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Effects of acid—treatment conditions on the surface properties of the RBM treated
titanium implants

Han-Ah Lee, Soohwang Seok, Sang-Hyeok Lee, Bum-Soon Lim*

Department of Dental Biomaterials Science, School of Dentistry,
Seoul National University, Seoul, Korea

The purpose of this study was to evaluate the effect of acid-treatment conditions on the surface properties of the RBM
(Resorbable Blast Media) treated titanium, Disk typed cp-titanium specimens were prepared and RBM treatments was performed
with calcium phosphate ceramic powder, Acid solution was mixed using HCl, H,SO4 and deionized water with 4 different volume
fraction. The RBM treated titanium was acid treated with different acid solutions at 3 different temperatures and for 3 different
periods, After acid-treatments, samples were cleaned with 1 % Solujet solution for 30 min and deionized water for 30 min using
ultrasonic cleanser, then dried in the electrical oven (37C). Weight of samples before and after acid-treatment were measured
using electric balance, Surface roughness was estimated using a confocal laser scanning microscopy, crystal phase in the surface
of sample was analyzed using X-ray diffractometer. Surface morphology and components were evaluated using Scanning Electron
Microscope (SEM) with Energy Dispersive X-ray spectroscopy (EDX) and X-ray Photoemission Spectroscopy (XPS). Values of
the weight changes and surface roughness were statistically analyzed using Tukey-multiple comparison test (p=0.05). Weight
change after acid treatments were significantly increased with increasing the concentration of H,SO4 and temperature of acid-solution,
Acid-treatment conditions (concentration of H,SOj, temperature and time) did not produce consistent effects on the surface roughness,
it showed the scattered results. From XRD analysis, formation of titanium hydrides in the titanium surface were observed in
all specimens treated with acid-solutions, From XPS analysis, thin titanium oxide layer in the acid-treated specimens could be
evaluated. Acid solution with 90C showed the strong effect on the titanium surface, it should be treated with caution to avoid
the over-etching process.
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Figure 1, Schematic diagram of acid-treatment process: @ thermocouple for temperature controller, @ sample, @ magnetic stirring

bar, @ hot plate with mag- netic stirrer.

Table 1. Experimental groups used in this study

Acid-treatment solution (HCI-H2S04, vol%)

Temp Time
() (min) 30-10 30-20 30-30 30-35
05 30-10 / 60-05 30-20 / 60-05 30-30 / 60-05 30-35 / 60-05
60 08 30-10 / 60-08 30-20 / 60-08 30-30 / 60-08 30-35 / 60-08
11 30-10 / 60-11 30-20 / 60-11 30-30 / 60-11 30-35 / 60-11
05 30-10 / 75-05 30-20 / 75-05 30-30 / 75-05 30-35 / 75-05
75 08 30-10 / 75-08 30-20 / 75-08 30-30 / 75-08 30-35 / 75-08
11 30-10 / 75-11 30-20 / 75-11 30-30 / 75-11 30-35 / 75-11
05 30-10 / 90-05 30-20 / 90-05 30-30 / 90-05 30-35 / 90-05
% 08 30-10 / 90-08 30-20 / 90-08 30-30 / 90-08 30-35 / 90-08
11 30-10 / 90-11 30-20 / 90-11 30-30 / 90-11 30-35 / 90-11

A2 RBMAZ AT PAE AAALEAL, A 2R AT Fo PAm)R o] Azl
Sartorius, Germany) 2 0.1 mgZ7}A] &43}o] 27 Aol w2 FA W3 ¥)E [(my-my) X 100/my, %k AlXFskA
FAm)E 3L, A-A )& gmdte] H2AI7] AlEe] 7t A8
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Figure 2, Weight change (%) of experimental groups after acid- treatment with various conditions: (a) - (d) = different acid concentration,

(e) - (f) = different temperature,
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Figure 3, Surface roughness (Ra, #m) of experimental groups after acid- etching treatment with various conditions: (a) - (d) = different

acid concentration, (e) - (f) = different temperature,
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Figure 4, SEM image of 30-10 (left) and 30-20 (right) experimental groups: (a), (d) = 60C / 5 min treated sample; (b), (e) = 75C

/ 5 min treated sample; (c), (f) =

SHA %L 100% HERT HEEH AT
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Figure 5, SEM image of 30-30 (left) and 30-35 (right) experimental groups: (a), (d) = 60C / 5 min treated sample; (b), (e) = 75C
/5 min treated sample; (), () = 90T / 5 min treated sample.
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Figure 6, X-ray diffraction patterns of 30-10 experimental groups: (a) = 5 minute treated group, (b) = 11 minute treated group,
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Table 2, Chemical composition of sample groups calculated from XPS survey spectra,

(unit: atomic %)

Elements Ti 0 c Ca P s
Sample
Machined cp-Ti 724 33.11 59.20 0.45 - -
RBM treated 1.06 37.16 36.84 1437 1057 -
RBM + acid-treated
6.20 35.79 53.96 3.79 - 025
(30-10 / 60c- 5 min) ) : : : :
RBM + acid-treated
6.75 31.70 56.55 427 - 073
(30-10 / 60c- 11 min) ’ : ’ ’ ’
RBM + acid-treated
465 2776 6412 3.09 - 0.39
(30-10 / 90c- 5 min) ’ ' ' ' '
RBM + acid-treated
9.70 37 .51 49,05 254 - 1.21
(30-10 / 90c- 11 min) ) : ’ ) '
RBM + acid-treated
12.80 4128 4376 204 - 012
(30-35 / 60c- 5 min) ' ' ' ‘ '
RBM + acid-treated
1121 36.93 49 57 229 - -
( 30-35 / 60Cc- 11 min) ’ : : ’
RBM + acid-treated
9.40 33.30 5567 163 - -
(30-35 / 90c- 5 min) ' : . .
RBM + acid-treated
11.35 4042 45 82 2.08 - 032
(30-35 / 90¢- 11 min) ) : : : :
=o] Eelr 39 v gk Akt EJERR(TION o] EA) T7HA 4g & e EARE 23 AFI dEHES
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JE21 3HS)0] ElERT B U AFso] AEd < 7 Ao 2 sl Hel 9ETUE 14
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Behealyat s15H49) AkAjeio) iy, Ry R
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