CHAPTER 3

Materials and Experimental procedure

3.1 Raw materials

3.1.1 Perlite

O six percents combined water

\\\ N

\\ ~.o ¢ 871°C, the crude rock pops

\\\ \ eates countless tiny bubbles

exceptional physical properties of

in the crude perlite
similar to popcorn as.
which account for the
expanded perlite. The ex > to grayish color. While the crude

perlite may range from trans black.

Since,perli “aform of n: it is glassified as chemically inert
and has a pH of -; Tately = i:"
Il

Chemu composition of perlite contains 81O, 72.7% (70.3-75.1%), Al,O,

1Zoibpgjs?c;ﬂ:uﬁﬁmﬂﬂmﬁ%]ﬁ?% K,0 0.2% and LOI
QAR BRI Bt s

three g neral categories: construction application, horticultural application, and

industrial application.

Additional applications include its use as an abrasive in soaps, cleaners,

and polishes (22).
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Table 3.1 Typical physical characteristics of perlite (22)

Color white

Refractive Index 19

Free Moisture, Maximum 0.50%

pH (of water slurry) 6.5-8.0

Specific Gravity 22-24

Bulk Density (loose weight) “ ' ally in the 2-25 b/t range
;'}.' 400 g/é

Mesh Size Available

'y‘j’ﬁ\\ \. finer

Softening Point I' 1 ' \\é\\

Fusion Point / / /ﬁu ﬁ\:{\ \

Solubility -»u'. f =d alkali and HF
Cuu- *lr
1& ] . -

- Slightly S ! - n mineral acids (1N)

0%) in TN NaOH

:.E.f’:fx - ble (<1%) in water or weak acids

Diatomite i }s a siliceous sedlmentary material formed by the accumulation

of the skeletal ﬂw% m%ﬁ %ﬁ%%ﬂ% diatoms (23). Diatoms

are microscopi¢linembers of the alg‘:;e family consnstlng of many thousands of species
R AN TN TN TR B e o
composéd of silica and they occur in a wide variety of shape. These include cylindrical,

rod-like and star shape form, typically with a perforated surface and hollow interior.

The diatoms are composed of an amorphous form of silica containing a
small amount of microcrystalline material. Diatomite is chemically stable and inert.
Because of the open structure of the diatom skeletons. Diatomite is a lightweight rock

(SG 1.95) and quite hard (Hardness 4.5-5.0) (24).



22

The unique intricate structure of diatomite particles and its chemical
stability make it desirable as a filter aid. Currently over half of the world diatomite
production is used as a filter aid in beverage industries to help clarify wine, beer and
fruit juices and in water purification systems. The structure of the diatom shell results in a
low bulk density powder, with 90% of its volume composed of interconnected voids and

pores. Dry bulk density ranges from 128-320 kg/m3 with absorbency capabilities 2-2.5

times its dry weight, yet it does no rb water from air. The high pore and void

volume provide excellent capacity, capable of removing

particles less than 0.5 pme

08I0, plus 1-7% ALO,, 0.4-2.5%
019% K,O plus organic matter,
soluble salts (0.1-0.2% s. For physical characteristics

of diatomite are shown in

Table 3.2 Typic diatomite (23)

Wet Weight (kg/m°) ' |9%56%36- -

Loose Weight (kg/ms)

L

pH

-

Surface Area (M°/g) E

Color grey, buff, white, pink

£

Refractive Indfx| UEIAei% ‘ifw ¢I1N3
* AL

-

1

g

L

Porosity‘l%

~

Water Absorption (% by wt) 86-240

Median Pore size (um) 1.5-22.0

% Soluble 0.10-0.15

Hardness 4.5-5
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For filtration uses, natural grade diatomite is calcined by heat treatment
in gas or fuel oil fired rotary calciners, with or without a fluxing agent. Typical calciner

operating temperatures range from 650-1200°C.

The method for treatment diatomite waste from beverage industry is

described in Fig 3.1.

Calcining at 400 C

f umwmﬁfm N9

Calcined diatomite

waste

y

To size classification

Fig 3.1 Flow chart for treatment of diatomite waste
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3.1.3 Silica

The silica employed was synthesized from rice husk which was a high
purity silica whose composition is 98.10% SiO,, 0.91 Al,O,, 0.04% Na,0O, 0.1-0.5% K,0,
0.02% MnO,, 0.83% CaO, 0.03% MgO. The process flow chart for silica synthesis from

rice husk is shown in Fig. 3.2 (25).

Rice h SKy

/| washing with

water

MINYAY

Calcining at 650°C 1 hr,

rate 3°C/min

4

Particle size

Silica >

classification

Fig 3.2 Process for synthesis of silica from rice husk (25)
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3.1.4 Pumice
Pumice is a light, porous type of pyroclastic igneous rock. It is formed during
explosive volcanic eruptions when liquid lava is ejected into the air as a froth containing
masses of gas bubbles. As the lava solidifies, the bubbles are frozen into the rock. It is
considered a glass because it has no crystal structure. Pumice varies in density

according to the thickness of the solid material between the bubbles; many samples

float in water. It is widely used te 'make fightweight concrete and as an abrasive,

Typical chemical 7 . .>.~--- purtice c@ 70.5%, Al,O, 13.5%.
Table 3.3 T ha \\\ pUice (26)
Bulk D sl‘f{ﬁ'\\"ﬁ\\
R e PN
foi

Specificra
—

*
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A

Particle Shape Jiji-s

2| FMH.\\W Er

Loss On n,L" .

]

3.2 Characterization OE w materlals

Téi TSR TR
under a qcannm ctro verage particle

size and shape was determined by ASTM: F 1877-98.

3.2.2 Mineral composition

The crystalline phase compositions were identified by X-ray
diffractometer (XRD) (Bruker, D8-Advance). The samples were examined with angular

ranges from 10 to 70 degree 2-theta and a step scan of 3 degree per minute.
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3.2.3 Chemical analysis

The chemical compositions of the raw materials were identified by X-ray

fluorescence (ARL 9400).

3.3 The procedure of preparation of polishing agents

b

Polishing

agents

-16 um

Fig 3.3 Flow chart for the preparation of polishing agents

The average particles sizes of polishing agents for the preparation of

prophylaxis paste are shown in Table 3.4



Table 3.4 Average particle size of polishing agents.

Polishing agent

Average particle size

Pumice, -16 p

3.4 The preparation of prophylaxis paste :
ly,

The pﬁ;ara 0

(um)
Nupro 2222
Diatomite 505, 106-300 pm 103.44
Diatomite 505, 45-63 pm 40.42
Diatomite 505, -16 p 10.48
Diatomite hyflow, 466 39.10
Diatomite hyfloW ™16 it E 13.51
Calcined diatoga /mm\ 121.21
Calcined dia ﬁﬂ:’/ﬁﬂ b\\\\ 12.66
perite, 106-3g0ff /=S NN+ 0741
Perlite, -16 pm Ilﬂ ‘\\L\\\ 12.90
Silica, 106-300 I n‘\ 75.16

16.26

%

27

Daste @as performed by prepared

polishing/cleaning agents Aith some solve‘?} into a homogeneous paste of proper

consistency. /ﬂ\éur&]ad’a /1484 HUTpa/8ef nd fiigpic with regard to AA-

54426. As the ralsrence Nupro proppylams paste was chosen for porg'oerty comparison.

AN ADIDNKINYINY

(a) Perlite AP-120 (Expanded perlite)

(Thai Perlite Technology CO., Ltd.)

(b) Diatomite 505 (Celite Corporation, Food chemicals grade)
(c) Diatomite hyflow (Celite Corporation, Food chemicals grade)

(d) Calcined diatomite waste (Pathum Thani Brewery CO., Ltd.)

(e) Silica
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(f) Pumice

(g) Nupro prophylaxis paste (Control) (Dentsply Professional)

3.4.2 Solvents and surfactants
(a) Polyethylene glycol 400 (PEG 400) (EAC, The East Asiatic
(Thailand) Public Company Limited)

Formula: H-[O

@ol 400 can be dissolved in water to
form clear solutions and aré"seluble in m: ' vents.
range of solubilites and

al'and cosmetic preparations.(27)

obtained by reacting hydrg@enated castor ethylene oxide.

ted caster oil (28)

-
ot

LY

’ produced by reacting
higher saturated fatty :' ohols with ethylene oxide. .
i value: 6.0-7.5 (29 ,
AUBIBUNINYINT
v ¢

Q wqﬁﬁaﬂ'ﬁmﬁ'wﬁ ﬁﬁsﬂfé’;ﬂe flow chart, in

Fig 3.4. The compositions of prophylaxis pastes are shown in Tabl



Polyethylene glycol 400 Cremophor RH-40
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Ceteareth-20

v

Mixing at 50°C

Cleaning agent

Distilled water

'Bréparation

AULINENINYINT
RIAATAUIM TN



Table 3.5 Compositions of prophylaxis paste
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Polishing PEG Cremophor H,O Cetearate | pH*
agent (%) | 400 (%) | RH 40 (%) (%) 20 (%)
Nupro 8
Pumice
106-300 pm 55.53 22.43 3.77 2.89 6
45-63 ym 2 \\\ | 4.08 ; 6
-16 pm £7 8= %r 04 4.61 s 6
Perlite .——-"' ""--..5
106-300 pm % /A"m\\\\ 326 | 4.99 6
4563 pm A /ﬁg %, \\\ 568 | 8.68 6
APPRANS =T -
Diatomite 505 :
106-300 pm 6.08 . 8
45-63 um 5.04 » 8
-16 pm 5.17 - 6
Diatomite hyflow
45-63 um 7.56 A 6
-16 pm €8605 | 46600 | 997 7.35 - 6
Calcined diatﬁituﬁ a “E il 5 'iH Ii I ﬁ
U

17 02 - 7
-16 pym 43.87 4254 9.108 4.47 - 6
Silica
106-300 pm 32.36 27.45 11.19 8.8 20.19 7
45-63 um 37.75 37.75 15.52 5.08 3.89 7
-16 um 55.72 36.64 5.12 2.52 - 6




Table 3.5 Compositions of prophylaxis paste (continued)
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Perlite+Silica (1:1) 36.13 40.14 1375 2.46 151
(Both 106-300 pm)
Perlite + Silica (1:1) 51.14 20.66 21.23 6.95 -
(Both -16 pm)
Perlite + Diatomite 27.47 38.85 15.21 5.6 12.85
505 (1:1) (Both 106-300
pm) N
Perlite + Diatomite A648 6.32 -
505 (1:1) (Both -16 um) /
Perlite + Calcined / ' //1 15.41 -
diatomite waste (1:1)
(Both 106-300 pum)
Perlite + Calcined 9.61 -
diatomite waste (1:1)
(Both -16 pum)
Diatomite 505 + Silica 3.85 8.82
(1:1) (Both 106-300 p
Diatomite 505 + sn 3.24 -
(1:1) (Both -16 pm) E|

15.85 5.99 13.74

Calcined diatomite g &‘3.24 291

waste + Silica 1,” | ’J 'ﬂ 'nj E]’]ﬂ‘
(Both 106-300 pnf)!

!

QRN FTOHN TN

(Both -16 pm)

| &F

*pH values were used universal indikator pH 0-14
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3.5 Characterization and property of prophylaxis paste

3.5.1 The polishing property and surface roughness

The polishing property was assessed on 81 enamel and 81 dentin specimens
prepared from freshly extracted human teeth. Their surfaces had been flattened by wet
grinding using alumina (0.5-1.5 pym) and diamond paste (0-1pm). Half of the flat surface

of each enamel and dentin specimen was, covered with a piece of PVC tape, and was

was polished with the prepared shi - en for 30, 60, and 90 seconds with
rubber cup at 3,000 rp | 1, fiven-by micromotor (Ultimate 500,
Japan) shown in Fig 3 sed paste was collected for the
study of shape after pali esSs is schematically showed in

Fig 3.6.

Handpiece —*

handle

Rubber cUp
Enamel / Dentih =

AuE MBI NEN
RN INANINGIAY

Fig 3.5 Schematic diagram of polishing test
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Fig 3.6 Flow chart of enamel and dentin preparation, and polishing paste

characterization
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The surface roughness induced was recorded as average roughness (Ra in ym)
with a profilometer (Taylor Hobson Precision, Talyscan 150). The stylus followed each
specimen’s surface over a distance of 2.0 mm. at a Gaussian filter, a meter cut-off of
0.25 mm. following ISO 4288-1996.

Average roughness (Ra) is the universally recognized, and most used,

international parameter of roughness. It is the arithmetic mean of the absolute

15 _ - Q\ | " —
/. ‘! ﬂ\\\\\:

05}

Z(x) (micron)
o

o
o

Fig 3.74The graph for calculation of roughness value
(1

ALEAY EJ DANBAD A e v i =
"R IUNRINYIA Y
Ra = ; [} |z (3.1)

X = The cut-off length (mm).

[ = The length of profile used for the measurement of the surface roughness

parameters.
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I, (I-5) = The sampling length corresponds to filter cut-off length (7\,6).

Rp = The maximum height of the profile above the mean line with in the
sampling length.

Rv = The maximum depth of the profile below the mean line with in the
sampling length.

Rt = The maximum peak to valley height of the profile in the assessment

length. o '\

W

3.5.2 The morpholegy*efused pdlishingagen

The shape of usedpasie’was /cha L. by scanning electron microscope
(SEM).

3.5.3 The scra e and dentin

The scratches®® 2ol amelland dentin were observed by
optical microscope (OlympusBX 60N 5 : right field, respectively.
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