CHAPTER 4

Result and Discussion

4.1 Raw material characterization

Raw materials were characterized for a physical property, chemical

property and phase analysis in comparison with control prophylaxis paste.

Chemical Diatomite Silica Pumice
composition, wt %
Sio, 98.10 69.94
AlLO, ' 0.91 12.07
MgO 0.03 0.22
Na,O 2.?‘97 4.36 &36 3.42 0.04 4.29
K,O q x } ] Ij6i 3 0.07 4.19
] = L "
L
SRR TR UBAIMBINE: | oo
q,
TiO, 0.22 0.22 0.17 0.21 - 0.081
Fe, O, 1.49 1.57 117 1.30 - 1.89

From Table 4.1, as received diatomite hyflow has the highest content of

SiO, and also the lowest Fe,O,. Most of all, SiO, is the main composition of all materials.

In perlite and pumice that Al,O, content is higher than in diatomite.
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4.1.2 X-RAY diffraction of raw materials
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Fig 4.1 XRD patterns of raw materials
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From the x-ray diffraction patterns of raw materials in Fig 4.1, Nupro
prophylaxis paste (a) consists of mainly Ol-cristobalite at 2-theta 21.77 and some (-
quartz at 26.62 and some amorphous phase similar to diatomite 505, diatomite hyflow
and diatomite waste therefore it is presumed that the composition of Nupro prophylaxis
paste is diatomite. For perlite AP-120, pumice and silica in Fig 4.1 (e), (f), (g) consist
mostly of amorphous phase. However, there is also some small amount of crystalline
material in perlite, diatomite waste and calt{Wiatomite waste, from XRD pattern. The
phase compositions of both diatemite wastés;@nd after calcining at 400°C were

similar.
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Fig 4.2 SEM micrographs of diatomite 505



Fig'4.2'SEM niicrégraphs of diatomite 505/(Continued)

(a) Diatomite 505
(b) Diatomite 505, particle size -16 pm
(c) Agglomerate of diatomite

(d) Rod shape of diatomite particle
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From the SEM micrographs of diatomite 505, in Fig 4.2 (a) the particle
shapes are spherical spongy, porous shapes which are classified as formed-convex
surface particles appearing boulder-like. Most of diatomite -16 pym, Fig 4.2 (b) is
composed of rod shape and fragmented, honeycomb-like particles. Hence, they were
classified as favosed particles regarding honey comb-like sheet, and as fragmented
regarding ragged asymmetrical particles (15). However, it appears to be a mixture of all

the mentioned shapes in the two size diator‘hify

13941 m 230327

Fig 4.3 SEM micrographs of diatomite hyflow
(a) Diatomite hyflow, particle size 45-63 pm

(b) Diatomite hyflow, particle size -16 pm
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For particle shape of diatomite hyflow, 45-63 um, from Fig 4.3 (a) the
particles are composed of wheel shapes showing characteristic honeycomb-like. From

Fig 4.3 (b) diatomite hyflow, particle size -16 um, shows the fragmented honeycomb-like

structure of favosed type.

Fig 4.4 SEM micrographs of diatomite waste

(a) Diatomite waste, particle size 106-300 pm

(b) Diatomite waste, particle size -16 ym
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From Fig 4.4 (a) The particles of diatomite waste, 106-300 pm, are
spherical spongy, porous shape and boulder-like. Fig 4.4 (b), particle size -16 pm,

shows the fragmented honeycomb-like structure and is also favosed.

Fig 4.5 SEM micrographs of perlite
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Fig 448" SEM micfographs of perlite (Continued)
(d) Perlite, particle'sizeé:106-300 um
(&) Perlite, particle.size -16 ym

(c),Solid pa_r,t of a grain of perlite in (a) enlarged

The particles ©of perlite size 166:399 pm, from the SEM micrograph of Fig
4.5 (a), are round and contain.of pore insi_c__fé_rli'}ge popcorn, hence the shape is also
spherical, and porousd Fig 4.5 (b), particle size =16 pmaushows flat sheet-like or flakes

from fragments of large particles.
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Fig 4.6 SEM micrographs of silica
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Figy4.6-SEM-mignographs of siliea (Gontinued)
(a) Calcined silica from'rice husk
(b) Silicasparticlesize 406-30Q pma

(€Y, (d)"Solid part'of a grain of 'sitica in(a) enlarged

The particle shape of calcined silica in Fig 4.6 (a) is sharp, lathe-like
shape (31). Fig 4.6 (b), the shape of silica particle size 106-300 pm, is similar to
calcined silica. Fig 4.6 (c), shows the surface of silica grain. Fig 4.6 (d) displays the

conglomerate mass of fine spherical particles on the large surface of silica grain.
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Fig 4'7/SEN micragraph of pumice

From the micrograb’ﬁ of Fié{ A7 the particles of pumice show granular,

irregular shape. i e

i
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Fig 4.8 SEM micrographs of Nupro prophylaxis paste
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15 Ky _-=27000 10 pm 230326

Fig 4.8 SEMicragraps of Nupro prophylaxrs paste (Continued)
(a) Nupro prophyiéxrs paste
(@) Selid part of-a grarrr of silica in (a) enlarged Nupro

J’ "
prophylaxrs paste

From Fm&pamde?ofNupfe show the mrxed appearance of diatomite

505 and hyflow. Furthermore the particles from the mrcrograph consist of two basic

sizes. The larger partrcles are polisher and smaller partrcles are cleaner, randomly.



4.2 Characterization of prophylaxis paste

4.2.1 SEM micrographs of used polishing agents
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(h) Pumice, -16 pm

Fig 4.9 SEM micrographs of used polishing agents
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(i) Enlarge of pumice, -16 pm (j) Nupro
Fig 4.9 SEM micrographs of fisédepolishing agents (Continued)

2

From the SEMsmiergaraphs of some.of the used prophylaxis agents, Fig

4.8, the polishing agent be€omes sOunded inshape and sharp edges become blunt. In
|

addition, from Table 4.2¢fthe particle size" is decreased from the unused prophylaxis

paste because the particié abrades the derﬁin or the enamel surface and small amounts

of particle mass is transfeged Jor @s a resulﬂofabeing fragmented.

Table 4.2 Average particle s‘iﬂ%e, of used polishing agent

Polishing agent i’.{.ﬂ Average particle size

ol (um)
Nupfoﬂr 22.22 um ' 10)75
Diatomite 505,103.44 pm '94.32
Digtomite hyflow;18:61fum 10125
Petlite; 97.41Tum 00.47
Perlite, 12.90 pm 10.55
Silica, 75.16 ym 70.85
Pumice, 16.26 ym 11.98




4.2.2 Surface roughness of enamel and dentin

Table 4.3 Surface roughness of enamel and dentin
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Ra (um), Dentin 30 s Ra (um), Enamel 30 s
Gr. Polishing agent Flat After Ara Flat After Ara
surface | polishing surface | polishing
1 | Nupro 0.253 0.138 -0.024 0.110 0.079 0.035
2 | Silica, 106-300 um 1§ 00 -0.038 0.063 0.053 0.061
3 | Silica, 45-63 um 3] | 0. o 22 0.048 0.044 0.069
4 | Silica, -16 pm 8 | 0. ‘ 0.030 0.181 -0.067
5 | Diatomite 505, 106- \\0 M 0.077 0.094 0.020
6 | Diatomite 505, 45-6 00 \x 0.055 0.069 0.045
7| Diatomite waste, 45- - 0.104 0.099 | 0.015
8 | Diatomite hyflow, -16 B53r03 0024 | 0047 | 0.067
9 | Perlite AP-120, 106-300 0.001 /1 0.116 | 0097 | 0.017
10 | Perlite AP-120, 45-63 um 0.129 0.137 -0.023
11 | Perlite AP-120, -16 ym 0.019 0.109 0.072 0.042
12 | Perlite AP—120+|lSri'Ka (1:1)
(Both 106-300 pm)| = 0.272 0.325 | -0.211
13 | Perlite AP-120+Silieal(1:1) |
(Both -16 um) m 0.122 0.262 | -0.148
14 | Perlite AP- ﬁt .
L] Al T | ors | oom
15 | Perlite Ade+Dlatomlte I~ 'Y
A B 1Y Bl 149 g B oo | oo
16 | Diatomite 505+Silica (1:1) I N o
(Both 106-300 pm) 0.117 0.160 -0.046 0.381 0.255 | -0.141
17 | Diatomite 505+Silica (1:1)
(Both -16 pm) 0.081 0.062 0.052 0.076 0.071 0.043
18 | Pumice, 106-300 um 0.056 0.088 0.026 0.075 0.223 -0.109
19 | Pumice, 45-63 um 0.071 0.087 0.026 0.062 0.136 -0.022
20 | Pumice, -16 ym 0.175 0.158 -0.044 0.054 0.084 0.030
Average Ra of flat surfaces 0.114 0.114
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For dentin and enamel after polishing or grinding with prepared
prophylaxis paste their surface can be described in term of average roughness (Ra).
Since the flat surfaces of both dentin and enamel have to be prepared by grinding with
alumina powder (Al,O,), (0.5-1.5 pm) and polishing with diamond paste (0-1 ym) prior to
polishing with the prepared prophylaxis paste. The average roughness (Ra) value of the

flat surface is later taken as the control in comparison with the Ra after polishing with

er &
mass of dentin or enam

more small and shallo \té\\

Fig 3.7 the height b

prophylaxis paste.

If Ra after

surface, it means that some of
ooth surface because there are

average roughness graph in
. ced hence results in the

decrease in the avera

If the avera ghti ar neaps that the mass is transported,

To 11*‘ ---------------------------- we I gr ains and large grains or

shape of polishing parﬁles O
and wear between the twqrmvmg objects m&s} be briefly discussed.

GUEINENINEINT s
Statedﬁoﬁﬁl ENﬂ‘iflJ URIINYIAY

The frictional forces is proportional to the load W.

e&tural phenomena of friction

2. The force is independent of the geometric area of contact between

the two objects.

3. The kinetic frictional force for a system is approximately 1/3 of the

value of the normal load.
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The first and generally most important is that of adhesion between points
of actual contact between the surfaces. The true area of contact between two
unlubricated surfaces will be less than the apparent area. At those areas of contact, the
two surfaces will be bound by a certain adhesion force arising from the interaction
between the materials at the molecular level. For the two surfaces to move tangentially,

the points of adhesion must be sheared or broken. If the area of contact is A, the shear

strength of the bond is s, then the fri W to adhesion will be
’ (4.1)
The secc( | otal friction (F) is deformation

(Fyer): @and F may be writt

(4.2)

Without going into: e exact process involved the Fer IS

If a normal forc re"é' ,a lie e system (In the experiment it was
0.6 N.), it is expe :.:,_-. t the adde _,-_---.__-__,_-’.' perities will cause some

deformation leading t6*an act(32).
J - J

If the matqﬂﬂg respond to t dded pressure by plastic deformation

ie., a permaﬂ\tu\%l;q weshﬁijE#Qﬂ?mught about by the

application of the”nechamcal force), tge real area of content can be itten as

AW mmtuym'mma g .,

Where T, is the yield strength of the band, for two objects of the same

material, the coefficient of friction, 4, can be defined as
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Crystals with relatively isotropic structures like diamond sapphire
have u ~0.1. Anisotropic or layered crystalline materials such as graphite and talc are
known as good lubricants (lower friction) and also have low My (~0.1). In summary,
materials with low x, will deform elastically rather than plastically. However, beyond a

certain load, they also show surface damage with increased u s Value.

different materials, with different hardness,

soft surface, forming grooves.

e —

, ’%ﬁombination of adhesion and

If the two surfaces areia

asperities on the hard surface

The total ¢
plowing contributions. If : own to be relatively blunt, it

can assumed that they tion in terms of the plowing

mechanism.

Before dis i ! thy iShing esults, it is very important to
mention about the c _ofithe experi prophylaxis pastes due to the
difference in the nature _ yed, i.e. shape, particle size
porosity, mineral type, etc of the solid into a paste of required
consistency is complicated éiﬁz?e/"ﬂj low bulk density) highly

O
SEE fatal MOT Nolisitie}
B I T-OUru

in low density paste. C}"ﬂ the"ce igmbulk density) can easily be

accommodated into high 9en3|ty paste. For w reason, in Table 3.5 the solid contents

of the prepareﬁ% &]jgg Jﬂ B%«/‘ﬁt Wilﬂl ﬂh%wnh large particles, 12

wt%, to the hlghﬁ&t 68 wt% of pastg; of pumice W|th fine partlcles Therefore, with no
s QAR AATUHNTT R s roro e
pastes, with fine particles (35-68 wt%), with medium particles (21-60 wt%) and with
large particles (12-56 wt%). It is noted that all the pastes of pumice contain high solid
content, 56-68 wt% and those of perlite contain the lowest, 12-47 wt%.

The results of Ra in Table 4.3 are graphically presented in Fig 4.10 and
Fig 4.11
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Dentin 30S | Nupro

0.18 S = Silica
014 D = Diatomite
Ut P = Perlite
i Pu = Pumice
0.10

& 008
0.06 Ra; High >0.15

Medium 0.15-0.10

I
: Low <0.10
|

with medium partlcle 'paste with fine particles. ( ‘aining diatomite show low
to medium Ra values, éwd the trend is the same as tHAse containing silica. Pastes
containing perlitﬁhow loW tewmedium Ra val@ies and their Ra values also decrease with

A2l rd ] -9 W& MR o rien ma vatues

However, the paste with fine pumicefparticles shows a quite high®Ra value due to its

very igh|sdhd b o ekt mikea boibi BbensbRatbues of past

q
containing perlite + silica are from low to high. Ra value of paste with large particles (36

decreasing parti

wt %), is less than that of paste with fine particles (51 wt%). This is an obvious effect of
solid content. Ra values of pastes containing perlite + diatomite are low, and Ra values
of pastes with either large or fine particles are approximately the same. This, to a certain
extent, is due to the less abrasive nature of diatomite. Ra values of pastes containing
diatomite + silica are from low to high and in the normal trend. Nupro shows medium Ra

value corresponding to its constituent, diatomite.
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0.35 Enamel 30s N = Nupro
S = Silica
] D = Diatomite
e P = Perlite
0'20: Pu = Pumice
c 015
0.10 4 Ra; High >0.15

Medium 0.15-0.10

s Low <0.10

*p\""l."'

Fig. 4.11, the g Ilsr@jest‘ Eprophylaxis pastes on enamel shows the
A u}fjﬁ .
Ra values after polishing ranglng"#eﬂa_—o 04&5 Pastes containing silica show very

.l'rn-i#;

low to medium Ra valLﬁs The Ra vaTues tend to e_cirﬂw;h decreasing particles with

Pastes containing dratonje show lov es cg.rjaining perlite also show low

to medium Ra values, anq;tE low Ra value @f,paste with large particles is due to the

very low solid ﬂw% &Lc’@ n‘?,Q ﬂt% @ﬁwrﬂ ’]pﬂsﬁg Pastes containing

pumice show Iow% high Ra values in the normal orcg of particle SIZQ:]

o) VPof e F oAl agenb % ek B ites contaning
either Iarga or fine particles of perlite + silica show very high Ra values which may be
due to the effect of large particles plus high solid content. Pastes containing perlite +
diatomite show low to medium Ra values with normal trend. Pastes containing diatomite
+ silica show low to high Ra value, also with normal trend. Nupro paste shows quite a
low Ra value, and is competitive with pastes containing either silica or diatomite or
perlite. However, it is quite complicated in making decision on comparison since there

are complications regarding the nature of different materials and solid content in the
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compounding of the paste. The general trend is that pastes with large particle size
should show high Ra values. The hardness of enamel (~5-8 Mohs) is much higher than
that of dentin (~1-2 Mohs). Then the good polishes should have competitive hardness
and it is also believed that materials with very fine particles. |.e. fume silica, amorphous

alumina, etc. should exhibit lower hardness than when they are present as bigger

of b in and enamel specimens obtained
..J

ste@nd 90 seconds are plotted

o Appendix C. There is no

particles.

The test on the effect of polishing t\

The results of

after polishing with selec@xi

against polishing time, in Ej
correlation between Ra v
trend that the Ra values o ' ' paste time, but after 60 seconds

this experiment. But there is a

However, the Ra value fro WithY e icles of perlite seems

increase further from 60 s€conds. s the incomplete breaking of its

o
-, i
WAL

are good polishes for.enamel in;ﬁmolg s
N

Y
N8 N

345678
-0.02

-0.04

-0.06
Polishing agent

Fig 4.12 Average roughness of dentin between flat and polished surface
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Enamel 30S

ARa

polish since the polishing test 6f—=¢ ,“-“- imental pastes has not individually

e

the tooth sample: It vious that 1 ) can greatly vary from one

to another. Thereforeg/en using condition inﬂm preparation of flat surface
on each half ofﬁooth, it fs@ificult to get a narfrow range of the Ra values of both dentin

S e

0.037-0.288 and 0.024-0.351, respedtively. Accordingly the Ra valugs of the flat surface

st 6Bl Wbk Ak K 9 e KGYalib o e et

(20 specimens). As seen in Table 4.3, it is found that the average Ra value of both 20

and enamel. T

dentin and 20 enamel specimens happens to be the same value, 0.114. In order to

compare the performance of the experimental prophylaxis pastes, ARa is deduced

from Rag, - Ra of each test paste, and the graphic illustration is shown in Fig 4.12

after

and 4.13.
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It is seen from Fig 4.12 that about half of the prophylaxis pastes have the
ARa values in the positive side which means that they have lower or smaller Ra values
(smoother surface) than the normalized flat surface of dentin, and the rest (including
Nupro) has larger Ra, hence half of the pastes are good polishes. Considering only

positive ARa the trend is that the A Ra values of diatomite> silica> perlite.

Pastes from large particle diatomite and medium particle perlite show

e diatomite paste with fine particles,
and from the mixture of diatomite-and parlite /ith fine and coarse particles. The
graphic illustration of Fig 7sfthe onena e ARa values of pastes from
silica > diatomite > petlite. & : ¢plain that materials with higher hardness are
needed for enamel. Howevepthg 2 sct of partiele size on dentin and enamel
i id content. From the results it is
medium to fine fragmented
5 with fine particles are better

polishes.
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Dentin Enamel

!
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\ ‘!l} \C) ——
Before T After (a) Perlite+Silica -16-um

|

salisking®P| pelishing (b) Perlite+Diatomite’505 106-300 pm

(c) Petlitet+Diatomite 505 -16 ym

Fig 414" SEM micrographs 6f dentincand lenamel polished with mixing
polishing agents.

Fig 4.14 shows the SEM micrographs of the flat and polished surfaces of
dentin and enamel in comparison. For dentin, surfaces in (a) is rougher than the flat
surface while those of (b) and (c) are smoother than their corresponding flat surfaces.
For enamel, surfaces in (a) and (b) are rougher than the corresponding flat surfaces but

surface in (c) is smoother.
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