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Abstract: Problem statement: The Barat-Algaof kaolin deposits are characteriaed evaluated for
its potentials as an industrial raw materi@pproach: This research studied the total mineralogical
composition of the kaolin deposit, chemical andgitel properties as well as intercalation of katdin
by urea. Using X-Ray Diffraction (XRD), ScanningeEtron Microscopy (SEM), Laser particle size,
Centrifuge, data from UK (England) kaolin standamdd Hinckley crystallinity index were also
compared. Three samples of kaolin were treatedrbg intercalationResults. Results showed high
content of kaolinite after the removal of non-kaothinerals; the major elements percentages are
almost similar to that of U.K kaolin and the lowlwa of whiteness refers to the presence of iron
containing minerals in the samples. Moreover, al wefstallinity index of kaolin was obtained.
Intercalation of urea into kaolinite expands thesdbaspace and the reduction of particle size of
kaolinite after intercalation is evident in the Baing Electron Microscopyonclusion: we concluded
that kaolinite of the study area can be used aswaterials for industrial purposes.
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INTRODUCTION (either under wet or dry conditions), intercalatioh
salts and small molecules in the interlayer spaw a
Kaolin consists of one tetrahedral silica sheet anacid treatments®!"%! Intercalation of kaolinte by
one octahedral alumina sheet is an important im@list molecules as, hydrazine, urea or potassium a&etate
raw material having widespread applications incause the weakening of interlayer hydrogen bonds an
industries such as manufacture of papers, paintsherefore kaolinite layer are easily displaced with
rubbers, ceramic, cosmetics, plastic andrespect to one another.
medicine§***! The thickness of kaolin particles is However, Wad%” showed that salts such as urea
significant whenever kaolin is being used as aingat and hydrazine can penetrate into the interlayecesjph
filler in paper, ceramic, rubb®t¥ in the industry, the kaolinite and expand the basal spacing from 7.2-#4.
kaolinite particles should be separated to thinebdss. The SEM study shows that kaolinite can occur as
Industrials applications of kaolin is dependent onwell formed, large crystals of clear hexagonal iostl
many factors including mineralogical composition of often in stacks. It can also occur as much smaller
the kaolin deposits, geological of kaolin formeslygell  crystals of less clearly defined outline. The SEMdy
as the chemical and physical properties and in sttimo of kaolinite and its related minerals has beenstiigect
every instance the kaolin has different properties  of numerous publications BY*. Under an electron
thus must be fully tested and evaluated to deteznittn  microscope, observed that after grinding of katdini
utilization. In all applications, kaolinite has anttion  with ammonium acetate, thin particles tend to ®idh
and is not just an inert component of the system. major morphological changes increasing the plagtici
Properties of kaolinite, particularly importantrfo of the material. As no any systematic studies were
industrial applications are particle-size distribot  carried out in the area under consideration comegrn
structural order-disorder or crystallinity, surfaeeea exploitation of kaolin deposits; the present study
and whitenes%® Some of these physical properties canmainly focused on characterization and evaluatibn o
be changed with several treatments such as grindinkgolinite of the study area for industrial usess tis
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maintained through studying the physical and chamic « Laser particle size JL-1155 for particle size
properties of the kaolinite and treated both plajsic distribution
and chemically to meet the specifications for th&ls « Device, WSD, | | | for determine whiteness
industrial uses.
Intercalation of kaolinite with urea: The expansion of
MATERIALSAND METHODS interlayer of samples was accomplished by mixing
(1.0 g) of kaolinite with (0.3 g) of urea were gted by
Description of the study area: Bart area in the Algaof using a mortar for 3 h and then heated at 120°Q for

province, of north Yemen, which extends betweenThe product is referred to as the kaolinite-urea
longitude 44°14" and 44°27 E and latitudes 16°3% an intercalate.

61°50'N (Fig. 1).

The study area is entirely underlain by crystallin RESULTS
Protrusion rocks of the Basement Complex, which
comprises of high-grade gneissose rocks intruded bx-ray powder diffraction: The interpretation of the
grainitiods and covered locally by tertiary andenélc  XRD patterns of three samples (Fig. 2), led to the
sediments. The rock units in the area constitiger@es identification of the following mineral: kaolinitand
exposed from the older to the younger fallowingthe Accessory minerals such as quartz found in the
Migmatites, Amphibolites, Schists, Diorites and three samples, lllite found only in,Hchlorite, found in
granites covered by quaternary superficial Aeodad  sample B and calcite, which was found in samplg J
wadi deposits (Fig. 1). (Fig. 2) and (Table 1) and shows intercalation kau

into kaolinite expands the basal space from 7.3-%0.
Raw material: Three samples 8H; and 4 of kaolinite  (Fig. 3).

from (Barat) Al-Jawf of Yemen are used in this stud
The samples have been compared with the structura

. ’ i K K =Kaolinite
order degree of Hinckl&y, ideal kaolin and the UK. ) Ca = Calacite
kaolin standards. The samples were purified and E L;E‘gilm_he
characterized according to their chemical constifsie )
mlr_weralogy, particle size distribution, crystaltiniand G
whiteness. g | Ca s
Instruments: The under listed are the major instrument L N e =
used in this study: e | B
e X-ray Diffraction X’'Pert, MPD pro, for mineralogy 0 10 20 30 20 30 50 70

and crystallinity 20(degree)
e Scanning Electron Microscopy (SEM) Quanta 200 ) )
for morphology Fig. 2: X-ray diffraction of natural samples, B}, and 4
«  Centrifuge<1000, r min* for remove non-kaolin
‘ = \ 10.5
. il wlie Yeme e
| € ; =4 iy -
L] i Aeclisn deposits: undifferertisted ‘ ) SR BT o .
T Ik ) ) e ;.atisy;x:ef:tomc!‘opost—tedordcgranitg
3 o e ‘ \ I . sﬁ;iﬁmﬁiﬂf B
) W,/ o e A T
g Migmatite I I L L L L
Ly W — 0 10 20 30 40 50 60 70
] " TR Motorable track 26(degree)
- 2

Kilometers

Fig. 3: X-ray diffraction of the samplesg,BH;and J of
Fig. 1: Locational and geological map of study area kaolinite-urea intercalates
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Table 1: Semiquantitative mineralogical composifiwh%]
Sample number

Mineral B; Hi N
Kaolinite 95 95 90
Quartz 2 2 <2
lllite - <5 -
Chlorite <5 - -
Calcite - - 8

Table 2: Particle size distributions of the anatlykaolin samples
Particle size analysis %

Samples <am <5um >5um
Bs 50.97 80.85 100.00
Hy 83.00 98.81 100.00
N 84.71 99.05 100.00
K =Kaolnite
K Q=Auartz
I=T1llite
K
z
é ‘
B 1 iQ Hj anter
,Q
} “ 1 ? ‘ L ) Hi vetore . . . .
b e e e A o e Fig. 5: Scanning electron micrographs showing the
0 10 =0 Sy 0 80 70 morphology of kaolinite: Samples;&, H;-K

and J-K of natural kaolinite, BK-U, H;-K-U

Fig. 4: X-ray diffraction of Hsample, before and after and 4-K-U of kaolinite-urea intercalate

used centrifuge Table 3: Chemical composition of the analyzed saspl
) o ) ) . Oxide/sample B Hi N UK Kaolin Ideal kaolin
The semi quantitative mineralogical compositionsio, 44.870 45510 39430 46.770 46.55
was determined based on relative peak intensitiesl.Os 37.270 36.990 33.790 37.790 39.49
(almost of low order Table 1). Fe0s 1.310  1.120  0.800 00.360  nd
The Hinckl tallinity ind btained by M9 0.100 0.120 0.160 00.240 nd
e Hinckley crystallinity index was obtained Dy ca0 0310 0100 5850 00.130  nd
measuring the heights of the 110 and 111 kaoliniteva,0 0.031 0.034 0.055 00.050 nd
peaks in the region between 19 and 250).(Zhe 'IF'Z(()) g-ggg 2-;38 g-égg 83-338 ”g
f A 10, . . . . n
obtalped values show that:«;,BHl: N type !(aollnlte P.O. 0160 0140 0130 nd nd
contains  the high crystallized kaolinite crysta mno 0.005 0.005 0.005 nd nd
(Table 3) Purification of samples kaolin was mage b H:0 0.200 0220 0320 nd nd
; ; L0l 14100 13.920 18.480 nd nd
centrifuge to remove non-kaolin where XRD show high

content of kalinite. For example, sample:had 65% Particle size analysis: The particles size distributions of
kaolinite, 15% quartz and 20% illite before punifgiby 55764 kaolini}[/e samplgs are presented in (Taple
using the Centrifuge and after using the Centrifugerpe samplejlis characterized by relatively large size of
purification;  the  percentages becomes  95%pe particles-the fraction <2 and <&m represents
kaolinite,<5% illite and 2% quartz (Fig. 4). 84.71, 99.05% and less size of the fraction <2 <fid
um represents 50.97, 80.85% ip $ample.
Scanning electron microscopy: Scanning electron
micrographs showing the morphology of kaolinite rawChemical composition: The Chemical composition of
material in stack and as observed book of kaolimte kaolin is important because of its influence onlidie
the sample B (Fig. 5). And morphology of kaolinite- properties. Table 3 shows the chemical composition
urea intercalate shows texture of kaolinite digiriée  kaolin, SiQ of samples B H; and J is 44.87, 45.51and
spontaneously to small stacks or flakes (Fig. 5). 39.43 and AIO; is 37.27, 36.99 and 33.79 respectively.
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Table 4: Whiteness anq Hinckley crystgllinity indﬁ)sar.ﬁples and chemical processes like sieving, magnetic
Sample/property _Whiteness (%) _Hinckley crystalfinitdex (HI)  separatioi”, leaching with various chemicals like oxalic
33 ?2-32 i-;g and other organic acits organic acids in presence of a
% 62.89 160 fermented mediuf, lixiviant containing microbially

produced oxalic and hydrochloric a@d sodium

Whiteness: The whiteness of the samples are shown irflithionate-HSQO, mixtures dissolves some iron-bearing
Table 4, observed low whiteness of three samples biPhases to lower the iron content o f the kaolin. .
The sample is characterized by high whiteness Several treatments can be done to enhance physical

represents 71.77% and low whiteness represengroperties, while whiteness of that kaolinite cam b

59.90%, in Bsample achieved by removing or reduction of iron. Kaolif o
’ ' ' the study area can be used as raw materials for
DISCUSSION industrial purposes.

Kaolin physical and physicochemical properties are CONCLUSION

dependent on features such as particle-size disoiy Characterization and evaluation of Barat- Algaof
mineralogical composition and structural order; Ik&0  a0lin deposits was based on the kaolinite chemical
mter_cala_\tlon .These_ properties det_ermlne the pl_laﬂen composition and physical properties  including
applications as an industrial material. These pig®  mineralogical compositon and  particles  size
characterized by high content of kaolinite aftee th gjstributions, whiteness, crystallinity index asImwas
removal of non-kaolin minerals by Centrifugee: intercalation of kaolinite by urea. The percentagés
Bs=95%, H = 95% and g= 90% as shown in Table 1, kaolinite for three samples after the removal oh-no
high order structure of kaolinite (Table 4). kaolin minerals by Centrifuge arezB 95, H, = 95 and
The particles size distributions are the key fexto J; = 90% with a well-crystallized kaolinite obtained.
for the industrial uses of kaolinite, Coarse-péetidays The major elements percentages in chemical
differ from fine-particle clays in certain otherysical  composition of kaolin are almost similar to thatlhK
and optical properties as W&l The particle size kaolin sample with the exception of &g and TiG
distribution also control whiteness, gloss, ceramicwhich is higher in all samples and higher CaO prese
strength, shrinkage and the paper-filing and paperonly in sample 3 Particle sizes <am of the samples
coating properties such as the mechanical, optindl H; and 4 are moderate before Intercalation.
printing characteristics of paper sh&tsParticle sizes Intercalation of urea into kaolinite expands thesda
<2 um of the samples Hand J are moderate before space from 7.2-10.5 A and reduced the particle, size
Intercalation (Table 2). Intercalation of urea intothus becomes suitable for industrial applicatioasira
kaolinite expands the basal space from 7.2-10.5 ABEM. The result equally shows low whiteness ofehre
(Fig. 3) and the reduction of particle size of kaigt ~ Samples, low whiteness refers to the present of iro
after intercalation is evident in the scanning etec ~ containing minerals in the samples, the sample B
micrographs (Fig. 5) where intercalation into kaoé  contains 1.31%, Hcontain 1.12% andstontain 0.8%
can split larger particles into thinner lamellacheT ©f F&Os. Low impurity level and easiness of

extreme stability of Chinese eggshell porcelairnultss prgcessingf to i:cnprovke l\(vhitenezs lby remoying or
from intercalation of kaolinite particles by urea. reduction of iron from kaolinite and also some pbgs
For comparison, as shown in (Table 3), Sidd properties can be enhanced with several treatments.

Al,O; are almost similar to ideal kaolin and These treatments depend on kaolinite properties and

composition data of kaolin from UK are included. YP® of the industrial product required. Thus, van ¢
The major element distribution reflects the mimg&l. conclude that the kaolinite of the study area canded
of kaolin samples. These kaolin samples areas raw matenals for industrial purposes. -

: PIEs. pie A detail study of Kaolin properties and its
characterized by high content of .Bg and TIQ. treatment is hereby recommended to meet the umivers

However, SiQ, Al.G;, NgO, KO and CaO application of kaolin as an important industrialteral.
percentages are almost similar to U.K sample standa

and only sampleghas high content of CaO (Table 3). ACKNOWLEDGEMENT
Low whiteness of kaolin as shown in Table 4 is due
to the presence of high iron containing mineralshi The researcher is indebted to geological survely an

samples. The samplesRBontains 1.31%, Hcontain  mineral resources board and Sana’a university afere
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