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Preparation and Lubricating Properties of Grafted-Free
Zwitterionic Polymer Brushes
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(1. School of Mechanical Engineering, Xiangtan University, Hunan Xiangtan 411105, China
2. Jiangsu Taizhou Med Medical Technology Co, Ltd, Jiangsu Taizhou 225300, China)
Abstract: High cross-linked polyethylene (HXLPE) acetabular cups and ceramic joint heads are commonly used in
artificial joints to form friction pairs. In order to improve the inter-surface lubrication performance, the grafted poly
(2-methacryloyloxyethylphosphorylcholine) zwitterionic polymer brush (PMPC) was prepared on HXLPE surface by
UV-induced grafting method, the PMPC solution was used as a lubricant to make the friction interface had free PMPC to
study the effect of grafted-free state PMPC synergy on the lubricating properties of friction pairs. In order to further
simulate the effect of metal ions in human tissue fluid, studied the influence of Na', Ca’ and Al on the lubrication
characteristics of PMPC between the surfaces of artificial joint friction pairs. The results showed that under the load of 3 N,
when only the grafted PMPC was used to lubricate the surfaces of the artificial joint friction pairs, the friction coefficient
was 0.158 and the fluctuation was frequent. When the grafted-free state PMPC acted synergistically on the surface of the

friction pair, the friction coefficient was reduced to 0.072 and remained stable within 120 min of the experiment. Under
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the 2 N load, the friction coefficient of the synergistic effect of grafted-free state PMPC was 0.056, when low-valent

metal ions Na" and Ca” were added to the lubricant, the friction coefficient increased slightly, however, when the high-

valent metal ion AI’" was added, the attraction between the molecules of PMPC increased, the original hydration layer

uniformity was destroyed, so that the friction coefficient increased to 0.118, which was twice that of the synergistic

effect of grafted- free state PMPC without interference of metal ions.

Key words: grafted-free state; zwitterionic polymer brushes; synergy; metal ions; lubricating properties

TE ) R R A T B RO A N TR R R
SRR A, DR AR e N T2 S i e v e w e Y, )
B VIRIRE N 2 A RS R 1) S R, e dR
AR BRI e R A T LR 1 27 A R S 7R,
Hartung " FMiiller5 ™4 5 2, — B (PEG) A 2 R #t
MR b, AR A A R 1T, PEGHE
TEAR ISR T R & PR v S R R i B SR
W) 2 I H AT 1 B i R, X R Dy s L SRS Rl
MK &G R Im TR AR D R PR
TR (BH B 1 3R & W) e i B Si/Si0, 28 4k |, (K B2k e
J1F B BE#E ZHUK T0.0051. B T FHES TR A WAk,
RR2-(CHEAE) B NG CBRE RN UVMH S TR &
Y, BT TERR M 25 R g5 1F F far i 14K, AT SEE
R Y EARA B R A R B A R e
e, (HAYS IR S B AR R ZE, iR
T R, BR ) FL 78 N T3 BRI, W B 1 2R
AR T F I B TE S e A TR R A
5 R TR RE, S T RE T 0w ey U, Hod
SR (2- FF B TR 07 I A0 < EE T 1t L) (PMIPC) 45 44 Hl T
5 S RV v A i 65 R AR AL T i
Nakano5 /75 5 Wik ik i % [f Y6 2 K PMPC, 2L T
FE AP, Yang e R 2.0% _E 6 PMPC, 5L
A, T R 57 AR L H A SE PMPC RS M 2 THT M LA S B
R AF i YERE, BT LURLFE SR A 40 T ¢4 ) o
AR S B S TR ER GG R TR R
iz R, YueZ5 R H 52 R BE 5 PMPCH I B 7 3t
BV T R R] v S AR P N AR T O &
R N AR ER I i 2 A7 72 O 1) 4 J 5 1 R AT AH B2 1Y
A HRAE BT DL 4 B T RN PMPCIlE T 1 B 1) 5%
N 5 3 — 2 B g,

T AER UL ), AT R R A = A
I 3R 20 35 T ) 4% B2 A &S PMPC, I 76 PMPCIA LI
T A R AT BE ARG, IR o B R ) 2 T B A -9
A PMPCH [F] 15 F 6T i 18 4 M A 82 A, I FF 98 Na'
Ca” AL X325 - B A5 PMPC D5 A s 1) S

1 REHREGE

gy p S YN &R
T 1 BE R AR A R 8 2 B SR 07 (HXLPE)
SRS (Zr0,) & ER, HXLPERHFAEERa<<0.5 pm;
PR T B DAy 2 S TR Tk A £ R B I HELB(MIPC),
Ji B 53 B 9T Y% — 2K FEH (BP) AR L 51 R 7 s AR AR
43 H0°M99.99% 1) CaClys NaClK AICL A H L i Fi
P T AR A IR AR, LB 17K CaCly NaCl
Je AICT 8 W R FR 23 BOW B 0.9%, 1F 4 (it 42 )8
B B B e i DAEAT VA L 2R K, e iE
AN, PP RR B E AT [FRE R E R4 T
AR A A R A F.

PR ASPMPCHI 4% - B HXLPEH T /K 1 LA Je 25
BT K4y B A T VE30 mindF AT TR L R R R
HXLPEFEIR AN &7 15 mg/mL BPHIPEHAER 30 min,
W HH IR AE I 2 vh SR SR 1 T TR BR 22 O R, 43 33K 1
P& BPRJHXLPE; 7§43 AL 0.2 0.3+ 0.4 520.5 mol/L
(1Y MPCK ¥ 1 (15 FH AT I8N G BR 25 1 RS,
B J& s 22 11 B 26 BPITHXLPERF: i 23 535 NS [ 9
FIMPCIEW Y, FETE400 W IR R AT T X B 5 BP Y
HXLPEZ [ 2E 1T 120 minff) 482 57 0tk 287 oot 58 ik
J&» FKHXLPEAE i IR I, - FHTE/K SREE60 °C
NHATE AR, IR EEE A TR, 8RR R
PMPCH] HXLPE, #7 it A HXLPE-PMPC, (x=0.2, 0.3,
0.4, 0.5), W1 ().

T TR+ K — 58 W BEIRIMPCYA M TE 400 WEE
ANT AT R A N, 90 min 5 HUHAHI, £52PMPCIA
s BEJE 17130 mLIF 255 17K. CaCl, (0.9%) NaCl (0.9%)
JAICI; (0.9%) ¥4 AN 0 mLIPMPCIER, F45
FE55T, 0 B NPMPC (H,0), PMPC (CaCl,), PMPC
(NaC)HIPMPC (AICly), 1EAETE ], W 1(b) AR,
1.2 ZEHaFnERERAE

FAM AL 5 55 B XU 26 % L fig 3 (XPS, K-Al
pha+, Thermo, USA)lIiE ; f# FH 29 4= S BT (ATR) 13 7%
(NICOLET5700, USA )i it i B AR e 217 4R 3 (FTIR)
) 2% T B i A, 6 R 4 T LA 500~4.000 em s B

1.1



7 W

ARG, A R-U B AS PR B 1 RS MR 1) 4 ST R PE R 7T 719

uv -
(@) e
— e — N -
0.2 mol/L, MPC HXLPE-PMPC,, !
— - > : Cation
S$_> 0.3 mol/L MPC HXLPE-PMPC,; : -N*(CH,),
-— :
HXLPE Acetone solution of BP L,
-_— —
0.4 mol/L MPC HXLPE-PMPC,,
> - —_—
(b) 0.5 mol/L MPC HXLPE-PMPC,s  zyitterionic polymer

uv
« -~
m Polymerizati
grey)

on

> » )
30 mL E
H,0 9% Na % CaCl,

brush (PMPC)

¢ -~
30 mLJ
9% AICI,

Mix well

«

PC (H,0 PC (Na

PC (CaCl, PC (AICI,

Fig. 1 (a) The flow chart of the preparation of grafted PMPC on HXLPE surface; (b) lubricant preparation flow chart
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Fig. 2 FTIR spectra of PMPC brush layers prepared at
different MPC concentrations
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Fig. 4 XPS fine spectra of PMPC brush layers prepared with different MPC concentrations: (a) C 1s; (b) O 1s; (c) N 1s; (d) P 2p
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Fig. 6 Wetting properties of PMPC brush layers prepared with different MPC concentrations: (a) contact angle meter; (b) static
water contact angle at different concentrations
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Fig. 7 Hemolysis rate of PMPC brush layers prepared with
different MPC concentrations
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