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ABSTRACT

Tests of seven samples of raw kaeolins from Burma were
conducted as subcontract of the UNTDO project DP/BUR/85/017
"Examination of Local Kaolin for lse as Paper Filler".

The kaolin was classified by washing in a labeoratory pilot
plant and particular fractions of washing were tested and
evaluated. Suitable areas of application were specified for

the Burmese kaolins.

Some of the sample.s represent a raw material of lower
quality, especially as regard to their whiteness, and comp-
lex upgrading methods have to be applied for their upgrading.
Whiteness of kaolins Shwe Dcung, Wellan, Kadatdauk, Maukmar
and YoezaYat can be increased by chemical bleaching which is
the most successful method of this purpose. After upgrading
thz kaolins can be usad us paper fillers of medium quality.
Washed kaolins Mabizan and Kyauktaga have a sufficient whit-
ness (about 71%) and they can be used as paper fillers with-
out bleaching. All the kaolins tested can be utilized in dif-

ferent branches of ceramic industry.

Besides laboratory and pilot plant testing the suitoble

technologies of upgrading were recommended for each kaolin.
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INTRODUCTION

The suitability of the delivered Burmese kaolin samp-
les for the paper making and testing of suitable upgrading
methods for increasing of whiteness were the principal ob-
jectivesof the tests conducted. The samples represented raw
materials recently found in Burma which were predetermined
as substitute for the imported fillers for Burmese paper

industry which is expected to expand in near future.

In principle, there are two applications for kaolini-
tic minerals in the paper making - as fillers or as coating
agents.The testing programme was, therefore set up so as
to make possibhle to investigate gradually all the decisive
paramaters for the above applications. The kaolin samples
were washed in three basic fractions according to grain si-
ze distribution and the main effort was concentrated on the
paper making appropriate clay fraction. The parameters Wat-
ched were the grain size distribution, whiteness, abrasi-
vity and the possibility of upgrading by industrial mine-

ral processing methods.

ood quality coating kaolins are required to have
about 20 per cent of particles in the range under 2 mic-
rons and maximum 10 per cent of particles above 10 microns;
their abrasivity is usually 10 mg or less and brightness
above 80%. The requirements for the fillets are less strict;
about 55% per cent of particles under ? microns, abrasivi-
ty accounting for 2?5 - 40 mg and whiteness 75 per cent and

more.

The testing programme included all *he tests specified

in the contract to be carried outl:

chemiral and minecralogical analyses in a 1aw state
washing of raw kaolin to sepatate:

a) sandy fractian

b) silty fraction

) clay frtaction




- chemical and mineraloaical! analvses of {ractions

a, Q. c.
- grain size distribution of fractions a. b, ¢
- technological properties of fractions a, b, ¢

- chemical bleaching, magnetic separation and delami-

nation of fraction c.

Based on the results of the above tests the quality
of the samples was evaluated from the point of view of
vaper making and Teramic production, the results were con-
cluded and relevant actions and upgrading technologies were

recommended.




II.

a)

c)

d)

CONCLUSIONS AND RECOMMENDATIONS

SHWE DAUNG

The tested kaolin can be classified as a raw material with
medium content of kaolinite about 30%. Washed kaolin has a
very low whiteness, the lowest one from the whole set of

the samples. The kaolin is not suitable for an application
in paper industry without further upgrading but it can be
directly used irn acerawic idustry (sanitaryware, wall tiles,
floor tiles, facade tiles, pottery, stoneware, a:itistic ce-

ramics) .

The kaolin can be treated especially by chemical bleaching.
The final value of whiteness after bleaching is from 65 to
60%.

Sand as a by-product of washing can be used in o building
industry. Silty fraction is utilizable in ceramic industry
as a part of body mixtures in production of flioor tiles,

wall tiles, stoneware, pottery and artistic ceramics.

Following technoloay of upgrading is recommended for

kaolin Shwe Daung:

- washing

- control sieving on the sieve 1.0 mm removing
nf  sand and pebbles

- classification in hydrocyclones 150 mm (HYCY 150)
for removing of fine-grained sand

- classification in hydrocyclones 50 mm (HYCY 50)
for removing of silty fractions

- flocculation

- thickening

- filtration

drying




a)

b)

c)

d)

The kaolin can be classified as o rich raw material with
a yvield of washing about 23%. Whiteness of the washed kao-
lin is low (only 65%). Abrasivity is suitable for an appli-
cation in paper industry. The keolin has a low strength, a
higher content of A1203 (33%) and its colour after firing

is white.

Whiteness of the kaolin <can be increased by chemical blea-
ching (up to thevalue 72%), by magnetic separation f(up to the
value 68.5%) and partly by delamination {upto the value 66%).
Jtilization of the kaolin as a paper filler is possible

after upgrading.

The washed kaolin without treatment can be used in a cera-
mic industry &s a part of body mixtures in a production
of wall tiles, floor tiles, facede tiles, sanitaryware,

stoneware and pottery.

Following technology of upgrading is reccmmended for kaolin
Wellan:

- washing
- control sieveing on the sieve 1.0 mm for removing

0f sand and pebbles

- classification in hydrocyclones 150 mm (HYCY 150)

for removing of fine-grained sand

- classification in hydrocyclones 50 mm (HYCY 50)

for removing of s5ilty fracticn
- flocculation
- thickening
- filtration

- dryinag




b)

c)

d)

e)

The teosted kaolin can be classified as a rich raw material

with the yield of washing about 35%. Whiteness of weshed
kaolin is low - 59%, abrasivity is good - 15 mq. The kao-

lin has lower strength, colour wfter firing is grey.

Kaolin without upgrading (bleaching) cannot be recommen-
ded for applications in a paper industry, It can be used
in ceramic industry for producion of tiles, stonewvare,

sanitaryware, pottery ard artistic ceramics.

Chemical bleaching is the most effective method for increas-
ing of whiteness of kaolin Kadatdauk, but the final white-

ness reached is still low - 63%.

By-products of washing can be used in some industrial
branches. Sand can be utilized (after classification)

as a foundry sand in metallurgy and also in building indust-
ry for production of concrete and mortars. Silty fraction

of washing is utilizable in ceramic industry as a component
of body mixtures in the production of wall tiles, floor

tiles. stoneware and pottery.

Following technology of upgrading is recommended for

kaolin Wellan:

- washing
- control sieving on the sieve 1.0 mm for removing of

sand and pebbles

- classification in hydrocyclones 150 mm {(HYCY 150)

for removing of fine-gqrained sand

- classification in hydrocyclones 50 mm (HYCY 50)

for removing of silty fraction
- flocculation

- thickening
- filtration

- drying




a)

b)

c)

d)

5.

o)

MAURMAT

The raw material is very rich for kaolin, yield of washing
is 70%. Whiteness of washed kaolin is quite low - about

55%, abrasivity is suitable.

Whiteness of kaolinitic fractinn can be increased by che-
mical bleaching up *o 72%, by magnetic separation up to 70%, by de-
lamination up to 98.6%. After upgrading the kaolin can bz used

as a paper filler.

Washed keolin has suitable technologicel properties for
ttilization in ceramic industry in production of t{iles,
stoneware, sanitaryware, pottery, electrical and laboratory
porcelain. Amount »f by- product of washing is very low for
the kaolin Maukmai. Sand is very fine-grained with a high
content of colouring oxides. It can be used in a limited
amount in building industry. Silty fraction contains only

a small amount of A1203 and it can be used in ceramic in-

dustry as a component of body mixtures.

Following technology of upgrading is recommended for

kaolin Maukmai:

- washing

- classification in hydrocyclones 150 mm (HYCY 150)
for removing cf fine-grained sand

- classification in hydrocyclones 50 mm (HYIY H0)
for removing of silty fraction

- floceculation

- thicrkening

- filtration

- diying
YORZAYAT
Yield of washineg is abount 458 for the raw mabterial . White-
ness of kaolinitice fraction ia low (5070) and abrasivity

i high, Kanlinitic fraction containg aguite tow amount of




c)

d)

0.

Xaolinite and relatively high concentr crion o6 qusr e and fold-
Gpal . Kaolin cannot be reconrzendet 18 @ capne:r $il 7oy beacguse of
its tow whiteness and high abrasivity.
Whiteness of the washed kaolin can be vartly insreased by mag-
netic separation (whiteness $1%), chemical bleaching {whiteness
63%) or delaminction {whiteness 93%). The meir ares of avbplica-
tion of the kaolin Yoezavat is ceramic industry, especially
production of well tiles, floor tiles, facade tiles, stoneware
and pottery. Jtilization of by-products of washing wilil be very
problematic beccsuse of very low content of :\.1203 and o high con-
centration of impurities. Part of sandy fraction can be used in
building industry.
The main area of application of ‘the kaolin Yoezayat is ceramic
industry, especially production of wall tiles, floor tiles, fa-
cade tiles, stonewaere and pottery. Utilizetion of by-products
of washing will be very piroblematic because of very low content
of A1203 and a high concentration of impurities. Part of sandy
fraction can be used in building industry.
Following technology of upgrading is recommended for kaolin
Yoezayat:
- washing
- classification in hydrocy~lones 150 mm (HYCY 150)

for removing of fine-grained sand
- classification in hydiocyclones 50 mm (HYCY 30)

for removing of silty fraction
- florculation
- thickening
- filtration

- dryving

MARTZAN

a) Yield of wanhing of the raw materia!l in below 05, but
the product han o aood whiteness 2 /700=70 and suitable
abranivity (19 meg . Wanhe d R lin can be uned ooy mediam
aual ity (11 in paper proaduct

) Whitenens of the wonhed 2o lin coan b dnereaned by omoagnet o

Sonatat ion bo Phee v toe S0 by chem ey ! bloyochiing to the

value 770 nd by doedarinagt don to the e bae 0y




d)

a)

h)

because of its »~w strencth and colour sfrer i

Sand as byv- product of washing can be used for nroeduction
of lower quality glasses, as a foundry sand and also in
buiiding industry.

Silty fraction of washing can be utilized in some ceramic
productions as forexample floor tiles, wall tiles, stonewcre

and pottery.

Foliowing technclogy of upgrading is recommended for kaolin

Mabizan:

- washing

~ separation of sand (for example by spiral classifi-
cators)

- classification in hydrocyclones 150 mm (HYCY 150)
for removing of fine-grained sand

- classification in hydrocyclones 50 mm (HYCY 50)
for removing of silty fraction

- flocculation

- sedimentation

- filtration

- drying

KYAUKTACA

The 1aw material i85 a rombact 1ok whis~h has to be nrocessed
by crushina and agrinding. Overqgrinding can influence nega-

tively the final whiteness of the kaolin produact.

Kaolin has a hiagh vield of Saobtiniti- fraction 7500000,
Warched kaolin has o aood whiteness 0100, guitable abrani -
vity 712 and 28 mgl ond i can be o aaed oA good o quality

paper 1 llen




c)

d)

e)

Whiteness of the washed kaclin can be improved by magnetic
separation (76.5%) or chemical bleaching (49%).

Delamination decreases the kaolin whiteness substantially.

By-products of washing (sand and silty fraction) have a
similar chemicel composition and they can be utilized in a

limited amount in ceramic industry.

Following technology of upgrading is recommended for

kaolin Kyauktaga:

~ crushing
- grinding
- classification of sand and removing of sandy fraction
- classification in hydrocyclones 150 mm (HYCY 150)
for removing of fine-grained sand
- classification in hydrocyclones 50 mm (HYCY 50)
for removing of silty fraction
~ flocculation
- sedimentation
- filtration

- drying




ITI.

TECHNOLOGICAL TESTS

METHODS APPLIED

The samples of delivered raw matericls were at first
evaluated in a macroscopic way from the point of view of
mineralogy and petrography. Further they were analyzed
chemically by the methods of classical wet analysis (by gra-
vimetric, titrimetric and photometric methods), combined
with the method of absorption spectrophotometry. Mineralo-
gical analyses were executed by the X-ray method and by

the thermal methods.

Thermal analyses, 1. e. differential and gravimetric
thermal analyses, were carried out by means of derivato-
graphic method (Q - 1500 D, MOM, Hungary). Particle size
distribution of silty fraction and clay fraction were deter-
mined by sedimentometric method (Sedigraph 5000, Micromeri-
tics). Abrasivity of the kaolinitic fraction was ascertain-
ed by the apparatus Einlehner AT 1000. The device Opton

Elrepho RFA 2 was used for measurement of brigtness.

Laboratory washing was carried out with 0.5 kg of
the kaolin sample, pilot washing was carried out with 25 kg
of the raw material. During the laboratory washing, a sandy
fraction was separated ywith the sicve 0.063 mm; silty fraction

and kaolinitic fraction were sepatated by sedimentation.

Hydrocyclones 50 mm (HYCY 50) were used for classi-
fication and separation of silty and keolinitic fractions.

Conditions of classification in HYCY 50:

- voncentration of dry material in inlet suspension
en - 110 g/
(for Mabizan only 50 g/l because of the high content
of sandy firaction)
- pressure used 0.1 MpP,
-~ outf{low nozz!ce diameter 1.7 mm

- overl flow nozzle diameter 1l mn




Over flow from HYCY was controlled with +the sieve 0.063 mm.

Viscosity was mecsured by o flow viscosimeter. Litre
weight of the suspension was 1445 g/1 and soda ash was

used for dispergation in the amount of 0.15%.

Tests of high intensity magnetic separation were car-

ried outwith 4 pilot separator SALA 10-15-20. Following con-

ditions of separation were used:

concentration of dry material in suspension 300 g/1
dispergation 0.6% of sodium hexamethaphosphate

mixing of suspension before separation S minutes
diameter of fibres in matrix 50 microns
loading of matrix 1.8 g . cm_3
flow rate 6 mm . s -1

magnetic induction 1.1 T and 1. T

Standard method of chemical bleaching was used for all
samples. There are three basic technological steps in this
method:

a) to convert colouring admixtures into a colourless

form
b) to fix the colour'ess form

c) to adjust filterability of keolin and to stabilize

whiteness
Characterization of chemical bleaching process:

a) discontinuous course

b) time of one bleaching cycle - approx. ? hours

¢) concentration of kaolin suspension used for bleaching
- 15%

d) no ecologically dangerous wante

) enerqgy consumption for | ton of kaolin - 25 kWh

Glass balls of different diasmeterswere used foe arinding

during delaminatinn.




2. Testing of Burmese Xaolins for lse as Paper Filler

2.1.

SHWE DAUNG

a) Raw Material Characterization

b)

Moisture (% HZO)
Chemical analysis (%) A1203

White-grey, fine, as far as very fine-grained,
pletely desintegrated raw material with a low level of
consolidation. Besides prevailing clay minerals,
material contains small amount of relatively bigger quartz

grains, small plates of light mica and < small amount of

turmaline and iron hydroxides.

Quartz is a prevailing mineral in the residues on
the sieve 0.063 mm. Feldspar, muscovite and turmaline

are also present in small emounts.Biotite and iron oxides

0.17

and hydroxides are present as accessonries.

The sample contains from 50 to 55%

35 - 40% of quartz and 10% of feldspar

tassium feldspcer). Content of micas is

lLhaboratory Washing

Balance of wasning

Yield

of kasolinite,
(especially po-

very

(wt

K

”

low.

)

Sandy fraction - above 0.0063 mnm
Stlty fraction - 0.063 - 0,02 mm

Kaolinitic

. - below 0.0 mm
fraction




Properties of Laboratory Washing Products:

Chemical Analvsis (3%):

Sandy Silty Kaolinitic

fraction fraction fraction
L.0.1. 2.35 8.84 ' 11.91
SiO2 85.35 62.50 51.57
TiO2 0.22 0.30 0.46
A1203 9.28 26.74 32.31
F’e203 1.04 1.06 1.561
MqgO 0.11 0.14 0.29
Cal 0.040 0.12 0.65
Na20 0.25 0.16 0.11
K20 1.36 0.14 1.09

Mineralogical Anclysis (%):

Kaolinite 15 65 8%
Quartz 70 35 10
Feldspar 5-10 <1 <5
Micas <5 <5

Technological Properties of Kaolinitic Fraction (below €.02 mm):

Whiteness (%) SN

Abrasivity (Mqg) 2.-

Properties of Sandy Frarction (above 0.063 mm):

The fraction is formed by tine-gqrained nand of yvellowish

colonr, whirh containsg high amount of impurities, ~apecially

micas and organic admixtuare:,




Grain Size Distribution of Sandy Fraction:

Fraction (mm) Content (wt %) Total (wt. %)
+1.0 10.8 10.8
0.8 -1.0 3.4 14.2
0.6 - 0.8 4.8 19.0
0.4 - 0.6 10.4 29 .4
0.3 - 0.4 5.8 35.2
0.2 - 0.3 12.8 48.0
'. 0.1 - 0.2 26.2 74 .2
-0.1 25.8 100. -
Washable matters (%) 1.63
Medium diameter of grain (mm) 0.14

c¢) Pilot Washing

Balance Yield (wt %)

Sand - above 0.3 mm 32.6

Outflow HYCY 50 35.9

Overflow HYCY 50 31.5

‘ Properties of Qverflow HYCY 50,kaolinitic fraction - below
0.072 mm:

Whiteness (%) 53.13
Abrasivity (mg) 13.0
Strength of casted body (MPa) 1.9
Viscosity [(S) 10.0
Shrinkage after drying (%) 9.6
Shrinkage after firing 7) 12.6
Total shrinkage (%) 21,0
Colour arter firing light vellow

Forming of body {mm . min ) 1,245




Grain Size Distribution: content {(wt %)

Fraction {(microns)

20 - G0 1

10 - 2 4

5 - 1¢ 20

2 -5 30

1 -2 15

-1 30

Chemical Analysis: content (wt %)

. Fe203 1.56
TiO2 0.47

Possibilities of Treatment of Overflow HYCY 50:

1) Magnetic separation:

magnetic Sample Yield (wt %) Content of
field F‘9203 (wt %) TiO, (wt %) whiteness
intensity (T} : (%)
inlet 1.56 0.74 53.3
P 94.4 1.23 0.42 58.9
1.1 0 0.4
‘l’ M 5.2
P 89.? 1.19 0.35 59.4
1.9 0 4.4
M 6.4
P - non-magnetic product; 0 - non-magnetic by-product; M - magnetic product

7. Chemical bleaching:

Whitenensa

Inlet {(before hleasching) v .0

Product {(after bleaching) 4.0




Different methods of chemical bleaching were tested.
The maximum velue of whiteness reached with the kaolin
Shwe Daung was 09.2%, it means Lncreasing of whiteness

about 13.2%.

3) Delamination

Whiteness (%)

Inlet 54.0

Product 539.7

‘ 2.2. WELLAN
a) Raw Material Characterization

Moisture (% HQO) 5.8

Chemical Analysis(%) A1203 19.61
Nc20 0.11

1.7

K?O 1.79

White-grey, uniformly fine-grained raw material with

q; a low consolidation and & high ccntent of quartz grains.

Quartz is a prevailing mineras! in the residues on the
sieve 0.053 mm and it forms about 85% of the residues.
Muscovite (s present in the amount about 1u%. Feldspar
was also proved in a small amount about 3%, Riotite and
iron hydroxides are present as accessories.

Cantent of kaolinite in the sample ig from (00 fo 4575,

Quartz is present in a similar amount. Feldspars and mi-

cas are mroved in the concentrations from 5 oto 105




b)

Laboratorv Washing

Balance of washing

Sandy fraction - above O.

S5ilty fraction - 0.0063 -

Kaoliniti-

vield

063 mm 4

0.02 mn 1

fraction - below 0.02 mm 3

Properties of Laboratory Washing Products:

(wt %)
8.4
8.6
3.0

Sandy fraction | Silky fraction | Kaolinitic
fraction
L.O.T. 1.21 6.68 12.25
5102 91.78 66.58 49.72
TiO2 0.36 0.57 1.10
A1201 4.37 21 .68 33.54
| =g
‘e203 0.32 0.88 1.11
MgO 0.039 0.21 0.29
Ca0O 0.043 0.12 0.68
Na20 0.11 n.14 0.090
K20 1.77 2.74 1.22
Mineralogical Analysis (%):
Kaolinite 5 - 10 10 8
Quartz 85 45 15
Feldspar 10 15 5 |
1

Technological Propertics of Kaolinitic Fraction

(below 0.02 mm):

(%)

Whiteness

Abrasivity

{mey)




Properties cf Sandy Fraction {above C¢.063 mm):

The fraction is formed by fine-grained, grey-white sand.
Ochre and black greoins of impurities and organic admixtures
are present in coarser fractions. Fine-grained mica repre-

sents the main impurity of the fraction.

Grain Size Distribution of Sandy Fraction:

Fraction (mm) Content (wt %) Total (wt %)
+ 1.0 0.4 0.4
0.8 -1.0 0.1 0.5
0.6 - 0.8 0.1 0.5
0.4 - 0.6 0.4 1.0
0.3 - 0.4 0.8 1.8
0.2 - 0.3 12.8 14.6
0.1 - 0.2 57.0 71.6
- 0.1 28.4 100. -
Washable matters (%) - 1.72
Medium diameter of grain (mm) 0.14

c) Pilot Washing:

Balance Yield (wt %)
Sand - above 0.3 mm 22.13
Outflow HYCY 50 4003
Over flow HY(TY 50 17 .4

Properties of Overflow HY'Y 50 (kaolinitic fraction

- below 0.02 mm):

Whiteness (%) H3.,h
Abtasivity (meqg) 19, -
Strenath of casted body (MPa) 1.0l

Viseosity (5) J0.8




Shrinkage after

Shr inkage atfter firing

Total! shrinkage (%)
Colour

after firing

Forming of bedy (mm . min

Grain Size Distribution:

Fraction (wmicrons)

20 - 60

10 - 20

" 5 - 10
2 -5

1 -2

below 1

drving (%)

2.
%)

-t/2

)

s

+ 1.8 (1410°C)
light vellow
1.23

Content (wt %)

0
0
18
32
20
30

Chemical Analysis: Content (wt %)
Fe203 1.27
TiO? 1.15
Possibilities of Treatment of Overflow HYCY 50:
1) Magnetic Separation
Magnetic field | Sample Yield (wt %) Content of
intensity (T) Fe,0, Ti07 Whiteness
(wt %) (wt %) (%)
inlet 100 1.27 1.15 53.5
94.? 1.01 (.84 O8R5
1.1 0.8
5.0
p 97 . 0.5 (3.8 H9.8
1.9 0 1.
M G

P - non-magnetic prodact; O -

non -macnet ic by-product ;. M

- manet ic oroduct




|
"~
)
i

?) Chemical Bleaching: Whiteness 3]
Inlet (before bleaching) 63.3
Product (after bleaching) 72.5

3) Dalamination: Whiteness (%)
Inlet 63.8
Product 66.0

2.3. KADATDAUK
a) Raw Material Characterization
. Moisture (% HZO) 2.3

Chemical Analysis (%) A1203 22.42
Na20 0.18
K20 1.48

Light grey kaolin with small brown and red-brown
dots and spots. It is fine-grained with a low level of
consolidation and irreqular disintegration. The raw mate-
rial is nearly completely weathered and it contains many

pores and small caverns.

Residues on the sieve 0.063 mm are formed mainly
by quartz {920%) which was proved in the whole grain size
spectrum. Feldspar and iron oxides and hydroxides are
nresent in the amounts about 5%. Muscovite is present

only as accessory in a very small amount.

Quartz is mostly angular, turbhid as far ag semi-
br ight. The concentration of quarts is 45%% ia the sample,
content of kaolinite i5 approximately 45 - 50%. Fel ispars

and micas vere proved in the concentrations about H%,




b) Laboratory Washing

Balance Yield ‘w
Sandy fraction - gbove 0.063 mm 4
Silty fraction - 0.053 - 0.02 mm 21.
Kaolinitic fraction - below 0.02 mm 354

Properties of Laboratory Washing Products:

Chemical Analysis (%):

Sandy fraction | Silty fraction] Kaolinitic
fraction
L.O.I. 1.11 6.71 11.78
SiO2 92.75 67.44 50.12
'I‘iO2 0.1¢ 1.28 1.69
26 2.
A12O3 3.77 20.26 2.83
Fe203 1.27 1.37 1.72
Mg0 0.036 0.24 0.38
Ca0 0.02¢ 0.11 0.59
No20 0.051 G.13 0.099
K?O 0.7¢ 2.46 1.39
Minaralogical Analysis (%):
Kaolinite <5 10 30
Ouartz KRS - Q0 50 45
Mica ‘ ) 5 N
Feldspar < 5= 10 - 10




Technological Propsrties of Xaeolinitic Fraction

{balow 0.02 mm):

Whiteness (%) 38.9
Abrasivity (mg) i5.-

Properties of Sandy Fraction {above 0.063 mm):

Sand is fine-grairned and veliowish. It contains
small amounts of conglomerated quartz grains, organic

admixtures and fine-grained white mica.

. Grain Size Distribution of Sandy Fraction:
Fraction {mm) Content (wt %) Total (wt %)
+ 1.0 13.2 13.2
0.8 -1.0 3.4 16.6
0.6 - 0.8 1.8 21.4
0.4 - 0.6 11.6 33.-
0.3 - 0.4 6.2 39.2
0.2 - 0.3 16.2 55.4
0.1 - 0.2 5.8 81.2
- 0.1 18.3 100. -
‘ Washable matters (%) 2.52
Medium diameter of grain (mm) 0.22
c) Pilot Washing
Balanca Yield (wt %)
Sand - above 0.3 mm A83.5
Out flow HYCY 50 1.2

Over fiow HYCY 50 15,0




Prooerties of Overflow HYCY

50

(kaolinitic fraction-

below 0.02 mm):

Whiteness (%)

Abrasivity (mg)

Strength of casted body (MPa)

Shrinkage after drying (%)
Shrinkage after firing (%)
Total shrinkage (%)

Colour after {iring

Grain Size Distribution:

Fraction (microns)

20 - 60

10 - 20

5 -10

2 - 5

1 -2

below 1
Chemical Analysis:

o
.e?03
TiO?

Possibilitiosof treatment of

53.4
12.-
0.88
6.8
12.5
18.8

(1410°C)

medium grey, small
smelted spots on the
edges of testing specimen

%)

Content (wt

0
2
6
10
10
72

Content (wt %)
1.81

1.10

Over flow HYCY 50-

1. Magnetic Sepatation

magnetic field | Sample |[Yield Content of
intensity (T) (wt. %) .o?()h1 Ti07 Whitenoss
(wh. %) (wt. 3 (F)
inlet .81 1.10 53,4
P HHL? 1.72 0.95 50.?
P.1 0 7.1
M 9.7
p 4510 1,74 0.98 59,5
1.9 0 1.5
M 10.4
P~ non-maanoetic product, O - noncmaagnet i by-product 5 M- mac, product




3)

a)

b)

- 27 _
Chemical Bleaching Whiteness (%)
Inlet (before bleaching) 58.0
Prcocduct (after bleaching) 63.2
Delamination: Whiteness (%)
Inlet 53.7
Product 56.0
MAUKMAT
Raw Material Characterization

Moisture (%Hzo) 5.8
Chemical analysis (%) A12O3 19.61
Na.,0 0.81

7

KZO 1.79

Kaolin is nearly white, very fine-grained with a low
level of consolidation. It is completely weathered and

it has a high content of clay minerals.

Qucrtz is a prevailing mineral in the residues on
the sieve 0.063 mm. Muscocvite in a small amount was also
proved. Feldspar, muscovite and iron hydroxides are pre-

sent as accessories.

Comparing with other Samples, kaolin MAIKMAT has
the highest content of kaolinite (about 60%). Quartz was

proved in the amount from 25 to 0%, mica from 5 to 10%

and feldspar about 5%.

Laboratory Washing

Balance of washing Yield (wt. %)
Sandy fraction -~ above 0.06° mm 1.9
Silty fraction - 0.063 -~ 0.07 mm 27.2

Kaolinitic fraction - below 0.0 mm 67.9




Properties of Laboratory Washing Products:

Chemical Analysis (%):

Sandy fraction | Silty fraction] Keolinitic
fraction
L.O.T. 1.07 4.10 11.31
SiO2 90.79 75.56 51.91
TiO2 0.41 0.79 0.83
A1203 4.86 15.38 32.69
F‘e203 0.34 0.62 1.03
MgO 0.073 0.13 0.29
Ca0 0.16 0.18 0.58
Na20 0.48 0.72 0.22
K20 1.82 2.52 1.14
Mineralogical Analysis (%):
Kaolinite 5 30 80
Quartz 80 - 85 60 10
Mica 5 - 10 5 <S5
Feldspar <5 5 5

(below 0.02 mm):

Technological Properties of Kacolinitic Fraction

Whiteness (%)

Abrasivity (mg)

Properties of Sandy Fraction

65.6
30.

(above 0.063 mm):

Screen oversize fraction
ly by very fine-grained quartz,

big amount of white mica

{asbove 0.063 mm)

formed especial-
The sample contains also a

and orqanic admixtures.




Grain Size Distribution of Sandy Fraction:

Fraction (mm) Content {(wt. %) Total {(wt. %)
+ 1.0 0.06 0.06

0.8 - 1.0 0.03 0.09

0.6 - 0.8 0.03 0.12

0.4 - 0.6 0. 0.72

0.3 - 0.4 0. 1.62

0.2 - 0.3 3. 5.52

0.1 - 0.2 22. 27.52

below 0.1 72.48 100. -
Washable matters (%) not determined {very fine-

grained sand)

Medium diameter of grain (mm) 0.09

c) Pilot Washing

Balance Yield (wt. %)
Sand - above 0.3 mm 4.2
Outflow HYCY 50 25.0
Overflow HYCY 50 70.8

Properties of Overflow HYCY 50 (kaolinitic fraction -
below 0.2 mm):

Whiteness (%) 54,8
Abrasivity (mqg) 19.-

Strength of casted body (MPa) 1.57
Shrinkage after drying (%) 5.4

Shrinkage after firing (%) 11.5 (1410°0)
Total shrinkage (%) 7.2

Colour after firing light yellow
Viscosity (s) 6.9

Forming of body (mm . min ) 0.54




Grain Size Distribution:

Fraction (microns)

20 - 60

10 - 20

5 - 100

2 -5

1 -2
below 1

Chemical Analysis:

Fe203

TiO2

Eid
~—

Content (wt.
0
3
30
30
17
20

1.0 ‘
0.79 ‘

Possibilities of Treatment of Overflow HYCY 50:

1) Magnetic Separation

Magnetic field | Sample | Yield (wt.%) Content of
intensity (T) F‘e203 TiO Whiteness
(wt? D)  wt. 33 (%)
inlet 1.00 0.79 64.8
P 91.9 0.88 0.64 69.9
1.1 0 4.7
M 3.4
P 93.2 0.87 0.62 71.2
1.9 0 2.1
M 4.7
P - non-magnetic product O - non-magnetic by-product M - magnetic product

2) Chemical Bleaching:

Inlet (before bleaching)
Product (after bleaching)

3) Delamination:

Inlet

Product

Whiteness (%)
H5.1%
72.1

Whiteness (%)




2

.5.

YOEZAYAT

il -

a) Raw Material Characterization

Moisture (% HQO) 1.8
Chemical analysis (%) A1,04 21.96
Na20 0.41
K20 2.53

Kaolin YOEZAYAT is white-grey, very fine-grained,

with a

low level of consolidation, completely weathered.

Quartz is a prevailing mineral in residue on the

sieve 0.063 mm (about 95%). Muscovite and feldspar are

also present in a small amount.

Biotite and iron oxides

and hydroxides were proved only in accessoric amounts.

Content of kaolinite is 40% in the raw material, con-

centration of quartz is from 35 to 40%, micas from 15 to

20% and feldspar about 5%.

b) Laboratory Washing

Balance of washing Yield (wt. %)
Sandy fraction - above 0.063 mm 5.5
Silty fraction - 0.063 - 0.0? mm 26.7
Kaolinitic fraction - below 0.0? mm 67.8

Properties of lLaboratory Washing Products:

Chemical Analysis (3):
Sandy fraction| Silty fraction Kaolinitic
fraction
rn.o.1. 1.8 3.78 3.02
SiO? R, 78.01 58.58
Tiov 0.7% 0.7% 1.06
ALL0, L0 11.51 75 .86
F0,0g 1.02 1 .89 2.00
Mg 0,47 1.04 0.91
(l50 0.1l ). RKS .65
N0 n.1n 0.0 0.23
O 1.Am 161 2 .60




Mineralogical Analysis (%):

Kaolinite <5 25 60
Smectite <5 10 10
[Quartz 90 6C 20
Feldspar <5 <5 10
Chlorite ? ?

Technological Properties of Kaolinitic Fraction
(below 0.02 mm) :

Whiteness (%) 60.4
. Abrasivity (mg) 72.-

Properites of Sandv Fraction (above 0.063 mm):

The fraction is formed by very fine-grained quartz.
Organic admixtures and fine-grained micas are also present.
The sand also contains a small amount of white and grey
grains with the size above 1 mm. The grains have a low

strength.

Grain Size Distribution of Sandy Fraction:

Fraction {(mm) Content (wt.%) Total (wt. %)
+ 1.0 1.2 2.2

0.8 - 1.0 0.2 2.4

0.6 - 0.8 0.4 2.8

0.4 - 0.6 2.4 5.2

0.3 - 0.1 2. 7.4

0.2 - 0.3 5.0 12.4

0.1 - 0.2 14.6 47.0

below 0.1 53,0 100. -
Washable matters were not determined - fine-arained sand
Medium size of grain (om) 0.10




c) Pilot Washing

Balance Yield (wt. %)
Sand - cbove 0.3 mm 1.5
Out flow HYCY 50 31.9
Overflow HYCY 50 66.6

Properties of Overflow HYCY 50 (kaolinitic fraction -
below 0.02 mm):

Whiteness (%) 58.8

Abrasivity (mq) 31.-

Strength of casted body (MPa) 2.74
Viscosity (s) 7.1

Shrinkage after drying {%) 10.4

Shrinkage after firing (%) 6.25 (1410°C)
Total shrinkage (%) l16.¢

Colour after firing light yellow-brown
Forming of body {(mm . min_l/z) 0.54

Grain Size Distribution:

Fraction (microns) Content (wt. %)

20 - 60 0

10 - 20 4

5 - 10 11

2 - 5 27

1 - 2 15

below 1 43
Chemi~al Analysis: Content (wt. %)

F0703 2.09

FiO? 1.1/




Possibilities of Treatment of Overflow HYCY 50:-:

1} Magnetic Separation:

Magnetic field | Sample | Yield (wt.%) Content of
intensity (T) Fe O3 TiO Whiteness
we.03) (wt. 9) | (%)
inlet 1C0.- 2.09 1.17 58.8
|3 88.7 1.63 0.93 64.5
1.1 0 4.5
M 6.8
P 84.8 1.60 0.93 63.8
1.9 0 4.2
® M 11.0

P - non-magnetic product O - non-magnetic by-product M - magn. product

2) Chemical Bleaching: Whiteness (%)
Inlet (before bleaching) 59.8
Product {after bleaching) 62.8

3) Delamination: Whiteness (%)
Inlet 59.8
Product 62.6

2.6. MABIZAN

a) Raw Material Characterization

Moisture (% H?O) Q.4
Chemical Analysis (%) .-\1?().3 10.04
N070 0.085
3
K70 0.38

White-qrey, fine-qrained as far as medinum grained kao-
lin with a low level of consolidation and admixtures of
colouring oxides. High content of finc-grained quartz and

3 low content of clay minetals are the typical properties




of the raw material.

Quartz forms about 95% of the residue on the sieve
0.063 mm. 5% of residue is formed by feldspar. Iron oxides
and hydroxides are present as accesscries. Colour of quartz
is light grey. grains are usually slightly turbid and semi-
bright.

The total content of quartz in the sample is 60 - 65%,
Kacoiinite forms only from 25 to 30%. Micas and feldspar

were proved in the concentration about 5%.

‘ b) Laboratory Washing

Balance of washing Yield {(wt. %)

Sandy fraction - above 0.063 mm 71.6
Silty fraction - 0.063 - 0.02 mm 6.7
Kaolinitic fraction - below 0.02 mm 19.7

Properties of Laboratory Washing Products:

Chemical Analysis (%):

Sandy fraction | Silty frartion | Keolinitic
fraction
L.O.T. 0.41 .85 11.58
SiO2 98.41 70.31 %3.94
Ti02 0.4 0.82 0.54
N p o ™) ’)'
A1203 c.8? l1¢.49 10,213
F'e?()3 0.11 1.23 1.83
Mg0 0.017 0.72 0.33
Ca0 0.010 0.077 0.083
K70 0.063 0.901 0.9?
Mineralogical Analvsis (%)
Kanlinito < 10 90 - 95
Smectite
Faldspat ) <h
OUnl t v > 00 (£19) PN




c)

Technological Properties of Kagolinitic Fraction

{below 0.02 mm):

Whiteness (%) 71.8
Abrasivity (mg) 37.-

Properties of Sandy Fraction (above 0.063 mm):

Sand is white-qrey, medium fine-greined. Bigger grains
are white as far as grey-white, seldom pink or ochre without
organic admixtures. White fine-grained mica is present in
accessoric amount. Comparing with other samples of kaolins,
sandy fraction of kaolin Mabizan is the best quality one.

It can be used in glass production.

GCrain Size Distribution of Sandy Fraction:

Fraction (mm) Content (wt. %) Total (wt. %)
+ 1.0 1.0 1.0
0.8 - 1.0 0.6 1.6
0.6 - 0.8 2.2 3.8
0.4 - 0.6 28.2 32.0
0.3 - 0.4 28.2 60.2
0.2 - 0.3 29.4 89.6
0.1 - 0.2 7.2 96.8
below 2.1 3.2 100.0
Washable matters (%) 0.22
Medium diameter of grain (mm) 0.135
Pilot Washing
Balance Yield (wt. %)
Sand - above 0.3 mm 1.6
Out flow HYCY 50 11.8

Over flow HYCY 50 16.6




Properties of Overflow (kaolinitic

fraction

- helow 0.02 mm):

Whiteness (%)

Abrasivity (mg)

Strength of casted body (MPa)

Shrinkage after drying (%)

Shrinkage after firing (%)

Total shrinkage (%)

Colour after firing

Grain Size Distribution:

Fraction (microns)

20 - 60
10 - 20
5 - 10
2 - 5
1 - 2
below 1

70.9
19.-
0.49
8.0
14.4
21.6

light yellow,
smelted spots on a
side of testing specimen

(1410°C)

grey-brown
lower

Content (wt. %)

0
3
12
48
30
7

Possibilities of Treatment of Overflow HYCY 50:

1) Magnetic Separation:

magnetic field | Sample Yield (wt Content of
intensity (T) Fe O3 TiO2 Whiteness
(wz.'%) (wt. %)y (%)
inlet 100.-~ 1.39 0.66 70.9
p 94.5 1.88 0.56 73.2
1.1 0 2.2
M 4.1
p 8.4 1.8/ (.58 12.8
1.9 0 H.3
M 5.3
P - non-magnetic product O - non-magnetic by-preoxduct M- magnet e

procluct




- 138 -

2) Chemical Bleaching: Whiteness 73!
Inlet (before bleaching) 7¢.1
Product (after bleaching) 77.2

3) Delamination: Whiteness (%)
Inlet 70.1
Product 72.7

2.7. KYAUKTAGA

a) Raw Material Characterization

Chemical Analysis (%) A1203 23.75
Na70 0.104
K2O 0.5¢

Mineralogical Characterization

Valcanic rock of white-grey colour and low level
of keolinitisation. The raw material is fine as far as
medium-grained, consolidated and irreqularly friable.
White, clayey pseudomorphoses after medium size feldspar
grains are visible on some parts of the rock. Bigger
grains of cristoballite are present guite rarely.

Fine plates of light mica are present in accessoric amount.

Residues on the sieve 0.053 mm are formed especially
by the grains of original unwashed vock. Feldspar, cris-
tobalite, muscovite, irton oxides and hydroxides are pre-

sent only in small amounts.

Feldapar i5 a mredominant minera! in a silty frac-
tion, muscovite, iron oxides and hydroxides are present
in small! amounts.

Kaolinite is predominant minera! in the sample
(about H60%), ecristobalite forma from 20 to 25%, Feldaopars,
micas and Cite o are present in oo total concentration

from 15 to 200,




b) Laboratorv Tests

The raw material was crushed in a jaw crusher and

ground 1in a porcelaeln jar mill for 24 hours.

Grinding conditions:

weight ratio - grinding porcelain elements : water
raw material =1 : 1 : 1
Balance of washing Yield (wt. %)
. Sandy fraction - above 0.063 mm 38.2
Silty fraction - 0.063 - 0.02 mm 16.6
Kaolinitic fraction - below 0.02 mm 45.2

Propertie, of Laboratory Washing Products:

Chemical Analysis (%):

Sandy fraction|] Silty fraction| Kaolinitic
fraction
L.O.T. 9.94 8.82 10.61
SiO2 63.17 63.76 60.64
TiO? 0.7 0.96 1.00
2 2 K 25
‘ A1203 22.11 20.84 25.21 ;
7 59 5 !
Ff-~703 171 y. 27 1.¢ '
Mg0 0.2 0.064 0.050 f
Ca0 0.067 0.088 0.38 :
Na,0 0.087 0.1 0.047
£,0 n.1/ 0,12 n.10!
Mincialogical Analysias 7o)
Kaolinitoe ' 0 I 60
Crintobalite 10 0 1, 40

Mon-oxides andd !
. . < : <
hydioxidens, micas {




c)

- 10 -

Technological Properties of Kaolinitic Fraction
{below 0.02 mm):

Whiteness (%) 65.0
Abrasivity (mg) 28
Pilnt Test

The raw material was upgraded by crushing in jaw
crusher and ground in a ball mill. Grinding conditions were
determined experimentally according to the residues on

the sieve 0.063 mm.

Sample for pilot washing was ground in the ball mill

at following conditions:

Weight ratio raw material : water : grinding eiements
=1 :1.5 :1
grinding time - 4 hours

Pilot Washing

Balance Yield {wt. %)
Sand - above 0.3 mm 2.0
Outflow HYCY 50 45.3
Overflow HYCY 50 45.7

Properties of Overflow HYCY 50 (keolinitic fraction -

below 0.02 mm):

Whiteness (%) 71.3
Abrasivity (mg) 19.-

Strength of casted body (MPa) 0.434
Shrinkage after drying (%) 7.0

Shrinkage after firing (%) 18.7  (1410°0)
Total shrinkage 2404

Colout after fiiing light yellow, uppet

rdges of testing speci-
men atre arey




Grain Size Distribution:

raction (microns) Content (wt. %)
20 - 60 0
10 - 20 7
5 - 10 16
2 - 5 18
1 -2 10
below 1 49
Chemical Analysis: Content (wt.%)
Fe203 0.94
TiO2 0.84

Possibilities of Treatment of Overflow HYCY 50:

1) Magnetic Separation:

Magnetic field | Sample | Yield (wt.%) Content of]
intensity (T) Fe O3 TiO Whiteness
(wf.2) (wt. 2 (%)
inlet 100 .- 0.94 0.84 71.3
E 93.7 0.52 0.77 76.5
1.1 0 2.8
M 3.5
P 92.6 0.50 | 0.62 76.8
1.9 0 2.7
M 4.7

P - non-magnetic product O - non-maqgnetic by-product M - magnetic
product

?) Chemical Bleaching: Whiteness (%)

Inlet (before bleaching) 74

Product (aftor blearhing) 19,2




3) Delamination:

Inlet
Product

Whiteness

71.0
66 .2

(%)




FINAL NOTE

The kaolins from Burma were tested from the point of
view of their suitability fcor paper meaking. Testing of
suitable upgrading methods for an increasing of whiteness

was the principal objective of the tests conducted.

The testscarried out issued in the conclusicn that the
kaolins Shwe Daung, Wellan, Kadatdauk, Maukmai and Yoe-
zayat are not suitaeble for paper making without upgrading.
The usable clay fractions have low whiteness and therefo-
re the possibilities of improvingsthe whiteness were veri-
fied by a high-gradient magnetic saparation, chemical
bleaching anc¢ delamination. Significant improving of pro-
perties was reached especially by chemical bleaching and

magnetic separation.

Washed kaolins Mabizen and Xyauktaga have o suffi-
cient whiteness (about 71%) and *hey can be used as paper

fillers without upgrading.

Al' the kanlins tested caen be used in V:IIous bran-
ches of ceramic industry. By-nroduces of washing can be
utilized in foundries ‘sind! and in ceramic indust:y
(silty fraction}.
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raining programme of the miss
insta..ation and production tests of the pilot modi
cyclone clay cieaning unit. Srtaif o £ 2
was aCguainted with the principles, design, instasiiarion and
operation of the unit. Besic principies of maintenance and

repairs were aiso expiainaed. The experts Gave attention to

che training and technical discussions with tne technicians

anRC Ladoratory staif of the factory. Main metnods of kaolin

et

on and testing were exp.ained, discus-
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sec anc demonstrated du
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12 tecanicians participated in tne training programme ané ati
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List of crecnnicians of Paint Factory No. 1 participating in

the Training Programme: .
Yr Ui €hin Nyo - Factory Manager
Yr. U Win Aung - Deputy Assistant Director

) Yr. U Tin Co - Assistant Factory Manager
Ms. Daw Khin Swe Win - Head of Production Department
Ms. Daw Maw “aw Aye - dead of Quaiity Contro. Dept.
¥r. U Sein Han - tlead of Department
Mr. G Min That Pe - Head of Financial Department
¥s. Daw Cho Cho - Production Engineer

' Ms. Daw Khin Khin Aye - Chemical Engineer - Quality
Control

Mr. U Mg Mg Lay - Assistant Manager (Plarning)
Mr. U Bala Sein - Maintenance Zngineer
Mr. U Sit hHlaing - Maintenance Engineer






