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Abstract: Additive manufacturing offers a transformative approach to fabricating ceramics for water
treatment through precise multi-scale structural control. This paper comprehensively reviews the
application advancements of stereolithography and extrusion-based additive manufacturing techniques for
fabricating water treatment ceramics in oil-water separation, organic pollutant degradation, and seawater
desalination scenarios. However, persistent challenges involve resolution limitations below 100 nm
constraining precise separation layers, trade-offs between structural complexity and mechanical integrity
causing delamination risks under pressure, and scalability barriers elevating costs. Future advancements
will require self-healing smart ceramics enabling autonomous crack repair alongside machine learning-
guided co-design strategies to optimize structure-function relationships. This review aims to provide a
reference for the research on additive manufacturing of water treatment ceramics, to promote the industrial
application of additive manufacturing technology in high-throughput and long-life water treatment ceramics.
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Fig.1 Additive manufacturing of ceramics for water treatment

(a)total number of publications related to ceramics for water treatment(data sourced from Web of Science ) ; (b)DIW technology and layer-by-layer

stacking forming principle’®’; (¢)SLA technology and point/line scanning forming principle'®”; (d)DLP technology and surface scanning forming

principle’™®’; (e)main research progress and applications of additive manufacturing ceramics for water treatment
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Fig.2 Micro- and nanoscale functional surface structures

(a)helical turbulence promoter™; (b)straight tube and corrugated structure'®’; (¢)sinusoidal corrugation and helical configuration of tubular

membranes’

I; (d)surface-linear structures prepared by direct-write extrusion'®!; (e )diagram of the antifouling principle'®’;

(Dlinear and annular patterns on cylindrical membrane surfaces™; (g)linear wear-resistant functional layer'*"’

3 S 3R T 3 R B e TR T T 4 T e 4
4, R FHRE 80 2 70 45 25 015 5 Ja S it D L 345 it B 177 B
VIR T, A RO R 5 G 1y 30 5 )25 DU RR T B b ok s
T, SEEE T 0TS Gl 5 TR P A P R B T, R K Ak B 4
HE T S A RO I R R AR . SR, R TN D) RE S
145 3 25 2 0 P 45 G 1A B g FuK Ab B 72 5
FECTIRE LS MR B, B I N AL, T TS TR
oy B TERR AL,

1.2 #HEFLESEHSEEE

1 458 Wi 85 DR A E G Y L B 1 A T 20 R B AL
Pt A2 1 AR G A8 (B S #2 1 pm 243 B2 100 nm
Bk IR ) | S S50 R R 22 TR 3G B SR 5| R TS Y
Py # S iR e R AL A A L B R ST A AR
b, 523 B 1 22 W) I 22 AR AR R TR TR
AR R BRI, HfE LIRS 0 Al A e R BE LI . AR
T, 38 b ) 3 e AR Ry ax — xR AL T i ik At
VAL N2 /| NN b TN i T s = R A i N
TE A ) i P B R R AL T R T AR
i .

BCHE TR 22 X I AR Jl 1 - Al Wi 28 B S 4
A/ 5y B8 )2 W AR G AL BE IR TSRS, 57 T ALOL P %
AR R 4 - 8 2 HE & 1S b R 12 (layered object
manufacturing, LOM) , f# g T KRS F-Hz By 25 A5 5 1H

D P4 22 1) [ T Y g 23 K 2 28 1 7 [T Rl
K gk AR EE (SIO,) 3 78 19 B U LRk R b
(PDMS)/WE RN HEHF i 3SDFTERI AL, — kil & T
ZALBE B WL KolB Bk i (B 3(a)~(c) ) , Bilike T 5
T 285 B P (L o 5 1 B B2 A1 6 5 ) Ak, i L
TCA B T FLAR /N o P AL Tl K 2 A 1] A
i DLP SE[E Ak 3D 4T B4 AR il 485 ALO, B % #E T2
BEFL, IR (300 pem) 5] TR (200 pum ) £ M 45 06, I
3 A S E Ak R T 40 % . 7E 200 “CHYE
T, o B LB P 8 %ot S L — S e S T K TR A
Py (& 3(d)~ () 53 BRI & T 96.5 %6, 4 = il i
KA B $ A T e B R AN e R R 2R A ok
T 5o Ry i DR W 3 TS TR R L B R S BOPL A R 3o A1
DA e Aot L X LA 9 2 %) ) A3, Kim 272K FH 200 nm
BB R A AE Ry 5 AL AR, 36T 3645 0 mE 5 3D T Ep 4L AR
FE H bR XS 2 F TR, 3 3k 4 41 T B0 U B0 42 3 285 A
i, DTS L Bt/ 58 B A B AL O B 28 RS 445 4 114 1]
B o TXFIIRETT{of P 522 ) L B R i 5 ok S i L 1)
P T I B P AL T, 8 R T B A A ity T (v 3
i JE ) R AT SR

Shy 12 i W Y FEE ) 7K e, T B TR A 25 A
BAMS LA 3D FT B A4 Bl L S AR (FLAR 29 0.9 pm) 2 JE
JEE , HE I V2 T 1A B WO AN 40 2K 9 ALO, B % GBI



188 BT R

2026 4 5 H

RHBRE , AR UV G RETR 4350 1 1] J2 (FLA&
25 226 nm) F1 5385 2 (FL12 49 108 nm) , 2R 5 A7 — Ik
PEIpesh | b TG0 I hedh i BB TR (K 3(g) ,
(h)) o SRFHIZ 7 v il 2% 0 B 8 R S P AR 52 45 A
B AL s, alivkal i ik 0.0122 L/ (m*hePa),
Al 100% A B CeO, M TiO, B 77 . BLAb, 15 25 7 A
BASFEF DLP 3D FTER 4 A, 38 2K o 4 il 4T EN 45 4
SEBUE 2 0 3E AR X AR T (B 3D ~ (k) o S XK
SER A LL , FE X R G5 A8 1A RUREJE N K 1R
JETBH 3288/ 1 45 1 3 e EL v DA B 4K G i

(a) .'Screw pump (d)

Glass
bstrate

Oil/water separation
OWater Oil

(" cAD model Sitered [

Asymmetric

)
vs

ABAL G R FLAR P B . Jb Btk T K2 1 7 H B R
FDLP 3DATEIH A, —R{L A T ALO, B & Rt i)
PR LI R B R UL TS R RS (R 3 (1) ~
(n)). Hor, ZEZ LA 150 pm, 43 B2 E AL 38
pm, B4k 5 TC 52 RS0, il U T A% G B B R 22 A0 R
o JZEIF R RSB R R, AM B AR ] £ 1 B
JEEXT 100 mg/L & i B K AT 13 e, 3 A R 1k 8204,
Bl A € AE 0.00053 L/ (m?hePa) . ZWF58 8 i
DLP 3D T ERFE AR , 52 B0 e 5 B A2 mid Pl 5 1) — 25 b
R, R A D RE AR AL 1R L

K3 B AL
(a)~(c) B H i 3D TENGAK SiO, TR PDMS L ALIE B IIER 5 (d)~ ()6 [k 3D 4T BN ALO, HETAR I AL K Ik 43 B s s 1 0
(g), (h) Y64k 3D HTEN ALO, P B IR S0 #2222 43 85 2R B B BAOMIE AR 5 (1)~ (k) S 14k 3D 4T B AL O, P 7 [ o 3 ek A ek i 1
(D~ (n) S Ak 3D 4T El— 1A B ALO, Bl 2 IR B om e 45
Fig.3 Fabrication of ceramic gradient channels

(a)-(c)DIW 3D-printed porous PDMS membrane filled with nano-SiO, and its wettability tests**'; (d)-(f)stereolithography 3D-printed ALO,

conical gradient pores and a schematic of the oil-water separation process

';(g), (h)schematic illustration and microstructure of the support layer,

intermediate layer, and separation layer of a stereolithography 3D-printed AL,O, ceramic membrane**’; (i)-(k)stereolithography 3D-printed Al,O,

ceramic membrane with high-flux asymmetric channels™*’; (1)-(n)monolithically integrated Al,O, ceramic membrane fabricated by

stereolithography 3D printing and its microscopic morphology

S 1 T AR DAy K Ak BT P R o R A T IR
o, AL RE S B 2 B2 FLIE B0l 4, O 8 25 4 J
TR BRI Z A0 s T2, WHE RS, ZBR
AT SEBFLAR RO T3 A1 B 475 RS R 420 4R
1M, 32 BR T3 8 0 P, af LA ] 4 5 2= i o 1Y)
IR GALAREE ™ B — IR B 2 52 B A4 1]
T B AR o P RE K Ak P B e BTt ) At — 2
P SCHE
1.3 SEMHBERSiteE

A 2 8 A i T R A K Ak B B e b A S T

[50]

BHRHE AR T T M 5 I 3 R B e 2 —
LB 3 5 2 A, 76 4 o L 0 B
S T Sk 2 S5 A R TS % R RE AR M
T O HE e 2 2 4 4 5 T 2 0
PR L e A A 0 5 0 I i A e
AL e TR L AL BEAh i i S 5 4
53T 1 2 52 B A A R I g e R i
45 () 50 B HRTE S AR AR M )
B 5 bR A — A B T 0 T
PR MR S B R T A g



Fo4l HSH

FERE T 365 K Ak B i e R RITE BAR A5 R S A H

189

DA K 5 [ e [ 25 ) N ST 5 P AR AL D BE AL 5
HEAR— Al il 3 0 TR S R

B AT A i A e A HORHBC 7 FRE 2 il B, 7
L S (1 B R A A5 S B A R DR B R B
0, I8 ISR B4 0 S FL A A, S AR R B 3 TR 5 1
A Kim 5578 ALO, FEMAR 1l i 57 & 51 A
AL PELL 7Y TiO,, (13 2 & OB A mkam & L
S PTG RE 1 M R A O AL T P . Fang P A7 3E 2
DLP $ARFKIAG Bk il 2 1 R4 Y- B Ak S ik
S RTT IR RS S5, 12 5 T 2 S A R ik 1 oeA:
O T BB, T i 1O AL AR IR

Rt — 2 M, i m] EL R T RE A R D S
5 S A BA 5 i B R B R ) g = 2 BaTiO,

B SR (1T 4 (a) ), 3 T M)A PR AR 2 V8 0 50
FEFR T JFUAE K TIO K Z 451 (BaTiOs-TiO, 44
KLMGIA R, B 4(b)~(d)) o XFPE IS ARHE
FEE (BRAEALAN 1) FDEBRAERIVE TR, BaTiO, ) 4
F8 T FRL Y A R S BE RS AT ALK THO, G AR L - 23 7Ok
FR 5, AT JEE B T P FL A8 5 G AR ARV 14122

'\

‘4

%

06

L S,
%

. BT- TOAR

0
é\
Direct ink writing’

@Bz QTi* wO>

(e)

() p [R) 3 5 A FH L XF 10 mg/L € 85 W JE £1 (indigo car-
mine , 1C ) ) [ fifp 3 38 3 B0 5 1% 0.109 min ™, PR RE T
L — LA R AL AL . R A B 2 M AR
Py PRI SR T 156 1A BA i ik 3D AT B 4 B 24
FLIE 14 Bl e SR, T e K B A B SR AR R A
MOF HEAHR , i Sl e e FL 2 WLt 1 i J32 5 oA
TG E AR (B 4(e) ) o FE 3 T 2ET5 U0 B N i)
A PLGL BB b, R R R 2 R BR AR
(99.68%4) , I H.7E 50 ¥k = 52 {fi I 4 25 )5 475 g O) F+¢
759 LA ERIRE AR (EI5(g)~ () o S X HLBR SR B2
I HE 2% 10 AR A A B 2 1 9 [ P O, B 1 AT A
NIE AR R AZ AR H SRR, 38 2o o 2 G A B A Y
weit, 3 Co™ AT Ak 2@ B M (& 4 (D~ (1)), Ji2h
FIRE T HLARSE BE A% BoRe 5 A 1 e = [ A AU 5C

BT AP RIOUAL o 3k SRS B B A
T AE S MORL- 251 - D e " — Ak BT i A Y
RLEGTRE) .
JETE K AL 8 W 88 5 S S b AT T o S
%%Jﬂ%]%#ﬁﬁﬂ@&?k%ﬁﬁJEEE%?E%TF%%
&, Fumed SiO, Y i v, :C:Cuo
- % %.1’ ﬂ‘\ YI‘: ‘1}" Osoge
1 FeO)[Trmesicacid @ 0 @ A
AP sol PS sphere }4»{ eCuNO), wH

Hydrothermal

_____________________________________________________________________________________________________________

Microlattice

£
bimodal pores = Y metamaterial

3D-printed SS-based

Co/SS-based metamaterial

* High-efficiency 1
synergistic catalyst Clean water

catalyst

4 SETRRES I S RE
()76 =4 BaTiO; 3 3 i A K& TIOL AR AR AR BE 5 (h) BaTiO; =4k 32 2212 (¢) BaTiO- TiO 40K 411
(d)BaTiOyTiO A AL > s (e) EM e S04 FIEA7 A4 1 MOF i3T5 (F) 78 T 35 A AR MR S22 LR B2 Co® 10
(@ HALEIE s () Co/SS B A AR (D T5 K LI iR R
Fig.4 Heterogeneous material structures and performance
(a)schematic diagram of TiO, nanomaterial growth on a 3D BaTiO, scaffold surface'®'; (b)3D BaTiO, scaffold ?;
(¢)BaTiO,-TiO, nanoparticle dots'®’; (d)BaTiO,-TiO, nanowires'®; (e)in-situ growth of MOF catalysts on ceramic scaffolds™®’;

(D)in-situ Co®>" attachment on overlapping microlattice metamaterial scaffolds'®; (g)electrochemical modification
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(h)Co/SS composite catalytic material ' (i)schematic diagram of catalytic wastewater degradation"*
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Fig.5 Catalytic degradation of organic pollutants

(a)-(c)mechanism diagram of photocatalytic ceramic anti-pollution'®’; (d) , (e )mechanism diagram of piezoelectric and piezo-photocatalytic

degradation of organic pollutants'>*'; () mechanism diagram of HA-TC
(g)schematic diagram of 3DP-HPC@MOFs ceramic degrading Rh B'*';

(i)color change of Rh B dye solution after 180 min degradation"®'; (j)UV spectrophotometry of Rh B dye after 180 min degradation’

catalytic degradation performance testing of CeO,/y-Al,O;-HNTs materi

P porous ceramic photocatalytic degradation of dye pollutants"™’;

; (h)schematic diagram of 3DP-HPC@MOFs ceramic stirrer' 8/

68]

ial: (k)with different catalyst loadings"*''; (1) prepared via different

processes[81 ; (m)with different substrate structures'®"'; (n)under different external conditions'®"'; (o)photocatalytic

degradation curves of HA-TCP porous ceramic for different dyes under visible light

[80]
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Table 1  Application of additive manufacturing in degrading related organic contaminants

Base material Composite material ~ Molding method ~ Pollutant Optimal degradation effect ~ Reference
AlgB,0., TiO, DIW 20 mg/IL methyl orange 3.5h,84.89% [65]
PEGDA700 TiO, DLP 10 mg/1. methylene blue 6h,98% [67]
BaTiO, TiO, DIW 10 mg/L indigo carmine 30 min, 95.74% [28]
SiO, MOFs DIW 20 mg/L. malachite green 20 min, 99.8% [68]
316L stainless steel Co SLM 20 mg/L sulfamethoxazole 15min,99% [64]
Hydroxyapatite HA-TCP SLA 5 mg/L. methylene blue 1h,96% [80]
v-ALO, CeO,,Ln,0, DLP 5 mg/L tetracycline 2h,92.7% [81]
7ZnO Sio, DIW 15 mg/L bisphenol A 6h,95% [82]
Acrylate group TiO, DLP 4.79 mg/L rhodamine B 6h,81% [83]
CaS0,-1/2H,0 TiO, 1P 20 mg/1. methylene blue 5h,88.6% [84]

Note: “#min/h, X% denotes the pollutant removal ratio (degradation efficiency) within  minutes/hours
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Fig.6  Oil-water emulsion separation
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(a)wettability testing of “lotus-inspired hydrophobic-oleophilic surface” ceramic"!; (b)enlarged view of wettability testing™’; (¢)oil-water separation

testing of stereolithographic 3D printed AlL,O, ceramic'®™; (d)schematic diagram of oil-water separation principle*; (e )hierarchical automatic oil-water
separator (HAOS)™; (f)multimaterial 3D printing fabrication of HAOS""; (g)device integrated with secondary containers for guiding two different

liquid flows'*!; (h)schematic diagram of water and oil stratified flow paths'®’; (i)schematic diagram of HAOS filtering an oil-water mixture'*")
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Fig.7 Other application scenarios
(a)DIW 3D printed MG@silica porous mesh ceramic''"!; (b)high-efficiency ceramic solar desalination device'"'; (¢)DIW 3D printed kaolinite/PDA

porous ceramic''®*/; (d)schematic diagram of seawater desalination treatment"®’; (e )rendering of seawater desalination effect’*’; (f)schematic diagram

[111

of an alkaline Zn-Fe flow battery!'*'; (g)schematic diagram of a graded porous ceramic composite membrane!™*/; (h) SEM image of the cross-section of

Ceramic-S-2.5 composite membrane'; (i) cross-sectional SEM image of polyelectrolyte coating''""!; () CAD model of a

[113];(

double helix ceramic scaffold fabricated by 3D printing"*’; (k) fabricated ceramic scaffold 1)photo of physical structure of

the gas permeator''"*!; (m)CAD schematic diagram'!'*
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