
CHAPTER 5 RESULTS 

5.1 Surface Characterization 

5.1.1 Chemical Composition 

The chemical composition of the surfaces of samples was 

determined using XPS. The quantitative measurements of 

detected elements were presented as Atomic Percent 

Concentration while the qualitative measurements were 

determined by high-resolution scans in terms of peak fittings 

of detected elements. 

5.1.1.1 Atomic Percent Concentration 

Table 5-1 (see, p75) shows the di fferent samples wi th their 

atomic percent composi tion. The dominant signals are Carbon, 

Oxygen and Titanium with weaker contributions from Aluminium 

and Sodium. Other occasional smaller signals from Calcium, 

Zinc, Lead, Nitrogen, Zirconium and Vanadium were observed. 

Carbon, Oxygen and Ti tanium were found in varying amounts on 

samples. Oxygen was observed to have the highest atomic 

percent concentration for most samples. Aluminium was found on 

all except the cpTi machined control samples. Sodium was 

detected on all cas t , but only T i 6A14 V machined (S I) samples. 

Though in small amounts, Calcium was detected on all samples, 

with the exception of RFGDT machined cpTi and Ti6A14V control 

samples. Lead was present only on machined cpTi and Ti6A14V 

control surfaces and disappeared with RFGDT. Zinc and Nitrogen 

were present mostly on untreated samples and disappeared with 

RFGDT. Vanadium was detec ted on Ti6A14V (machined and cast) 

control samples before RFGDT. Enhanced samples had no Vanadium 

detected. Zirconium showed up after the RFGDT of all cast 

samples and some machined samples. 
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Table 5-1: A summary of the elemental composition of sample surfaces (At %) 

-...J 
Vo 

Element C 0 Ti AI 
cpTi machined control surface 37.7 45.8 11 .2 0.0 
cpTi machined control surface RFGDT 20.8 56.4 21.6 0.0 
cpTi machined SI Enhanced 41.5 43.6 7.2 5.2 
cpTi machined SI Enhanced RFGDT 19.9 52.7 12.9 9.7 
cpTi machined ES Enhanced 29.5 51.4 8.8 5.8 
cpTi machined ES Enhanced RFGDT 15.1 55.9 14.7 7.5 
Ti6AI4V machined control surface 36.8 48.7 10.3 1.1 
Ti6AI4V machined control surface RFGDT 21 .8 56.7 18.8 1.1 
Ti6AI4V machined SI Enhanced 36.7 43.8 4.2 8.7 
Ti6AI4V machined SI Enhanced RFGDT 14.9 55.3 12.9 9.8 
Ti6AI4V machined ES Enhanced 29.2 52.2 5.5 9.5 
Ti6AI4V machined ES Enhanced RFGDT 16.1 55.5 13.7 9.2 
cpTi cast control surface 23.6 53.6 5.3 12.7 
cpTi cast control su rface RFGDT 15.1 57.9 9.2 12.9 
cpTicastSI Enhanced 37.3 43.9 4.3 10.5 
cpTi cast SI Enhanced RFGDT 15.5 56.3 14.6 8.2 
cpTi cast ES Enhanced 25.6 52.9 7.1 9.8 
cpTi cast ES Enhanced RFGDT 23.1 51 .3 12.9 7.9 
Ti6AI4V cast control surface 28.7 51.4 5.6 9.6 
Ti6AI4V cast control surface RFGDT 25.3 55.4 6.2 10.5 
Ti6AI4V cast SI Enhanced 32.7 47.7 8.4 8.0 
Ti6AI4V cast SI Enhanced RFGDT 14.9 55.5 9.9 15.1 
Ti6AI4V cast ES Enhanced 28.9 52.3 4.8 10.1 
Ti6AI4V cast ES Enhanced RFGDT 15.9 56.6 12.6 10.9 

Na Zn 

0.0 2.7 

0.0 0.0 

0.0 0.5 

0.0 0.0 

0.0 1.4 

0.0 0.0 

0.0 2.1 

0.0 0.0 

5.9 0.0 

6.2 0.2 

0.0 0.7 

0.0 0.0 

4.6 0.0 

4.7 0.0 

2.2 0.2 

4.5 0.0 

3.3 0.7 

3.0 0.0 

3.3 0.0 

1.5 0.0 
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2.4 0.5 

3.2 0.0 

Pb Ca N V Zr 
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0.0 0.3 00 0.0 0.0 
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0.3 0.3 0.5 0.9 0.0 

0.0 0.0 0.0 0.0 0.7 

0.0 0.2 0.5 0.0 0.0 

0.0 0.3 0.0 0.0 0.4 

0.0 0.8 0.0 0.0 0.0 

0.0 0.3 0.0 0.0 0.0 

0.0 0.2 0.0 0.0 0.0 

0.0 0.4 0.0 0.0 0.2 

0.0 0.5 1.1 0.0 0.0 

0.0 0.4 0.0 0.0 0.5 

0.0 0.5 0.0 0.0 0.0 

0.0 0.5 0.9 0.0 0.3 

0.0 0.4 0.8 0.2 0.0 

0.0 1.0 0.0 0.0 0.1 

0.0 0.2 0.7 0.0 0.0 

0.0 0.1 0.0 0.0 0.4 

0.0 0.6 0.4 0.0 0.0 

0.0 0.4 0.0 0.0 0.4 
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XPS survey spectra 

A typical XPS survey spectrum of a cpTi cast sample before 

RFGDT is shown In Fig 5-1 and after RFGDT in Fig 5-2 (see 

p77). XPS spectra for all other samples are given in Addendum 

H (see p200-209). The spectrum depicts elements with binding 

energies from 0 to 1100eV that are detected from the surface 

layer of samples. Every element has its own binding energy 

v alue and detected peaks were ifentified by the computer 

database in most instances and cou d[ terchecked (Moulder et al, 

1992). Maj or lines identified were Carbon (Is) , Titanium (2p) 

and Oxygen (1 s) Associated weaker line s wer e also identified 

but not further monitored. 

EseA SURVEY ~/IO/91 ANCl[= 65 deg ACQ TIME=9.17 ~in 
FILE: f27Il Carneiro - TI F 
SCALE FACTOR= 0.759 k cis. OFFSET= O.OO~ k cis PASS ENERGY= ~~. 750 eV Al 300 N 

10 

IIINDING ENERGY. eV 

Fig 5-1 : XPS survey spectra for cpTi cast control sample surface before RFGDT 
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On average RFGDT significantly reduced the surface Carbon 

atomic percent concentration from 32.4% to 18.2% (p<O.OS) An 

interaction between RFGDT and surface enhancement showed that 

the untreated control and S1 enhanced samples had 

significantly higher surface Carbon content than treated 

samples (p=0.02) 

No significant differences were observed in Carbon atomic 

percent concentration between the different materials used, 

method of fabrication employed or surface enhancement 

procedures other than RFGDT. 

Oxygen 

The surface Oxygen atomic concentration percent of samples 

before and after RFGDT is shown in Fig 5-6 (see p80) 

A significant difference i n surface Oxygen atomic percent 

concentration was observed between samples that were 

differently enhanced (p=O. 00 25) On average the S1 enhanced 

samples had significantly lower surface Oxygen atomic percent 

(49.9%) compared to ES enhanced and control samples (53.5% and 

53.2% respectively). 

RFGDT significantly enhanced the average surface Oxygen leve l 

from 49.0% to 55.4 % (p<0.05). A significant interaction was 

observed between surface enhancement and RFGDT (p=0.0045) 

depicting that enhanced surfaces that were treated had 

significantly higher surface Oxygen content than untreated 

enhanced samples. 

No significant difference in the Oxygen content was observed 

between materials used or fabrication procedures adopted. 
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Table 5-2: Deconvoluted Carbon 1 s envelope with respective sub peak positions (Bold figures indicate 
highest peak). 

Element Peak I Peak II Peak III Peak IV 
cpTi machined control surface 286.0 287.3 289.8 
cpTi machined control surface RFGDT 285.8 287 .2 289.6 
cpTi machined 81 Enhanced 285.7 286.7 288.1 289.6 
cpTi machined 81 Enhanced RFGDT 285.7 286.9 288 .6 289.8 
cpTi machined E8 Enhanced 285.9 287.4 289.7 
cpTi machined E8 Enhanced RFGDT 285.9 287.5 289.8 
Ti6AI4V machined control surface 285.8 287.3 289.7 
Ti6AI4V machined controi surface RFGDT 285.8 287.4 289.7 
Ti6AI4V machined 81 Enhanced 285.9 286.9 288.3 290.2 
Ti6AI4V machined 81 Enhanced RFGDT 285.5 286.6 288.6 289.9 
Ti6AI4V machined E8 Enhanced 285.9 287.4 288.6 289.8 
Ti6AI4V machined E8 Enhanced RFGDT 285.6 286.6 288.4 289.9 
cpTi cast control surface 286.4 287.8 290 .3 
cpTi cast control surface RFGDT 286.4 287 .8 290.4 
cpTi cast81 Enhanced 286.0 287.0 288.3 289.9 
cpTi cast 81 Enhanced RFGDT 285.7 286.7 I 288.3 289.8 
cpTi cast E8 Enhanced 285.7 286.9 287.9 289.6 
cpTi cast E8 Enhanced RFGDT 285.7 286.8 288.4 289.7 
Ti6AI4V cast control surface 286.1 287.4 288.8 289.9 
Ti6AI4V cast control surface RFGDT 286.2 287.3 288.4 289.6 
Ti6AI4V cast 81 Enhanced 285.8 286.4 287.4 289.3 
Ti6AI4V cast 81 Enhanced RFGDT 285.5 286.7 288.1 289.7 
Ti6AI4V cast E8 Enhanced 285.7 287 .0 288.2 289.5 
Ti6AI4V cast E8 Enhanced RFGD T 285.5 286.7 288.5 290.0 

Fi g 5-1 0 show s a representat i ve plo t of the Carbon 1s envelope 

wi t h i t s curve f it. 
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Fig 5-10: Deconvolution of XP8 Carbon envelope of Ti6AI4V cast control RFGDT sample surface 
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Oxygen sub peaks 

The r espective Oxygen I s sub p eak s wi th in i ts r es pe ct i ve 

enve l o p e a re s h own I n Ta bl e 5 - 3 . Mo s t s a mp les had f o ur 

compon en t s with t he excepti o n o f Ti6A1 4V cas t contr o l RFGDT 

samp l e t hat had fi v e compo nen t p eaks. RFGDT r ed u ced th e numbe r 

o f pea ks o f cpTi a n d Ti 6A1 4V mac hi ne d con trol s amp l e s fr om 

three t o two. 

Table 5-3: Deconvoluted Oxygen 1 s envelope with respective sub peak positions (Bold figures indicate 
highest peak) . 

Element Peak I Peak II Peak III Peak IV Peak V 
cpTi machined control surface 529.8 531 .2 532 .1 533.5 
cpTi machined control surface RFGDT 530.0 531.4 
cpTi machined 81 Enhanced 529.7 530.7 531 .7 532.9 
cpTi machined 81 Enhanced RFGDT 529.4 530.3 531.3 532.5 
cpTi machined E8 Enhanced 529.6 530.6 531.6 532.6 
cpTi machined E8 Enhanced RFGDT 529.3 530.0 531 .0 532 .6 
Ti6AI4V machined control surface 530.0 531 .8 533.2 
Ti6AI4V machined control surface RFGDT 530.0 531 .3 
Ti6AI4V machined 81 Enhanced 529.5 530.9 531.8 533.2 
Ti6AI4V machined 81 Enhanced RFGDT 529.4 530.4 531.4 533.1 
Ti6AI4V machined E8 Enhanced 529.5 530.9 531.9 533.0 
Ti6AI4V machined E8 Enhanced RFGDT 529.5 530.4 531.2 532.3 
cpTi cast controi surface 529.6 530.9 531.9 533 .1 
cpTi cast control surface RFGDT 529.5 530.5 531 .8 533.2 
cpTi cast 81 Enhanced 529.4 530 .5 531.7 532.9 
cpTi cast 81 Enhanced RFGDT 529.3 I 530 .0 531.2 532 .6 
cpTi cast E8 Enhanced 529 .6 530.7 531.7 532 .9 
cpTi cast E8 Enhanced RFGDT 529.4 530.5 531.4 532.9 
Ti6AI4V cast control surface 529 .3 530.7 532.2 533 .8 
Ti6AI4V cast control surface RFGDT 529 .7 530.6 531 .5 532.9 534.6 
Ti6AI4V cast 81 Enhanced 529.6 530.8 531.8 533.2 
Ti6AI4V cast 81 Enhanced RFGDT 529.4 530.8 531.9 533.6 
Ti6AI4V cast E8 Enhanced 529.6 530.8 531.9 533.0 
Ti6AI4V cast E8 Enhanced RFGDT 529.4 530.2 531.4 533.0 

The ma j o r sub p eak o f th e d iff e rent samples va r ied 

cons ide rab l y . Fo r mos t sample s i t was a t ~52 g eV , occas ionall y 

~53 l eV an d sometimes ~ 532eV. Some s u b pea ks ha d mo r e or l e ss 

the same peak h e i gh t as wa s observed i n Ti 6A14V cas t contro l 

RFG DT sample. Me tal ox i des (5 29-53 1 eV) an d h ydroxides (531 -

532eV ) ma i n l y c ont r i b ut ed to t he Oxyge n s u b p eaks . Carbon a t es 

could a l s o b e presen t at ~53 l e V. Bes i des the d if fere n t me t a l 

ox i des o f Tit an ium (TiOr 529 . 7 - 530 . 2eV ; Ti O-53 0 . 6eV ; Ti 20 r 
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529. 6eV) , Aluminium oxide coul d also ha ve been contr ibutory 

(A120r528-532eV) to t he meta l oxide peak detec te d (Lausmaa et 

aI , 19 90). 

Deconvoluted hi gh -re soluti on spectra sub peaks within it s 

respective Oxygen envelope is shown in Fi g 5 -11. 
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I 
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BINDING ENERCY. eV 

Fig 5-11 : Deconvolution of XPS Oxygen envelope of Ti6AI4V cast control RFGDT sample surface 

Titanium sub peaks 

On most samp le surfaces , onl y one major peak was detected, but 

deconvolution of th e Ti 2p peak on cpTi and Ti6A14V machined 

control samples revea led two sub peaks, at 45 8e V and 45 7e V 

(see Tab l e 5-4, p87) . The major peak detected at 45 8eV 

ind i cates that the samp le surfaces const ituted most ly of Ti0 2 • 

The oxide layer on some samples though, ma y rather cons ist of 

Ti 20 3 a s indicated by the 457eV peak. 

A high-resolution spectrum for Titanium i s shown in Fig 5 -1 2 

(see p87) wit h th e peak centre at 458eV . 
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Table 5-4: Deconvoluted Titanium 2p envelope with respective sub peak positions (Bold figures 
indicate highest peak). 

Element Peak I Peak II 
cpTi machined control surface 458.3 
cpTi machined control surface RFGDT 458.6 457.9 
cpTi machined SI Enhanced 458.2 
cpTi machined SI Enhanced RFGDT 458.0 

cpTi machined ES Enhanced 458.1 
cpTi machined ES Enhanced RFGDT 457.8 
Ti6AI4V machined control surface 458.4 
Ti6AI4V machined control surface RFGDT 458.5 457.7 
Ti6AI4V machined SI Enhanced 457.9 
Ti6AI4V machined SI Enhanced RFGDT 457.9 
Ti6AI4V machined ES Enhanced 458.0 
Ti6AI4V machined ES Enhanced RFGDT 458.0 
cpTi cast control surface 458.1 
cpTi cast control surface RFGDT 458.1 
cpTi cast SI Enhanced 457.9 
cpTi cast SI Enhanced RFGDT 457.9 
cpTi cast ES Enhanced 458.1 I 

cpTi cast ES Enhanced RFGDT 458.0 
Ti6AI4V cast control surface 458.1 
Ti6AI4V cast control surface RFGDT 458.2 
Ti6AI4V cast SI Enhanced 458.1 
Ti6AI4V cast SI Enhanced RFGDT 457.9 
Ti6AI4V cast ES Enhanced 458.1 
Ti6AI4V cast ES Enhanced RFGDT 458.0 
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Fig 5-12: Deconvolution of XPS Titan ium envelope of Ti6AI4V cast control RFGDT sample surface 
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Aluminium sub peaks 

Fig 5-13 shows the deconvo lutio n of XPS Aluminium envelope f or 

the Ti 6A14V cast contro l surface. 
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Fig 5-13: Deconvolution of Aluminium envelope for Ti6AI4V cast control surface 

A deconvoluted high- resolution spectrum within th e Aluminium 

envelope s h ows th ree ma in sub peaks. The sub peak at 73.03eV 

was attributed to Aluminium metal while the 74. 51eV sub peak 

was at tributed to Aluminium ox i d es. The 76.07 eV peak was 

probably a Halide f orm of Aluminium (Mou l de r et at, 1992). 

Sodium sub peaks 

The presence of Sodium was detected together with Titanium at 

1072eV using the Na ( Is) peak an d no attempts were made t o 

furth e r deconvolute the Sodium an d Tit an ium peak. 
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Table 5-5 Average tabulated values of the surface topography of samples for 20llm scans (N=5). 

I 

I 

The mean of the different analyses o f surface roughness for 

both the 20~m and 5~m scans are observed to be higher f o r the 

surfaces of cast samples than fo r the machined samples. 

Material Ra ± SO RMS ± SO Maximum 
Height ± SO 

Average 
Range ± SO 

Surface Area 
±SO 

CpTi 
machined 

I 0.14control ± 0.04 
surface 

017 ± 0.05 0.58 ± 0.15 1.04 ± 0.16 416.18 ± 4.091 

CpTi 
machined 
control 0.09 ± 0.02 0.12 ± 0.04 0.43 ± 0.22 0.95 ± 0.29 416.34 ± 5.77 
surface & 
RFGOT I 

Ti6AI4V 
machined 
control 0.08 ± 0.03 0.11 ± 0.04 0.63 ± 0.29 0.92 ± 0.35 415.00 ± 3.18 
surface 

Ti6AI4V 
machined 
controi 0.14 ± 0.02 0.18 ± 0.03 0.53 ± 0.07 1.20 ± 0.14 425.02 ± 6.49 
surface & ! 
RFGOT 
cpTi cast 
control 
surface 0.51 ± 0.1 0.65 ± 0.12 1.88 ± 0.52 3.94 ± 0.62 531.92 ± 24.25 

cpTi cast 
control 
surface & 0.64 ± 0.19 0.79 ± 0.22 2.20 ± 1.03 I 4.55 ± 1.21 559.14 ± 60.88 
RFGOT 

i 

Ti6AI4V 
cast controi 
surface 0.44 ± 0.19 0.55 ± 0.24 1.74 ± 0.84 I3.30 ± 1.38 

I 
508.26 ± 55.34 

Ti6AI4V 
cast control I 
surface & I 0.41 

± 0.10 
RFGOT 

0.52 ± 0.14 1.92 ± 0.81 3.67 ± 0.99 535.26 ± 65.83 
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Table 5-6: Average tabulated values of the surface topography of samples for 5)lrn scans (N=5). 

Material Ra± SO RMS ± SO Maximum Average Surface Area 
Height ± SO Range ± SO ±SD 

CpTi 
machined 
control 0.05 ± 0.02 0.07 ± 0.02 0.26 ± 0.13 0.51 ± 0.16 27.1 ± 0.75 
surface 

I 
CpTi 
machined 
control 
surface & 

I 006 ± 0.05 0.08 ± 006 0.21 ± 0.12 0.42 ± 0.28 
I 

26.56 ± 1.0 

RFGDT 
Ti6AI4V 
machined 
control 008 ± 0.02 0.10 ± 0.03 0.34 ± 0.24 0.52 ± 0.25 27.31 ± 1.17 
surface 

Ti6AI4V 
machined 

I 

control 0.10 ± 0.03 0.12 ± 0.03 0.31 ± 0.06 0.67 ± 0.16 28.04 ± 0.96 
surface & 
RFGDT 
cpTi cast 
control 
surface 0.26 ± 0.15 0.32 ± 0.17 0.68 ± 0.33 1.61 ± 0.55 32.85 ± 3.32 

J 
cpTi cast 
control 
surface & 0.27 ± 0.1 4 0.33 ± 0.15 0.80 ± 0.45 1.78 ± 0.53 34.26 ± 4.46 

I 
RFGDT 

Ti6AI4V cast 
control I ! 

surface 0.25 ± 0.11 0.3 1 ± 0.14 0.3811 .63 075 ± ± 0.73 34.94 ± 5.01 

Ti6AI4V cast 
controi 
surface & 
RFGDT 

0.2 ± 0.13 I 0.24 ± 0.16 0.58 ± 0.29 1.31 ± 0.79 I 32.39 ± 5.82 

! I 

Area Ra and RMS 

Surface r oughn es s i s r e pre s en ta t i v e o f both Ra an d RMS va l ue s 

an d r e sul ts a r e repo r t ed t o ge the r . RMS i s the r o ot mea n s quar e 

o f Ra a n d th e r e f o r e p r ed i cted t o be a mo r e r e liab l e mea su r e o f 

a ssessment (see 2 .6. 2 .1, p33) Ra an d RMS v a lu e s o f samp l es 

fo r the 2 0~m s can ar e s ho wn in Fi g 5-1 8 (s e e p 93) . 
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The means o f the different Line anal yses values f or the 5)lm 

scans are shown in Table 5-9 (see Addendum E, p188 -1 92 ). Even 

at a smaller scan the surfaces of cas t samples had higher 

va lues compared to machined samples. 

Table 5-9: Averages of the line analysis done for the different sample surfaces for the 5/lm scan. 

Material Ra Rtm Rt Rpm Rp 

cpTi machined 
control surface I0.05 0.10 0.24 0.04 0.12 

cpTi machined 
control surface & 
RFGDT 

0.05 0.10 I 0.24 0.04 0.13 

Ti6AI4V machined 
control surface 0.07 0.13 0.29 0.06 0.11 

Ti6AI4V machined 
control surface & 
RFGDT 

0.07 0.1 5 0.33 0.07 0.18 

cpTi cast control 
surface 0.26 0.37 1.06 0.19 0.58 

cpTi cast control 
surface & RFGDT 0.22 0.35 0.98 0.17 

, 
0.48 

Ti6AI4V cast 
control surface 0.24 0.37 1.05 0.18 0.52 

Ti6AI4V cast 
control surface 
& RFGDT 

0.15 
, 

0.26 0.66 0.13 0.32 

I 

t 

I 


Ra 

Ra is the average distance of t he profile from the mean line 

(see 2.6.2.1, p33) Generally a smooth surface will have a ver y 

small va lue, as the distance from the mean is nearly absent. 

Fo r both scans the Ra value wa s determined by the fabrication 

procedure and not by the material employed or treatment 

rendered. The mean Ra for th e 20)lm and 5)lm scans of surfaces 

of cast samples was O.31)lm and O.1 8)lm and this value was 

significantly higher than that f or surfaces o f machined 

samples (0 . 10)lm and O. 06)lm) . 
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Rt 

The Rt value shows us the distance between the highest peak 

and l owes t va lley recorded (see 2 . 6.2 .1, p33). For both the 

20~m and S~m scans there was a signifi cantly higher peak for 

the s urface s of cast samples ( 1.66~m and O.7 7~m) when compared 

wi th machined samples (0. S2~m and O. 28~m) . No significant 

differences were observed between the different materials used 

or the type of treatment rendered. 

Rtm 

Rtm is a measure of the peak t o valle y height (see 2 . 6 . 2 .1, 

p34). The Rtm value of O. 7 6~m for the surfaces of cast samples 

was significantly higher than machined samples (0. 24~m) for 

2O~m scans (p=O . 0042 ) . The S~m scan had a similar 

significantly higher measure f or the surfaces of cast samples 

(O.29~m) compared to machined surfaces (O.12~m) Rtm was 

determined solely by the fabrication process. 

Rp 

Rp is the measure o f the single highest peak recorded on the 

image scan (se e 2 .6.2.1, p34) and for the 2O~m scan it was 

s ignifi cantl y higher f o r the surfaces of cast samples (O.77~m) 

than the machined samples (O .24~m). Interestingly for the 20~m 

scans RFGDT significantly (p=O.04) i ncreased the Rp value of 

the surfaces of cast sample s to O.62~m and mac hined samples to 

O. 39 ~m. For the S~m scan fabrication determined the Rp value 

which was significantly higher f or the surfaces of cast 

samples (O.40~m) compared t o machined samples (O.13~m) 

Rpm 

Rpm is the measure o f the mean peak heights on an image scan 

(see 2.6.2.1, p34). The Rpm for the surfaces o f cast samples 

was O.37}Jm (2 0~m scan) and O.14~m (S~m scans) and was 
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Table 5-10: Sputter time and Oxide thickness of samples. 

Sample putter time (min) Oxide thickness (nm) 
cpTi machined control surface 0.8 2.8 
cpTi machined control surface RFGDT 1.2 4.2 
cpTi machined SI Enhanced 1.2 4.2 
cpTi machined SI Enhanced RFGDT 2.2 7.7 
cpTi machined ES Enhanced 1.6 5.6 
cpTi machined ES Enhanced RFGDT 2.4 8.4 

Ti6AI4V machined control surface 0.5 1.9 
Ti6AI4V machined control surface RFGDT 0.8 2.8 
Ti6AI4V machined SI Enhanced 1.8 6.3 
Ti6AI4V machined SI Enhanced RFGDT 1.9 6.7 
Ti6AI4V machined ES Enhanced 1.8 6.3 
Ti6AI4V machined ES Enhanced RFGDT 2.0 7.0 
cpTi cast control surface 1.8 6.3 
cpTi cast control surface RFGDT 1.8 6.3 
cpTi cast SI Enhanced 1.6 5.6 
cpTi cast SI Enhanced RFGDT 2.4 8.4 
cpTi cast ES Enhanced 1.5 5.3 
cpTi cast ES Enhanced RFGDT 2.4 8.4 
Ti6AI4V cast control surface 1.5 6.0 
Ti6AI4V cast control surface RFGDT 2.1 7.4 
Ti6AI4V cast SI Enhanced 1.2 4.2 
Ti6AI4V cast SI Enhanced RFGDT 1.6 5.6 
Ti6AI4V cast ES Enhanced 1.7 6.0 
Ti6AI4V cast ES Enhanced RFGDT 2.4 8.4 

Fig 5 -35 (see p lO 9) shows the oxide depth of the di f feren t 

samples analyzed be fore and after RFGDT. With the exception of 

the Ti6A14V ma ch i ned ES sample all other ES enhanced samples 

had similar ox ide thickne sses of 8 .4nm. cpTi cast S1 sample 

also had a s imi l ar oxide thickness o f 8.4nm. 

The analysis s howed that the method of fabrication employed 

had a significant effect on the o x ide thickness of samples 

(p=0.0062) and it was higher for cast samples (6.47nm) than 

machined samples (5 . 32nm). Surface enhancement significantly 

increased the ox ide thickness (p=O. 0006). Control surfaces had 

a thinner ox i e (4.70nm) compared to enhanced surfaces 

(S1=6. 08 nm and ES= 6.91 nm). On average the oxide thicknes s wa s 

significantly thic ker on RFGDT samples (6 . 77nm ) than untreated 

samples (5. 03nm) (p=O. 0002). There was an interaction between 

the meth o d of f abri cation and su r fa c e enhancement and machined 

control su rf ac e s had significantly lower oxide thicknesses 
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Scanning Electron Microscope Analysis5.2.2 

5.2.2.1 Fibroblasts 

Two days 

Following seed i n g, the fibroblasts were seen to attach and 

spread , displaying an extremely flat configuration, in an 

apparent attempt t o colonize the entire substrate surface (see 

Fig 5-54 and 5-55, p124) . The cells were seen to be in c l ose 

contact with the surface of the sample discs and though a 

networ k of cel l s lS seen over the s urface, there are still 

areas where cells h a v e not spread or attached. The neighboring 

cel l s maintained contact with o ne another in a haphazard 

manner through mul t iple e xtensions , varying from ext remel y 

short to relati ve long e x tensions. The machined Ti6A14V 

contro l sample was th e only sample that had a mo nolayer of 

ce lls on its surface after 2 days and it appeared mo re intense 

than the con trol sample (see Fig 5 -5 5, p124) . With the 

proliferation and spreading of cells it was difficult to 

identify indi vidual cel l s within the continuous sheet . 
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