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Tete] ALgatgit, £8sE Al E-E #240-#12009] B Ao A18d AP FEL YA FAV} 33 g
emery paper® vl ¥ RE A|HE 48% HF, AE 1059 ICRAl vk 43l 12v18] 2 ARS/dA)
62% HNOs 2 854 1: 1.5 : 6(vol%) 2.2 4 2 3ute}d ol ALgETh AdEEe HolZ2e
Table I. Various surface treatments employed in the study
Treatment Code Treatment Process

A immersion in 97% H2S04 and 30 wt% H20z2 solution at 40T for 1 h

B after A, heat treatment at 400C for 1 h

C after B, immersion in HBSS for 15 days
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Fig. 1. SEM images and EDX analysis of commercially pure titanium surface after var-
ious surface treatments. (a) After acid etching, (b) A treatment of Table II, (c) B treat-
ment of Table II, (d) C treatment of Table II, (e) EDX analysis of (d) image.
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Fig. 2. TF-XRD patterns of commercially pure
titanium surface after various surface treatments.
(a) untreatment. (b) A treatment of Table II, (c) B
treatment of Table II (d) C treatment of Table II.

< ¥4 F37F YAE HoR Kol B
dedo) A&k W xiglo] oJ&] v A titania’t B
g Aok 6% o] ¥AA $2 400
oA 1A1ZF Bt @A & o1 anatase A G2
ig. 29} (o)A T2 3}"/} Fig. 29

HaE S F

(dE 3eha ZuA)e €428 & F HBSS
154 B9k AAZ A|He X-X34d AdgA AH
FE9lo) 71291 Ti, TiO2 2 o}sele] E HA o] M &
A ¢+ 9

Fig. 3€ 97% HaS0+} 30% HeOz 1:1(vol %) &
F-gooa 40CcE 1N B oz HHEx
219} 400 CollA 1212 Bt EHEE Fed3 -
HBSSel| 15¢ &<t 223 Xpse| 224, o9t
ol ZAlel Tig} Cast P2 09 5271 FAHAH

Fig. 4= 9A1H 4 sl gHxje|s AjHe] &
HAAZIE vehd 2oz dA-, 97% H2S04%t
30% Hz029) 1:1(vol %) EFF8AellA 40T2 1
AZb 2ot sletdl o 7 geixeld Al 2 ®aAg
400 CoAA 1AIZE Bt EA g Al Ha A
A71E 242 0.189+0.02 wm, 2.251+0.21 um B

o}

.

ol)‘t

1

2.175+0.21 w2 YERET

566

o1

ars

R (

2, fi& P m[

- wi /.'

e JLW /

T T -
oo

Fig. 3. XPS spectra obtained from .the chemical
surface treated pure titanium after immersion in
the HBSS for 15 days.

o

4sﬂ w@ el %@w?w@ﬂ%WW¢VWWW*

-%QWMMWMWW

(a)

Surface roughness profile (pm)
o

T T T T
00 05 10 15 20 25
Distance (mm)

Fig. 4. Surface roughness of commercially pure
titanium surface after various surface treatments.
(a) untreatment. (b) A treatment of Table II (c)
B treatment of Table II.
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Fig. 5. Optical micrographs of cryostat sections obtained from
abdominal tissue of the mouse: (a) untreated Titanium, (b) chemi-
cal treated Titanium, (c) Aluminium, (d) stainless steel. Double arrow
Iindicates the thickness of fibrous capsule surrounding the implanted
specimen. Scale bar is 100 um. Abbreviations used: CT, connective tis-
sue: SM, site of implanted metal.

Table II. Mean thickness of fibrous capsule
surrounding the metal implants in connective

tissue of abdomen {(unit: um)
Specimens Thickness
Pure T 52.20£13.39
Chemical Treated Ti 46.98+23.73
Aluminium 168.65+45.10

Stainless Steel 100.95£30.50
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ABSTRACT

EFFECT OF CHEMICAL TREATMENT ON THE BIOACTIVITY OF TITANIUM

Kwan-Sik Min, D.D.S., M.S.D., Min-Ho Lee, Ph.D.*, Seung-Geun Ahn, D.D.S., Ph.D.,
Charn-Woon Park, D.D.S., Ph.D.

Department of Prosthodontics and * Dental Biomaterials, School of Dentistry, Chonbuk National University

Statement of problem: Titanium is widely used as an implant material for artificial
teeth. Also, studies on surface treatment to form a fine passive film on the surface of commer-
cial titanium or its alloys and improving bioactivity with bone have been carried out. However,
there is insufficient data about the biocompatibility of the implant materials in the body.

Purpose: The purpose of this study was to examine whether the precipitation of apatite on tita-
nium metal is affected by surface modification. .

Materials and methods: Specimens chemically washed for 2 minute in a 1:1:1.5 (in vol%)
mixture of 48% HF, 60% HNOs and distilled water. Specimens were then chemically treated with
a solution containing 97% H2S04 and 30% H202 at 40T for 1 hour, and subsequently heat-treat-
ed at 400°C for 1 hour. All specimens were immersed in the HBSS with pH 7.4 at 36.5T for 15
days, and the surface were examined with TF-XRD, SEM, EDX and XPS. Also, commercial puri-
ty Ti specimens with and without surface treatment were implanted in the abdominal connective
tissue of mice for 4 weeks. Conventional aluminium and stainless steel 316L were also implant-
ed for comparison.

Results and conclusions: The results obtained were summarized as follows.

1. An amorphous titania gel layer was formed on the titanium surface after the titanium spec-
imen was treated with a H2SO4 and H20z2 solution. The average roughness was 2.175 um after
chemical surface treatment.

2. The amorphous titania was subsequently transformed into anatase by heat treatment at 400
T for 1 hour. '

3. The average thickness of the fibrous capsule surrounding the specimens implanted in the con-
nective tissue was 46.98 un in chemically—treated Ti, and 52.20, 168.65 and 100.95 um, respec-
tively in commercial pure Ti, aluminum and stainless steel 316L without any treatment.

Key words : Chemical surface treatment, Bioactivity, Biocompatibility, Apatite, Fibrous capsule
thickness

972



