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Abstract: The dialysis membrane is the most important component of hemodialyzer, and its performance depends on the
feasibility and biocompatibility of removing toxic solutes. However, when the membrane material is in contact with blood
directly, plasma proteins will quickly adsorb on the surface of the membrane and bind to the glycoprotein receptors on

platelets, resulting in platelet activation, coagulation cascade and complement activation. This will inevitably induce
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coagulation and thrombosis. threatening the health and life safety of patients. In order to confer favorable anticoagulant
properties upon hemodialysis membranes, it is imperative to modify the membrane materials, including surface microstructure,
surface charge and wettability, thereby ensuring their controllability in terms of blood compatibility. The modification
technology of the membrane was summarized. The challenges and improvement strategies faced by hemodialysis membranes in
the current stage of anal dilation was elaborated. It was clarified that most of the current anticoagulant modification strategies
have the problem of poor stability and easy detachment, while the modification process usually involves the usage of organic
solvents and chemicals. This review also puts forward prospect on the developing direction of anticoagulant modification
technology for dialysis membranes: 1) developing intelligent responsive materials to achieve dynamic anticoagulant functions;
2) constructing a biomimetic membrane surface to reduce the body’s rejection reaction; 3) designing dynamic and renewable
surfaces that can self-recover or regenerate; 4) carrying out green modification methods which can not only achieve efficient

anticoagulant modification but also reduce environmental pollution.
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Fig. 2 Process of thrombosis
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Shaking

Preparation of PVA/PSS mixed solution

| .
1 1
: .CuBrz,bpy . ! PDA %
1 ascorbie acid PVA 1 .
1 e —_ 1 7N
1 / ..:(SIBDI) & ] m—
1 ~ e & P «q

: ) {
4 4 . |
1 1
1 1

1

y
- :(SSNa) (PSS) /
)4_;:2_{_1' Cah

B 4 PMP/PP TFC 64 4] & % PVA/PSS 4k Atk & B
Fig.4 Schematic illustration of the preparation of PMP/PP TFC membrane and subsequent
anticoagulant modification with PVA /PSS

) PES i, TA Fl a-Bii ¥ 2 Ca-LA) K A 2 JE O BB /NER N AR IRZ o o LA 78 36 T B B 38 1K )
2 ] LAEE B AL B A K/ .l ad Michael ISR R RS B 5 S REKE oo LA [ A2 1 R 22 1 L o J 1 AL
HA R K BB EMEARREN ., 25 08 A SR B0 NER N K 4 i b 1m0 . % TA X 20
FEORBEMR N (SVBS) Al o- LA 5| A2 PES B I, gD il 45 & & 2 B0 8 7 F1 28 2 A 06 I P e ik 12 . 1L
P RS ELAT B A 1 S K OR B2 Ml ol 29, 7°) IR R W BR 3R (96. 5 %0) ML 1 BSA & IR B % (99. 79057,
ROSE % 75 Bl 5 B B 1 SE 1 8 — 25 B (CSO IR 2 L Bl 5 0F I ¢ 10 1647 HF AL Ak BR 3% S WAL 75 — 28
BIVRT 5€ B, (A7 A . SO S 4 HEE SR TR 2R B B I 0 R 22 L KB 0B A T S G 0 L e A L ot A AR
14 B 75 P e A S G R A 25 . TENG 2653l 03 8 (e- O IR 5 & £ 08— R BR IK 14 1 12 9 8 )2 17
il & T & A A AR B R (BR-E I H R 1) (PEU) L I IS I 28 & ikl 4 T PEU R, P62 B Rk A A
(CLO 2454 %] PEU R W . 64 0 e B R B 0L i hi i R MM A 5. GO R E & &
f)—COOH.,—OH FMIFREILH (—CH, OCH,—) . 1] DL Ay 5 3 8 £ £ %) 67 Hl fir o 12 v S 190 535 K L 398 5
BRI AR A E . KALEEKKAL Y 15 5638 1 28 £ [ 1 14 %6 B FDORR T R Bl E 78 GO 9k A L 41
IRk E AL A B (GO TR GO 51 A 2 Rk ke B 1. GO 9 m A 1 it 3 o i 2 H i
B W6k 555 T I /N AP 3 AR A S REEAER Tt /N A e R o SR R T O B D 0 T R L Y 7 A 3 AT ] R A
IR AN 23 Bl ) A R R R R AR, H O S A i WA AR L kil I B T R (gallic acid,
GA)WRBETE PYDF IMWGENT R I B GA WEMEIR )2 IF ORI 2 8 R T RE Ak A7 A, 38 1 05 0 # ri A
HAE AW FUUR TR Ti,C, T, . B4k Ti,C, T, BB 5 I 28 10 1Y BT 0 A 7 o oo il 93 33 A i
HLA 00 B PR BE T L OF LB m A LB N FEEER

2.3 HEER

A 27 FEA R T8 2o A B ) B8 1 R AT [ A RS T o B IS 5 A 4 o T KT R TR AT [ 7Y
Ty Re B o L B A %% B R B R A I Ak 2 AR M DT B0 A R 5 YR A AR EVE A . Sl a BER E K
i P Sf 338 0L Y8R 29 L AT B L L R P B R I /N B A B BRI R A Ak R 4
REHRE . ML TYERE A= Bk T nAR e , /8 4R BB P BB AR R B ]

YAN S5 7 die 2 PSER B9 I A 2P 8 4-CEU 3E) 2K B R (CMIBA) i 4k 2 T4 35 58 38
(SHPCS) #5443 PST 218 , 1455 it Friedel-Crafts % 554k 52 i FF CMBA #: kL 3] PST B8 35 1 , 75 3 1 1
{6 4% SHPCS A% %) BAPST 6T, s PEJ5 i SHPCS-BAPSE il i 36 K PE 15 2 B 35 00 3% . B A0 1
otk . ZHENG %576 25K M 70k (L) #2808 PES I b i 4 T f 25 £ 4 i (PES-¢- 1L HFMs)
BRI LR 28 Ve PES-HFMs £L Bt 38 5 5y o 25 1 J50 98 BAF 760 10 /) A 286 R B/, 6 i Isf i) B4, SR P o
U, LT &0 (8 Bl 22 00 e 09 5 B S BE B T 2 K03 PU B | L 145t S RE AL PU/PDA-Hep 5, 2P S 00
8 A ) S K ARRE L I ELTF R R AR I 4K ORI i T PU S A 3% T AR B 6 2R IV R
AT 2 26 2 D0 R A A P20 4 0 i /N 8 B o 8 35 /b . ZHANG 2557 R AL ST GO VD) %



1 T A« LR AT I E OB AL i P TR A BT 5 35

— R RCE R B R WP BTG R (OMAAIRE T PLA BT Bl & TP RIRZ . AW pMAA |
A FEH—COOH, KL 75K W AT LU K AR 5 3 100 A7 28000 il 25 5 A 1t /s B 286 I, S T
T4 I ESF ) A LA R A A I VA A L KBRR (TAD B —Fh 5 2 DRI A MBI, i THIGHM
IR AF (A AR 25 B2 0 T AR A B 2 R 2 4505 . LTU 26570/ a3 7 TA BB 7E PVC I3 4 1 I
AT R ELDTEE 3 B XU RE R L S TR A B TA RT LS A LR TR Y Ca® S BE A ]
P A B R R R B RO A R BRI 5 BR

Protein  Erythrocyte  Platelet
T

ITtaconic acid ~——

Diethylenetriamine «——

pPVC

Diethylenetriamine Itaconic aci

_—

PVC original membrane(M0) PVC/DETA membrane(M-A) PVC/DETA-IA membrane(M-I)
B5 RARPVCEBEFhL>BRFEAT
Fig.5 Preparation process of the dual functional PVC plasma separation membrane
LR 3RV 78 KAk 2 HE R Y AT LA A8 0 10 Y 25 A TS P 0 0 ol AR e AL Ak A iR R I T
2 Ak HE BUPE o AR R A A S AN T kA b 0 R A WL )L 51 R R R AR R L sk S TS N R AR S b OS5 o A
B, TOE S AR B IR R Ze A . WFIE R IR, Co WUAHE P A iy y B2 % ok, nf ) AR A 51 R 4
R R A BN X SR W HEAT 2R AR MR BT BE ko PE . AH B AR 8 B Ak 20k S R R N T DA AN AR R R AR 4
Fay A7 0 i v L TR B 20 R L AR B 35 A A X gl R R R AR A R . WANG Y
Wty 5 ST R B R AN (SSS) NI TR (AA) FIl N- 24 BE & 1 il (NVP) B4, 76 4 40 4 2 v il
41 PES 17 4= 9 (PES-g-SSS. PES-g-NVP, PES-g-AA/SSS. PES-g-NVP/SSS #1 PES-g-AA/NVP/SSS),
T ok A AR VR R AT A W R A CE AR B . 5 PES AR L BT A Rl TR Y S K PR B L R R
FIL/NH B B R AR . PRS2 R y ST AE PES I 1 51 & 4% ST 4 B R & 0 8 SSS A 31 Il 3
TR 5 AT 2 oy B8 2 A e, 348 5 T f £7 e  SC Pk IS ) PSR RL T 6 il Pk BB AR B T W AR T . e Ah R R S
AR B4 5 X6 BB Ak 118 2 TR AT O % B ) L IR 6 5 R TR B0 5 i /0N L SR SR A PR B . DA
ST BT, 0 5 375 T SO A I VR AT B A et ) el P 45l 3 B R A 1 T T
2.4 EEHAEHEAR
22 HAHREF AR (LBL) J& 20 tit4d 90 4R AP & i ke ok 1, 3 202 ) T K 43 22 1] % 55 40 B A 1 AE #
BFIE I R AT A DI AL e . BRI 75 1 £ (8 B A5 5 (58 L 4% A UL R % 5 PG V0 A R R B 1 L A I
AT R O R A A 1Y B B T, HOSUR S A R LA R B FLARORR S 1k
PENG % 3@ i3 78 CA JER I B2 U CS MK ITF R 20 (R 1L Y Cantarellus cibarius £ 8,
SCP) . 236 T CA B I 380 A 28 Pk L D0 B AP 8 Ak 6 7k . YU 25703 o 142 )2 41 255 . FH % 12 Ak 1 285 224 (SC-
YP) I CS AR KR A2 W2 2 A PLA BRI, K ekt PLA JEREAR RS0 H 5 W B 41 1 i
JINHR B L AE K O o BT L B b M AT A R R I R . WANG ST S 1 42 O Ok R DR B T -
Ti,C, T, MXene(GA-MXene), 2, & (GA-MXene), LI T I BA 55 0% &4 2 K. LA rT i,
HLA S 0 0 v R R 40 B A 2 L HoR RN E 6 fok . HE %5 A Marangoni 1 H 16 Nb,CT,
MXene % % 1 HE S 76 R 380 £ M (PVDEF) B IR A b, 082 7 A I, 2Ok S5 0 100V 328 BT B X v /DN 5 1l i
RS NERREGEREE 72. 6% JRE 90.0%) 23 T A 5K M, BRLAT T 8 (A 50 W B B R 4r
F14) I Y R 25 A 0 200 6 R 255 o (L S o 1 P ot R 7 2% R A 7 AR ) A

[70]



36 mode B oHOoR % % iR 2025 4F

(GA-MXene) |

Repeat
n-times

GA/PE

Vacuumassisted
self-assembly

N MXene

- TR MR P A S

e 1@' s
O =S ==
. :ass@

~
~
~
~
-~

B6 EEHMEEHE(GA-MXene), B+ B

Fig. 6 Schematic diagram of the preparation of (GA-MXene), film by layer self-assembly method™™

2.5 ZSHMERBELEE

T I 375 B A4 O I B B2 T D T o 0 B A 3k 4 X T B A O o i Mt RS T B

TG A SRR AR AT LA ST EE M B A 22 B ROPERICR: . XTAO 2650 0 —Fh & 45 B 5 A 2B T R I (CDs) A
T@%%Mﬂﬂﬁéﬁﬁoﬁ%&cm%ﬂﬁ&%x@ﬁ%ﬁ&%ﬂNJ»E%%&W%M&i%@D,
T Ao A SR A B M I YR A IR R T T A 1) A A K B I X I YR A BT LA A R Y 1 R R R B e
FIHE , 28 B F AR AL B PVDF 7535 0 AA H HE3ER 3) PVDE B oK b 8% 5 A AR 5% e i &%
PVDF-g-PAA VAR, /£ EDC Ak A VEHT T R B 1 19— COOH ¥ L-A5 2R (ARG) I 3 e
fi , #1147 PVDF-ARG FHUIE, BV 5 19 PVDF BEA RAFAPsEvEaE . MEs% " @ TIPs 35§14 PMP
23 L YRS I DA AE SR S0 3 2o i F AR D SRS )2 2 A A A R 5] A PET AR 28 41 8 19 1 6 F g i M )22
R Z e KR R T PMP rhas 40 4 5 A IS A SR S v RE RN ML IAR 250 . XU 2650 R FH — B R SSBE R A
FIM 23 B M A 05 1 il 45 T B K BRI (U B 45 4 19 PES B8, 68 TA SERE I . %5 HA B4 09 I
FRZSVE AT PR AR A L X i 20 B RN RD A 2R G JLT- T A 5 L e DR 2R RIS T LA R AT R R . R TR
Ve D7 0 M GE BT R PEREXT L an 1 R .

K1 R B o ik i AT BE A8 M g ok i b AR

Tab.1 Comparison of different anticoagulant modification methods of hemodialysis membranes
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