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ABSTRACT Diamond-like carbon (DLC) films with different thickness (11.26~230.93 nm) were pre-
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pared on polyether ether ketone (PEEK) via direct current magnetron sputtering in the time ranging from
2 to 40 min. The effect of deposition time on the structure and composition of surface and interface, as
well as the surface hydrophobic, the mechanical and optical transmittance properties of composite films
PEEK/DLC were systematically studied. Results show that with the increase of deposition time the film
thickness will be enhanced linearly with an average deposition rate of 5.71 nm/min. The density of C
atoms and the interface interlocking structure gradually increase, while the interface adhesion decreases
with time. By fitting peaks of Raman and XPS spectra, it is found that when the time <15 min, the 7,/I,
value by data fitting remains at 0.23~0.25 and the ratio of sp*/sp® is low (0.58~0.74) due to the influence
of substrate. When the time >15 min, as the substrate effect becomes weak the 1,/I; value has a great in-
crease (to 0.81), and the sp*sp® value turns to be high (0.96~1.12). Prolonging the time will lead to the
rise of substrate temperature inducing the ascending of sp*sp® ratio. While O content at the surface pres-
ents a low-flat trend and part of C=0 bonds transformed into C-O bonds. The hardness, elastic modulus,
the anti-ultraviolet and infrared barrier properties of PEEK/DLC composite films will rise over time, while
the surface roughness and hydrophobicity both have a trend from high to low, reaching a maximum sur-
face roughness and water contact angle of 495 nm and 108.29° at 32 min, respectively.

KEY WORDS surface and interface in the materials, polyether ether ketone, diamond-like carbon

films, surface modification, deposition time, interface adhesion
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Fig.1 Schematic diagram of the deposition system for DLC films

[ 2 AN [FUALI [A] PEEK/DLC 5 4 R 11 ff) SEM HE
Fig.2 Surface SEM images of PEEK/DLC composite films with different time (a, b) 2 min, (c, d) 8 min, (e, f) 15 min, (g, h)

20 min, (i, j) 32 min, (k, I) 40 min
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3 MNP (] PEEK/DLC 5 & v IR #8411 HRTEM i 7
Fig.3 Cross-section HRTEM images of PEEK/DLC composite films with different time (a) 2 min, (b) 8 min, (¢) 15 min, (d)
20 min, (e) 32 min, (f) 40 min, (g) enlarged image of DLC films, (h, i) interface structures of 32 and 40 min
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Fig.4 Curves of the thickness and the average deposi-
tion rate of DLC films on PEEK over time
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M A

2.3 DLC#FEH) Raman %

DLC # i ] Raman Y 5% 43 947 T 1580 cm™ [
G(Graphite) I F1 1360 cm™ ) D(Disorder) & , 2. #1 G
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P AE U I o o ORI T D K s A P UL 2 12 T
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PEEK J: AR K [, 5400 & H 1 G 06 i AR i K, 11
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(1) DLC ¥ 450 S, Ak s ma 5055 , W45 Bk J 1) AR AiE
Raman 1 [ , G U T FE KR IR/ , 1875 1/1 8 583
£ 0.81, 4k L2215 18 % 0.84( & 6b), spY/sp* [ FE K
RO A 7 B &
2.4 DLCERFREHNUERTS

NT AT IR T A S BOIRAS  S A R AT T
XPS RAE, 25 K& 7 o tHIE 7av] LLE 46
PEEK A [FIYTARIN A i) PEEK/DLC 5 & O 1s
W 3w LA A B I 2 531.86 eV(C=0) il
533.44 eV(C-0)™, K 7c 4 i T PEEK/DLC & &
i 2 THI ik 2B 1 HE(C/0) . C F1 O JE & 2 C-O 4 .C=0
SHAFDOT VR 5 BB N [A] AR AR . b C/O L rTd it
XPS 2 1% 7341 C A O TG 3 WA o 3R H B . AR

5 A FYURARS [ PEEK/DLC 5 & # I R 46
Fig.5 SEM images of PEEK/DLC composite films with different time (a, b) 2 min, (c, d) 8 min, (e, f) 15 min, (g, h) 20 min,
(1, j) 32 min, (k, 1) 40 min
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Fig.7 O 1s (a) and C 1s spectra (b), the content of C element, O element, C-O bond and C=O bond, and the ratio of
C/O (c), the content of sp® and sp’, the ratio of sp*/sp’ (d) for the surface of PEEK/DLC composite films with

different time analyzed
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Fig.8 Curves of the surface roughness (R,) and water
contact angles for PEEK/DLC composite films
over time
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Fig.9 Surface three dimensional height images of PEEK/DLC at different time (a) virgin PEEK, (b) 2 min, (c) 8 min, (d)
15 min, (e) 20 min, (f) 32 min, (g) 40 min
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