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VO PSS SR R BR A F] , B4R 338000)  2(JETREAAL T2, JE1T 361005)
SCEIORS AR AT, SR 362200)

B F ORERAE A ARNI P R BB TR Z — o B R H 2R IR
A X A 53 1 2 A g b T P TSR o A DR, 53 SRS AT S8 XELAAS B BGIE . — 4k (3D)4TEN
BOAE R HERIFPR T7 3 B 0 _E R S 0F, T LA XRRE oK B E STENR 2Rk, A A | (R
B EOREEE L A R AP TR SO A S AU R B FORRY R Sy o ARk B 3D 4TER
TR R R FTEN S HE AT BV R 2, ol TR BT LR S R IRIE AN, 3D FTENHOARAE (il 7>
BRI B TR RIS RN . A S ER T 3D STENEORTE (3 73 B W58 U0 (4 o O R, 645
3D FTEREIEFEAT . 3D FTEIEIE [ E AR 3D FTENE AR A B 8 1 3D $TENEORTE (AU g 2L
A RN R

XEER (IEOE; S4ETED; BEEA; R

53 B R AN 53 A Wy e s A R S A PRAR Z ] (8 A AR 22 5 S B 4R o e 0. BT, 68
T EHORCAEL YAl . FRET DA SE 96057 S50 2 U 5 T B BMPE I . 2L geiilis T2 BR
il , 2o B Sy B A SRy (A S R A IR T A RBORY S 78 B AR R AT LA IR i A AR
JE R T 380 B f BSOS AL BR N o —Jr T, VR 2 R BE T DL T SE W IE , S BOLAT
G B AE BRI R M 55— T, BT B G 8 3 75 2335 70 A | ik 4 D Y (3% 03 B9 R e itk
TR S /NI . R 15 b0 €3 o3 B AT HORI A8 A ME LA AT H 25 52 2% 1 3 B e oK PR il X
REAE 1 Bt R AR DR 7 G2 (B o B T AME A . DR B IR (s S5 I HIMER , 32 e (3 20 B AR
DL e 3B I IV T . RIEFTIHIEBOR BOCHE S, = 4E4TEIHR (Three-dimensional  printing, 3D
printing ) X FRAHEA il 15 H AR (Additive manufacturing, AM) , 8 i A48 ASTAYHERL . dHBERIR G50
2, AR BB R dE . AR AR 3D FTENEOR A RN 3t BAY 52 204l
RN T A TRl ik A= P A LA P A R R il A AR v A e dil A i Pt bl . A, 56T
Al | G Al R AR IR R I S SR 3D FTENEE R B 48 & H 2R TR AR, BB A% 1 X AT
FAOREL TR RE AR 6 RO BT BN SR 7R BT . MUK Tl il g AR5 4045 2 )12 BB
SRS TR R S SR B AP 1 O 3D FTERER TR AT bR 033 5
B ) TR e gL A Ut 7015 2R %, a0 3D FTEN B4 . 3D 4TEN (R
W E M 3D ATE AR AR IR G461 SETF b, AR SC4R T 3D FT EVH AR A8 (3 4 B 45U A 0 FH
J& A4 3D FTENHEOR M & AL . 3D 4T ENEORTE (385 & Sl -4 (14 2 e A JH BLR LA 3D 4T Ep
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1 3DFTENFEAR#ER

3D FTEREEAR SUFRBEAF i A . P JE £ R (Rapid  prototyping, RP) sl Heis J5 5 il i 47 K (Rapid
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FATTHER, AURFNRGI SRR A B TS Al B TCHORAN 5 i i SR AR A . 1977 4F,
Swainson fE & Fl| “Method, medium and apparatus for producing three dimensional figure product” HE X2
H 3D FTENRUMES . 1984 4F | Hull #8581 45— 7 AR AL OB B 465 IRBEJS KAl 14— B
1L 3D ATERHL

3D FTENEA PR R it A R A gl 1 HOR B RR  JRATAE I m REOR TR . Horh LR
(Vat photopolymerization ) 5 A S e - B 3D TERHOR | F 258 BOGR G W) SRS I, AT 5 | & 2R
R SRR BAT 2 BER B 3D FTERS ANt A B e AR s IR RITRU Y (Fused
deposition modeling , FDM )% AR HHE 1T B 5 155 S s AR E A 107 8 o6k [ AR 0 S8l 3D 47BN
BAARRR . APRHERE B AT EN S AU R RE LS5 U0 3, = N ) 12 /9 3D FTENEOR . Ak,
PBA5 W52 3D FTE (Inkjet-based printing, IBP)" '\ % [ fEREIIAH (Directed energy deposition, DED)!'|
)2 A (Laminated object manufacturing, LOM)USJUE%\*}*%%@(POWder bed fusion, PBF)“”O}%
BRE ) o FETHARFHAIARE, FIRBRTIZEERERIE— LA 53, B0, G AR H AR AT 73k 57 AR
621 (Stereolithography , SLA)2! BFICALHE (Digital light processing, DLP)# W 7R (Liquid crystal
display, LCD) | BUGTE A4 AR (Two-photon  polymerization, TPP) 2 DL K % 2% i 2 i ( Continuous
liquid interface production, CLIP) ™ 45F-HAR . BRI A6 13 S AT KA BN IR] (48 55 3D FTENfY
KEE ST BN BE AR 2245 Fh 3D FTENEOAR K SR A B 1L 77 10)

A Laser source B Material spool
Elevator

Photocured part

Deposited part

Platform

Liquid photopolymer

Laser source

Material sheet
[

Heated roller

Kl =4EGD)ITERRERER: (A) SLHOEZ]; (B) SRR (C) 2025
Fig.1 Schematic representation of three dimensional (3D) printing setup: (A) Stereolithography (SLA);
(B) Fused deposition modeling (FDM); (C) Laminated object manufacturing (LOM)

BT RS 3D ATENHIE RSN, 3D FTENA R RISt BB FERIRL 2 1 & T i 4=, i an AR
PIAPREST L KBRS B AT AR AR SR T ENRD R E N T 3D FTERAR Bk g
Y 1 3D FTEREAR il BE S M HIFE . AEFTEREAR SITERRARHAH R A & T, 3D FTENRORIRAT T
SRR T3 BT, 7 Tl AR 7 A KRLART TS A3 13 ARHT, P it el 1 i 2 sy
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2 3DFTENHAREBIESEHEINA

AT AR 2=, 3D FTENE R 224k A 2 2= sk AR AR AL 1 0 AT R SR BB A, A 3 A 5 il
PN B MORARD | R IRE S A s DO A L 0 | LA Ry — R R i 4 78 S e T I
WHAGIIRE . TEEISA BT, 3D FTENH AR AR AL T8 2B B, FEE R E AR AR & . @
T AR DA B i A S a5 T
2.1 3DFTEN@EHEENEE

P RO AR £ e ARAE S — 0 22 0 AT B R 32 Rt s FH M AP S AL 43 B g 00 mT LA 2
R TIBI oy B aifb oK . S SRR s B IERIRR RS . RS . B RS R
FRGURIRIN 2R oAb B, £ LRSS i TR 2 TAES /N BUAL SR . S5 GER M fl S B AR
6], 3D FTENFEAR AT LL Bt F Il 1 &2 2% i IS 2 , R 78 S50 = b S B AR PR HE R AR I DLt il £,
P T REAE BRI /N R (533 R Gt T T B

2014 4F, Sandron HFFE 27 YR FHBE PR MO CRB L BEAR (SLM) B2 T8k & b TR B4+
W, SRS BT 7E 5 mm>x30 mm*58 mm AR CESS (8] Y RS 7 T AR 0.9 mm, K
k600 mm FFETEIE . EKA SRR TR S L SRR M LA SR S 0 P IROR R SR RS &6
BHTENREA I, AT 75 AR A2 850 25 B A T 7 00 R e S SR YR 0 DRl R T s el ok A (o i i
# 30 mm>30 mm BAZKIG AL EIRE (PTM) 1Y 7 =X — 20 AR i T AR IRAR I ERE . TEATERAEAE N4 il
JAH Cyg ERCHURHEUSE AR B AR R A 19 07 3 T WA At ) 2 8 T REIR &9, PI2P e T
HHT IS, E it RAE SR B ReA B (AR —Fh LT 3D FTER R/ NRL A A R G577
TERR AL ZS 6], Paull BFFELL S et T % 2GR SA WY ARFE L 77, 388 3 4 B 00 A A e 1 23 5
FEIR , P SEEE T 10 Rk 1 BIR S W R RS R 535

{1 3D 3T ENSC B 38/ NEAL B 7 R FREIE A @35 (GC)HR . Lucklum BF784H 7 i i v
Ay P ST A AL R (SLA) FTERHLZE 36 mm=36 mmx18 mm BEH P HIEE T AN 1 mm, KEN
450 mm [ [F1 SR E AN 2 BE () SOA 0 il 3 |, T2 B K SR AR R b = AR B O SR . B AE AT
Ep{a 5414 I FE Carbosieve®-SII GEERVE A &1 2 AHHEA T (01540125, 518 18 04K A0~ i AR TP S AR T
3D AT EP A SR EAT A ELA T i 1) [ AR R B L i R Mk o PR . SR ATI 3D FTENAY SR
TE RSB 2065 4 st A R A 35 ppb(107) , JF H HARF 5 RS H R 5 EE ., % dit
— AL T LI IRRS BB, AR5 TR L BRAK 2 2.3 ppb . SR, A1 1T SR R s TR G A B4 T B ) €33
WA E 45 CHERAM T TAER , RE WM B RGeS H T B 55 X e — e fR BRI
THIRAEYMEHESMETE TN SR, A m SRS IRe k& B MR EE A 1EN &
TAR I AR R, Lee AFFTAL M 26T 1 15 4 JB BOG K4S BUH (DMLS ) 3D 4TEIH AR AE 34 mmx
33 mm>2 mm FPFE FEMHIE TR T m, NN 0.5 mm KRG 4 TR S AH (4 15 1E I RGE i
PUREVR P R B U BB A (OV-1)  H TRele . J7)8 . BEMBR SRR SRt ZITENR
FHETER: AT RAF A ERE > B TR , 26 53 B A v A ULSR 21 BH S5 1 €00 5 0 #4818 Tl S5 ) R

Br T RER R A i At A T/ VML 5 i BE SR AR A, 3D HTER R BE A X ili& Re ik e T
PRI B U AR X (033 43 B OB B 0 . Paull BIFST 20 424 B 13 1 45K 9 3 Fhid i 454
(2D IEJE . 3D WIE A 3D SREEIE ) 9 3D FTERAEAS (81 2) , I HLEE T 3 Fh i A i IRAE o B AR, 45 Rk
B, 3D M 38 30 1 035 o3 B M R AR, IR S5 fh I B ) 38 A B T4 = i 19 2 B e RE . X TAE R
N T 3D FTENEARTERN 53 (03 52 A 240 ) 12 i s S 8.

2.2 3DITEN@IEHEK

25 B 0 A PR 32 SR FHBROE [ AHASORAE R R HERI I A H 308 EORE T BC i 119 50 T 3
BAR FLAEA R AR BN 5555 , 4 A 176 = 1 20 3R 3B 70 B AR AR AR XA P 110 2 MEFR S5 4 , DI 3R A5 2%
PR — S (i PR BE 40 . (R AL T S0 3K A E (G EOR M At R B AL vl 42 | X LG e A R
JEFFAOTE B 727 ) o, LI, B R 3 PRESA4 (A 5% T 22 i 458 PR 7E B e T H A sl R AR A 2 1o, 41
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E2 3D fTERfaiEts@iEiit: (A) —4E(2D)JEMiE; (B) 3D MK, (C) 3D ipIRiEiE
Fig.2 Column design: (A) two-dimension (2D) serpentine channel; (B) 3D spiral channel; (C) 3D serpentine

channel*?

ol SO T AR O BB R R AT IFSE 7, 3D FTEN AT LI A il v ELA 52 e st b €
A ST G AT sh F1 2 T BRI T — R A i

Fee W58 2H SR TS WU B B0 (CAD) 532 MO ZIHE AR (STL) , BEH3FFTED T 87 7 e B
WRFINTFIE 3 A AR RS M, I H OB . 200 . HEA DL SR RS — e R — R T
ERFRAS o AT ED TR i T AR RO B S IR) 0045 5 25 R 1 ) B T 285 SR A 24 SE R 3D 47
R AR 1 T OK R A T3 P P A R L R AP PR LR . A TR HE AR S 4 (7 BTy HEAR
ST SIS — 25 88 T R [RIMERRBOR O o) (P RE A s mi 1 dm Nk . I mifk . R
NI RTINS i RS . S5 R R, A e HERU DU I R 25 f R AT T SR BB AR e 3 I A e Pk T Bk
TEAER “HAR BeHEURDLADEAR A AR, SRS TE BT SER A0 T AR ek LR
(E5 7 R g L (RIZ LT 3D 4T EPR A )P (AR R TR (il Bt T — R e gy
%o Tz xRk . 3D FTEIHLAS (815 B 55 B 2 RE B 45 1, 7207 VA 6k HH 0 RO ] 3kt 6
SRS R G S T R I B0 R TE RS MRS s h— I, %0 ik A AR AR A FLIE R a2
BRAGURLIEFEAE PRAH 2230 PN B0, S B SRS A0 G b AL () (0 34 | 5 B R B 4 T B AR (X
FEFATENEEAR ) FERHE | A &7 MELAFESEBR P N o BRIUE, 3D FTERA )7 (A IR 1 & S ik A5 i+
3D FTENHEAR MR EL R . 5 T HLERBIFSY , Fee WFFTLR S0 3D FTENA AL PRES M I 1 T 251 26 A1 43
B9, Am L 3D FTEI T MR o DU T AR R () AR | 3 2ok VI AT A VA, I BRI O S A
(LT 2 ZAE IR , 1AL R A ELAT 300 pm BLAEAY 3D $TEPZERIFLS 10~40 wm BILF2EZE NFRFL , BEAT S50kE
oI SR TE A B A AR s R R SR B i . (] L L FE (DEAR ) T REAL 4 a3 A i )
Tl B 2 SRR EE A, FTCR AT 51 R 69% + 6% 57%.

i3 3D 3T ENHI A ¥ A R RE L T3l R SE . Paull BIFFTLH ) B A w5 i 5
(PolyJet) A 78 3D FT E[1 ) S HpA & I il 1 1 ELAT 2 40 () R DN FR IR )2, IR FH G BRI Ehric i AL
CLE R TR A A0 0E T T DR i oy B8 1 o % WFoT i IR T — 20k il A A (i S8
MR 1 [0 52 A O 28, TG 0 M 2 TG B AT ST 408, I SRt — 45 AR 2 G i A i AR, i
PRI . Fichou 257 5R FHME 8 3D FTENE AR B SCR I ERS B UTRUL — @ K | S8 MSE i
RERCE E AR (8] 3) , FETE YRR A 0 B 0 S 56 Hh R AR T 5T 65 2 (0 AR 24 10 o B Mk B o 3l b 1%
3D FTENHE AR Ml 08 2 (033, B T AR I JAS | 38000 St AR5 R AR T 2 A A T 2 sl A | 3 BB 1 11 52 A
ORI —1 | DA T1E 2 a8 0 7 Bt gt
2.3 3DITENEHEFENRRES

& FHAE L (Solid-phase  extraction, SPE ) 23 I [ < HUHE A R €0 5% AR M gk 4 7 i i A5 A
AL TR AT A AL AR A TRAL BIEEE R S 3D 4T BN ARTE [ AHAE HUTUR B A 8 2 RS S5 -,
BRI 3D FTEN AR 155 3D FT B A AL HE 2 AP 7 T

FIFH 3D $TERHE AR il 25 B AR AL BUASF 20 1 A Gt (F il i 75 22 Ll B AR 5 Ll i A5 A BR 1, 76 5256
ZE K R AT AR AR SE A AR A BE T i o 1 AR S BR300 5 05 T 37 e 1 o P A o 5 2% 2, IR
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FI3 3D TENRERGHIZ: (A) MBI (CAD)BERY; (B) £ 3D 4TENZLLFHY 3D FTENHLIFAL
Fig.3 3D printing of thin silica gel layers: (A) Computer-aided design (CAD) model; (B) 3D printer prototype
with 3D printed parts[ss]

U, 19 3D FTEN R GE Rl PR S A A R R G 3 R S SR UE . [FIE, 35T 3D FTER AR e i1k
il DA RIS 28 3 W] AR R AR T SR A Wk %) [T AR 2 ke 8, Ak 52 2= Tt i R e A =
Hu WFFE20 7SR 3D TEN AR M EE T 30 i 9 (3D-wF 1) 207 & T 50 (33 B RE B AT AL 2 | g
g e 2 B R B WAR A th P A ) o %7 B FEGIEfk 3D FT B 22 iy 116 426 Fl R 151 AH 2 L
(RSPE)its i, it i I ORI (PAND) B A REME G R 0N . 2 AR BCR B A 20 R UL R (I A4
T BLYF (Y B TR T 32 B 77 , o PRI W A6 50 PP e 0 6 A, HH BRAIE 2 1.10~1.45 ppbo Maya 87848 % A
JEEIE (SLA)3D FTENH A £ T A8 TER 7 7 PR 5 28 04 A 5 A5 R P 25 490 195 A A LSk P ARG
FECT, 3D FTEIE S 5 2V E B8 s S BT H R (MSFIA) 454, T Cr(VD) IITER AT A4 . T4 LA RO
SR B — i IS Cr(VDAER S LS-ZR REMH(DPO) W ARG . 4546 . W RIPEN 4t
Fio TG BA RIFRRFIREYE, H NS H IR B 518 4.8%F1 3.4% , 1% 07 8%} Cr(VI) A£G
JEHE A 1.6~300 ng/mL, ¥R 0.5 ng/mL, MIAREISCEEH 95%~105%.

3D FTERHARRR T BE M AT RR R Z5 46 A g (R 1T T AL A5V E A | 3 R 22 20 TR S or e kA 1 /N ALB A
B AL, 51 AN B A BB B R/ IS R M T S B R AR A B . Hantao BIF5E 40738 s ks i1
FL(FDM) 3D FTER AR & T — R M B O AR &, IF N F T i i T8k (K 4) o iz F 8 17
25 mmx50 mmx10 mm FIBRGE R IR TS Celite 545 1 Pk i AV hy [ 2 A1, T iBE il A 2R B S5 1 4%
IR B A TR T %) A LS [ 4 e 22 SR 9 1/10 , B g v AR 32, 65 5 M 1 2 BRI ISR R 98%
Barron A7 4O HE T AT 22 4E 420 14 3D T B AL BUBE , 1T LA TG W20 2 o 65 0 B 590 B0 . 1%
& O A T PR B E D B EIBCR T 70% , 6 H BRACE 60~154 pe( 5T H: SPE M%) , i] Z4E41 %%
(IR 235 R B o 2 0 R I R T4 R 1 o Maya BIFFR2H OV RGBT —Fh & A 2 AL 0 3D FTENTE
O AT AR SR RE 5 4T ER BRI , AT AL R AR B AR R i A, I3 e 7 4 T ERUELCR N SEL ST R Ak 2 BRI A
A U ) [T AF 2SR B L 12 A A S R e S I B R 28 mmx 12 mmx 1.6 mm.
Belka BFFE2H 2 B0 3D FTED T —Fhi BA RIS , ik T /3B A A BU( Dispersive SPE, DSPE ) id
T v R T R A 3 8 TR ] S R A 2

B A A AR AE AR, 3D 4T BN A I i i 1 2 HC T o A A 2 AR | 3 ok g A vy B A % ) I 2 A 48
KRR HE TR, 32 TF AR BLR . Ceballos 5 B T —flUEA 5 46254 149 3D 4T B [FIAH A s
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200 pm

B4 FITFAmREAR AR 3D TENRRAC B (A) BEESMIL; (B) BUBIEREES BREEEIR; (C) ik
B850 T 4 AT P B P (D) b 1 A RIS 430 5 (I ) PO A3 Py 3 T VAR 32 A )

Fig.4 3D printing microfluidic device for oil sample extraction: (A) Device appearance; (B) Digital stereoscope
image of microchannel; (C) Digital stereoscope image of cross section view of approximately circular channel; (D)

Surface depth profile of the output; (E) Surface depth profile of microfluidic channel®”

BT/ MAFRALAE B/ NS D7 AR BT LATE O 7 D7 PR ACHERGE R | 3645 1 T i 1Y) L 3R I RRURNI F 1 e (]
FfsE O 1 28 M SPE (ff T AR b il B AR IR 2 W6 ZE A ) R, 32086 0K R AR RS TR T8 e FE AR TR I 4 T BN
P20, AT B UV, 10 YEE A BCLI A BGCR KT 90%. Gupta 251 B+ T —Fh A
A 3D S S S5 F Y AR AR BGE A S Bl a5 ARG 3D 43 A5 R SRR S AR AR ECRE B P o B s rE] DA
PAFH R ARIACE . B TAER /ML | ARBAS RS R AR it A I 5 43t T R4 iy figp o
5% RS8R i i — 20T & 3D ATE A s il s e 1 456 T Z R0 AR A UM ), 785042408 3D 47
R AR A [ AR AE B AU H 9 0 FH 7 o

R T ATENE AR ZE HUARAF A1, — 26 3D FTERMA R A 2= Ak B2 D REAL 5 s (i B B 2 W FRHRRE
PRI, 3D FTENHE At a] B3 T EN B AR AE B E MR . Su 251 DG ML 3D $TENHLANER AR TR IE 3R &
PIRATERMERL fil 45 1 — [ AR 22 Ok 8 (18] 5) , Tt b DA T /KR i rh B BBUR B2 0 3% 22 BRI 40
ERRET 1% A U T PRI b HE S 36 ST 5 RS AR O MR i T AR S RS R G
FH 12225 822 T HH 38 PG00 52 0038 R T 22 ) L T80 o B, 6o 2 S S BAGHE T N T B 5
LRI T AU B A PERE SR R T EN S AE MR 7 (FDM) 1 5 X RIS TER ABS g Sh 72 Fl 2L
EAFRINE R E AR, o A Lay-Fomm 40 0B Mn® . Co®™ . Ni**, Cu®. Zn*. Cd #1 P [y
BRI E T 99.2%. Simon % LT YEE AL 3D FTENR ARSI TR TOC B A B 1 2 L2 O pEA
SER WL T2 o 308 R L R ) 2R I A D R TR A A AT g B 5 AR AR 2 AC BRI SR B
AR TRTR (PEGDA ) 25 il £ HAT B85 1 5S4 B i W B AL | -k FH 3R & el FLBS AR B R T
R AR TR A LT 1 (BSA) 5 o-BEE B 1 (CPC) B W BTS2 56 v 2 B HR -5 3 it A 2 M K s 551
HA B LRI PERE . Carrasco-Correa 25 S I 45 T ELA 23 OGS 47 04 18 25 TS
J5 7K HORUE TR ) S SR AR T
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BIS  SAA FPSL T REESI R AR A HU(SPE) R . (A) CAD BEAL; (B) SLJ7RIESIHATHY CAD K5
(C) FEHEMARIUG LA (PTFE ) RN FLIEHAR Y 3D FTENFE A ZEHCR & (D) 377 51 i A
s (E)HS7 ST 5 R

Fig.5 Solid phase extraction (SPE) device with ordered cuboid array: (A) CAD model; (B) CAD drawing of
cross-section of cuboid array; (C) 3D printed device with two female connectors and polytetrafluoroethylene
(PTFE) tubes; (D) Cross-section of cuboid array; (E) Isolated cuboid array[“]

3 BEERE

3D T AR AT 5 B 1 R R BB RE 7, ol €7 43 50 R G A ML PR AR A T — A
ORIy 28, I L 21 (30 USRS 0 2 0 B R, 75 €685 B8 B 9 0 52 1 7 T e L
Ty B, 3D FTERE AR ES 152 XA Rl 3 3 LAV 2 (0 2 T334 AP0 R M 5 LA e HF
I LR (G4 B AOHLEL e MO0 (40 B ORI . O, 3D 4TERBEAR BEARR 2B 5 85 MO 42 5
45 e HH A 10 B T g EL AR A e 52 B R R, 3D TR AR i 11 5
ST T A (0 FCRE M P S48 | SR TR (™ S .

ORI, 3D FTETSAR A AT G4 2 k. (1) 39 3D STERER A TREIELE 10'~107 pm
), 326 A T 52 B 0 R A B Fh BORHORE 1 ) e — 7 T G758 31D 7 EID 9 € 85 R R A 50RE B 32 B
THTEDREIE , e LA B o5 VT R IAT T 5 A0 S B SO s 59— 7 T 55 3D T BN ik R DL (2
P43 80 o P T M S e L A SRR R WKM7 3D 4T EP B AR AE (50 43080 AU e R P (LR R
SR FROE T4T EBEA HTERS HE TR 25 20 nm ) 3% (30 HE 505 B B0 | 4R THTERS BE (L (b Kb
SR TN TR AS TR TR B SEBRRI . (2) 3 FIEY 3D TETAPEZ 0 A ML A ik
F ECRAPRHO AL A E R, B A, Tk e TSR I ; WU EE R . 1L
SRR IELT . AFASE DL R G TOH Ut 4 T AP RHUAEAE I TR o FTET ER B B2 S5 . (3) i
AR A B A5 AR AT A PR, DAHCHR R 65 A P ) B A TR B R 4385 | T8 40 3D 47
R 3 H U 22 o 52 Lo | T BT AR P A 2B AL AR TR AL | SO RO H A LI
B A B PR LR TR, SECHT B R AP 15 2 MU € R R ICR A7 22

JRUE 3D T EBE AT (0 500 o A 28 2 R R A (LB 3D 3T EBEAR 7RIT 2 F Rk
BREROFREGIE | 3D FTEHRA BRI G L3RI, Fo 00 RHEHL R BE 1172 SCRIYERIRE T , 9 (R0
S BRSPS T R (384 71 TR S
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Applications of Three Dimensional Printing in
Chromatography Separation
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Abstract Chromatography is one of the most important separation and analytical techniques in production
activity and academic research. With the growing demand for applications, the development of targeted separation
devices is costly. However, the difficulty of constructing modeling makes it difficult to validate the theoretical
studies of chromatography. Three dimensional (3D) printing, as a technology that can fabricate objects by
depositing materials from the bottom to up, can custom print complex structures for specific needs, and shows many
advantages such as low cost, low waste, high precision, high flexibility and parallel manufacturing, demonstrating
great potential in the field of chromatography separations. In recent years, with the rapid development of 3D
printing technology, the printing resolution and speed have progressively improved, and the range of printable
materials has largely expanded. This has led to preliminary research and application of 3D printing technology in
the field of chromatography separation, resulting in brand new discoveries and technological innovations. This
article made a comprehensive overview of the latest advancements in research and application of 3D printing
technology in separation science, including 3D printed columns, 3D printed stationary phase, and 3D printed solid-
phase extraction devices. Finally, The prospects and challenges of 3D printing technology in separation science
were discussed.

Keywords Chromatography separation; Three dimensional printing; Separation technology; Review
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