al. Ceramic monolith
as microfiltration membrane: preparation, characterization and
performance evaluation[J]. Appl Clay Sci, 2018, 161: 456—463.

ZHU Z W, WEI Z L, SUN W P, et al. Cost-effective utilization of
mineral-based raw materials for preparation of porous mullite ceramic
membranes via in-situ reaction method[J]. Appl Clay Sci, 2016, 120:
135-141.

DAS D. Recycling of coal fly ash for fabrication of elongated mullite
rod bonded porous SiC ceramic membrane and its application in
filtration[J]. J Eur Ceram Soc, 2020, 40(5): 2163-2172.

DING L F, NING W, WANG Q W, et al. Preparation and
characterization of glass—ceramic foams from blast furnace slag and
waste glass[J]. Mater Lett, 2015, 141: 327-329.

FUFIR . A PR T N SRR & TE AL 2 FLAE R () e etk RE AT
JE[D]. G AALTAL R, 2015.

WU Haijun. Preparation and properties of inorganic porous materials

(membranes) from solid wastes(in Chinese, dissertation). Hefei: Hefei

University of Technology, 2015.

[43]

[46]

[47]

[48]

[49]

[50]

(511

[52]

[53]

[54]

[53]

[56]

[57]

WANG W, CHEN W J, LIU H T. Recycling of waste red mud for
fabrication of SiC/mullite composite porous ceramics[J]. Ceram Int,
2019, 45(8): 9852-9857.

SERRA M F, CONCONI M S, GAUNA M R, et al. Mullite
(3A1,05:2Si0,) ceramics obtained by reaction sintering of rice husk
ash and alumina, phase evolution, sintering and microstructure[J]. J
Asian Ceram Soc, 2016, 4(1): 61-67.

BAYER OZTURK Z, EREN GULTEKIN E. Preparation of ceramic
wall tiling derived from blast furnace slag[J]. Ceram Int, 2015, 41(9):
12020-12026.

LIU C B, LIU L B, TAN K F, et al. Fabrication and characterization of
porous cordierite ceramics prepared from ferrochromium slag[J].
Ceram Int, 2016, 42(1): 734-742.

JAMALLUDIN M R, HARUN Z, OTHMAN M H D, et al
Morphology and property study of green ceramic hollow fiber
membrane derived from waste sugarcane bagasse ash (WSBA)[J].
Ceram Int, 2018, 44(15): 18450-18461.

WU F F, WANG S, GUO S 'Y, et al. Adsorption of methylene blue by
porous ceramics prepared from electrolytic manganese residues[J].
Desalination Water Treat, 2016, 57(57): 27627-27637.

HARABI A, ZENIKHERI F, BOUDAIRA B, et al. A new and
economic approach to fabricate resistant porous membrane supports
using Kaolin and CaCO;[J]. J Eur Ceram Soc, 2014, 34(5): 1329-1340.
AU, R, RN, S Bedh ) B xR S A — 3 b i B e I S A
BEMAR[T]. MREE2E4, 2021, 42(5): 774-780.

LI Bo, GUO Lei, TONG Zhi, et al. J Ceram(in Chinese), 2021, 42(5):
774-780.

PR, FHEGe, FINR, 55, SR 2 LT A7 5 B BN ST A ] %
RAERERF U] BREE54, 2023, 44(2): 328-336.

LI Miaoyu, GUO Yani, TONG Zhi, et al. J] Ceram(in Chinese), 2023,
44(2): 328-336.

HUBADILLAH S K, OTHMAN M H D, HARUN Z, et al. A novel
green ceramic hollow fiber membrane (CHFM) derived from rice husk
ash as combined adsorbent-separator for efficient heavy metals
removal[J]. Ceram Int, 2017, 43(5): 4716-4720.

KAMARUDIN N H, HARUN Z, OTHMAN M H D, et al. Waste
environmental sources of metakaolin and corn cob ash for preparation
and characterisation of green ceramic hollow fibre membrane (h-MCa)
for oil-water separation[J]. Ceram Int, 2020, 46(2): 1512-1525.

BAI C Y, L1 Y, LIU Z M, et al. Fabrication and properties of
mullite-bonded porous SiC membrane supports using bauxite as
aluminum source[J]. Ceram Int, 2015, 41(3): 4391-4400.
ABO-ALMAGED H H, GABER A A. Synthesis and characterization
of nano-hydroxyapatite membranes for water desalination[J]. Mater

Today Commun, 2017, 13: 186-191.



.+ 3226 - CTERR 2R 400 J Chin Ceram Soc, 2023, 51(12): 3215-3226 2023 4

[58] IVANETS A I, RAT'KO A I, AZAROVA T A, et al. Preparation and [65] CHAE S H, KIM Y W, SONG I H, et al. Low temperature processing
properties of microfiltration membranes based on natural crystalline and properties of porous frit-bonded SiC ceramics[J]. J Korean Ceram
SiO,[J]. Ceram Int, 2014, 40(8): 12343-12351. Soc, 2009, 46(5): 488-492.

[59] LIU T Y, TANG Y, HAN L, et al. Recycling of harmful waste [66] JIANG Q, ZHOU J, MIAO Y, et al. Lower-temperature preparation of

[60]

[61]

[62]

[63]

[64]

lead-zinc mine tailings and fly ash for preparation of inorganic porous
ceramics[J]. Ceram Int, 2017, 43(6): 4910-4918.

ACHIOU B, ELOMARI H, BOUAZIZI A, et al. Manufacturing of
tubular ceramic microfiltration membrane based on natural pozzolan
for pretreatment of seawater desalination[J]. Desalination, 2017, 419:
181-187.

JING Y N, DENG X Y, LI J B, et al. Fabrication and properties of
SiC/mullite composite porous ceramics[J]. Ceram Int, 2014, 40(1):
1329-1334.

i, FEELEL AR 2 AL R M B S A T o 5 i R el
AEILALIT]. TERR Eh244R, 2019, 47(12): 1737-1745.

GOU Mintao, HUANG Jianguo. J Chin Ceram Soc, 2019, 47(12):
1737-1745.

SHI WY, LIU B R, DENG X Y, et al. In-situ synthesis and properties
of cordierite-bonded porous SiC membrane supports using diatomite as
silicon source[J]. J Eur Ceram Soc, 2016, 36(14): 3465-3472.

WANG B, ZHANG H, PHUONG H T, et al. Gas permeability and
adsorbability of the glass-bonded porous silicon carbide ceramics with

controlled pore size[J]. Ceram Int, 2015, 41(2): 2279-2285.

[67]

[68]

[69]

[70]

(71

SiC ceramic membrane using zeolite residue as sintering aid for
oil-in-water separation[J]. ] Membr Sci, 2020, 610: 118238.

JIANG Q, XIE Y L, JI L Q, et al. Low-temperature sintering of a
porous SiC ceramic filter using water glass and zirconia as sintering
aids[J]. Ceram Int, 2021, 47(18): 26125-26133.

WANG Y, LIU Y, CHEN Z, et al. Recent progress in the pore size
control of silicon carbide ceramic membranes[J]. Ceram Int, 2022,
48(7): 8960-8971.

ZHOU J, GU Q L, LIU F, et al. Low-temperature sintering of silicon
carbide membrane supports from disks to single- and 19-channel
tubes[J]. J Eur Ceram Soc, 2022, 42(6): 2597-2608.

HUBADILLAH S K, OTHMAN M H D, RAHMAN M A, et al.
Preparation and characterization of inexpensive Kaolin hollow fibre
membrane (KHFM) prepared using phase inversion/sintering technique
for the efficient separation of real oily wastewater[J]. Arab J Chem,
2020, 13(1): 2349-2367.

MAN K X, ZHU Q, LI L, et al. Preparation and performance of
ceramic filter material by recovered silicon dioxide as major leached

component from red mud([J]. Ceram Int, 2017, 43(10): 7565-7572.



