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SUMMARY

BLEACHING KAOLIN BY USING OXALIC ACID
WITH THE SUPPORT OF ULTRASOUND

The bleaching process of kaolin mined in Lam Dong province, Vietham, was carried out by the reaction
between kaolin mineral and oxalic acid to remove iron in the raw material with the help of temperature and
ultrasound. CIE L*a*b* colorimetric method was used to evaluate the whiteness of kaolin samples before
and after treatment. XRF, XRD, FTIR, and SEM analyses were performed to assess the phase composition
and structural morphology. The results showed that this process could remove 96.5% of the Fe,O; content in
the original kaolin sample and improved the whiteness of the kaolin sample from 63.5% to 96.3% on a scale
of 100% being the whitest, bringing the application value of kaolin to manufacture high-end ceramic
products. Bleaching kaolin only removed the unwanted component, the iron-containing mineral phase,
without affecting the main mineral phases presented in the original kaolin raw material sample.
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1. MO DAU

Cao lanh c6 cong thac hdéa hoc la
Aly(Si;0s5)(OH)s, dugc biét dén voi tén
khoa hoc 1a kaolinite. Cao lanh la mot
nguyén liéu duoc sir dung chu yéu trong
san xuat gidy, san xuat gém st, 1am chat
phu gia trong son va cac Ung dung khéc
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nhu lam chat tang do ran cho cao su, 1am
nguyén lidu tong hop chét xuc tac zeolite,
hodc 1am chét don trong san Xuét phan bon
[1]. Trong san xuat gidy, khoang cao lanh
duoc sir dung nhu mot loai phu gia dé tang
cuong do bong, do sang, do min, cling nhu
tang kha nang tiép nhan vét myc trén gidy
[2-3]. Cao lanh 1a nguyén liéu khong thé
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thiéu duoc dung dé ché tao do gbm. Trong
d6, cao lanh c¢6 ham lugng oxide sit thép
dugc s dung de lam nguyén liéu ché tao
gbm st c6 do tring cao [4]. Cao lanh khai
thac trong tu nhién thuong t6n tai cac
oxide st dang F eXOy lam cho mau sic cua
cao lanh c6 cic mau nhu hong, cam, va
mau do cua ri sét dac trung. Ngoal ra,
oxide sat cling anh huong tiéu cuc dén cac
tinh chat nhiét va quang hoc cua cao lanh.
Nhu vy, sy ton tai ctia oxide sit trong cao
lanh lam giam chat luong va gia tri ung
dung ctia nguyén liéu. Dé cai thién nhiing
han ché cua oxide sat trong vat liéu cao
lanh, cic phuong phap tdy tring di va
dang dugc 4p dung nhu phuong phap vat
li, sinh hoc va hoéa hoc. Viéc su dung
phuong phap vt 1i va sinh hoc trong viéc
tay trang cao lanh van con nhiéu han ché.
Phuong phép vat i kha hiéu qua dé loai bo
tap chat sat tho t6n tai tu do nhung kho
loai bo tap chat sat dang vi hat vi chung
gan két chat ché trong cdu tric cia nguyén
liéu khoang. Phuong phap sinh hoc thi qua
trinh tay trang can mot thoi gian dai, mat
bang thuc hién 16n va kha ning nudi ciy
vi sinh vt kho khan va doi hoi ki thuét
cao. Do vay, phuong phap hoa hoc dé tay
trang cao lanh dugc su dung nhiéu do hiéu
qua loai bo oxide sdt cao, diéu kién thuc
hién don gidn va c6 thé trién khai trong
san xudt thuc té. Nam 2006, J.A. Gonzélez
va cong su da tién hanh tay trang cao lanh
va dét sét bang phwong phap chlor hoa [5].
Phuong phép nay bao gém viéc nung cic
vién cao lanh trong dong khi chlor ¢ nhiét
do tr 700 dén 950°C, dé loai bo sit va
titan bang cach lam bay hoi cac hop chét
chlorrua twong ung. Qui trinh tay tréng
nay cho phép dat duogc sy cai thién 1on vé
MAU sic clia san pham cudi cling khi nung,
dat duoc vat li¢u gom co do trang cao.
Nam 2015, A.A. Baba va cac cong sy da
tién hanh cai thién do tréng clia quang cao
lanh Egbeda (Nigeria) bang phuwong phéap
loc v6i oxalic acid [6]. Anh hudng cua
noéng d6 acid, nhiét do phan tng va kich
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thudc hat dén mirc d6 hoa tan quing da
dugc khao sat. Thuc nghiém cho théy do
trang ciia quing ting 1én khi ting nong do
acid, tang nhi¢t d§ phan ung va giam kich
thudc hat. Diéu kién loc tdi wu duge xac
dinh 1a cho mau cao lanh phin Ung véi
H,C,0,4 0,5M ¢ nhiét do 85°C trong 120
phiit voi toec do khudy 100 rpm. Tong
luong sat da bi loai bo 1a 79,9%, qua do da
cai thién rd do trang cia quang cao lanh
phuc vu cho muc dich cong nghi€p. Nam
2016, W. Cao va céc cong su da su dung
thiourea dioxide (NH),CS lam chat khir
dé tay tréng cao lanh [7]. Két qua cho thay
hi¢u qua tay trang cua khoang cao lanh dat
cao nhét khi lidu lugng thiourea dioxide
hoat héa chiém 0,5% khdi lwong so véi
khéi luong ctia mau cao lanh ban dau, chi
s6 do tring nung cua cao lanh ting tir
82,6% lén 88,7%. Nam 2017, M. Lu va
cac cong sy bao cdo mot loat cac thi
nghiém dugc tién hanh dé danh gia kha
ning tdy trang cao lanh st dung thiourea
dioxide két hop vé6i tac dung nghién co
hoc [8]. Piéu kién téi uu dé dat do tring
tdi da 76,32% duoc xac dinh nhu sau: tbe
d6 quay cua may nghién bi 400 vong/phut;
thoi gian kich hoat 1a 1,5 gio; lidu luong
thiourea dioxide 1a 0,8% khdi lwong cua
mau cao lanh; pH 1a 8,0; ¢ nhiét do phong.
Sy hd tro cua qua trinh nghién dan dén
kha ning loai bo sit cao hon khi so sanh
v6i phuong phap tay tring thong thuong
chi sir dung thiourea dioxide. Nam 2023,
B. Taheri bao cdo quy trinh loc két hop
v6i ki thuat vat 1i xr li nguyén liéu tho dé
loai bo tap chit sat khoi cao lanh bang
oxalic acid [9]. Nguyén liéu thé cao lanh
ban dau duoc khudy tron trude véi nude
dé 1am dong déu mau, sau d6 rua mau & ap
sut cao trén sang 600 pm, cudi cung 1a xtr
li mau véi oxalic acid. Két qua cho thay
phuong phap nay c6 the giam ham luong
st trong cao lanh xudng dudi 1% dé thu
dugc nguyén liéu cao lanh chat luong cao.
Trong nghién ctru nay, chung t61 di xay
dung mot qui trinh riéng dé tay tring vat



liéu cao lanh duoc khai thac ¢ Viét Nam.
Téac nhan téy tréng duoc lua chon la oxalic
acid vi day la acid hitu co kha manh, than
thién véi moi truong va c6 kha nang tao
phtc véi cac ion Fe. Ki thuat si€u am
dugc sir dung trong qui trinh xtr 1i nham
tang cuong hiéu qua cla viéc tay trang.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chit

Cao lanh duogc khai thac tr moé & thanh
phé Bao Loc, tinh Lam Pong. Nguyén liéu
khoang cao lanh dugc gan ma s6 FK50
ciia cong ty TNHH khai thiac — ché bién
khoang san KL. Oxalic acid (OA) la san
pham cuia cong ty Nong nghiép hiru co
Hoang Tu, c6 do tinh khiét 98%.

2.2. Qui trinh tiy tring cao lanh

Mot chudi cac thi nghiém tay tring cao
lanh dugc thuc hién bé“mg cach su dung 30
g vt liu cao lanh cho vao céac binh phan
tmg, sau d6 thém cac khdi luong khac
nhau cua oxalic acid va thém nudc cho du
300 g. Hon hop phan ung trong cac binh
erlen dugc khudy tir véi tbec do 100
vong/phat trong 60 phut. Két thuc thoi
gian khudy, hon hop duoc siéu am trong
30 phut, sau d6 cho vao ti siy & 200 °C
trong 50 phut. Hon hop thu duoc sau d6
dugc loc dé tach riéng phan dung dich va
ph?m vat liéu cao lanh, sau d6 dem phén
vat liéu sdy kho dé danh gia cac tinh chat
li hoa. Cac mau dugc ky hiéu MO, M1,
M2, M3, M4, M5 voéi lugng oxalic acid st
dung lan luot 12 0, 1, 3, 5, 7, va 10 gam.

2.3. Phuwong phap danh gia vat liéu

Vat liéu cao lanh trudc va sau khi xir 1i véi
oxalic acid dugc danh gia bang mot sd
phuong phap phan tich 1i héa. Do tring
ctia mau cao lanh duoc quan sat va danh
gia bang phuong phap so mau CIE
L*a*b*. Pho huynh quang tia X (X-ray
Fluorescence — XRF) dugc st dung dé
phan tich dinh lugng thanh phan nguyén t6
trong mau vat liéu cao lanh trudc va sau

65

khi xu li voi oxalic acid. Phuong phép
nhicu xa tia X (X - ray diffraction — XRD)
dung d€ phan tich thanh phén cac pha
khoang ton tai trong mau nguyén liéu.
Hinh thai bé mat mau cao lanh duoc quan
sat bang kinh hién vi dién to quét
(Scanning electron microscope — SEM)

3. KET QUA VA THAO LUAN

3.1. Phéan tich mau CIE L*a*b*

Céc thong sb mau trong hé CIE L*a*b*
dugc trinh bay trong Bang 1. P6i véi mau
MO, gi tri ctia cac thong sb mau do (a* =
15,3) va thong sé mau vang (b* = 20,5) 1a
cao nhat; gia tri thong sd do sang (L* =
63,5) thap nhat, két qua nay phu hop véi
mau d6 nhat cia mau MO nhu mét thuong
quan sat. Sau khi xir i v6i OA, cic mau
cao lanh tir M1 dén M5 c6 gia tri L* ting
lén dang ké so véi mau 0, cac gia tri a* va
b* giam déan theo timg mau. Nhu vay, vol
cung mot diéu kién phan tng, khi nong do
OA tang dan, gia tri a* va b* cua cac mau
giam manh tién vé gia tri 0, cho thiy dic
trung mau d6 va vang da bi loai bo dan.
Trong khi d6, gia tri L* ting dan tién toi
gia tri 100, thé hién do sang cua cac mau
xu 1 béng OA tang dan, 1am cho cao lanh
chuyen tur mau d6 nhat sang mau trang. DO
trang ciia mau M4 va M5 gan nhu tuong
duong, do vay diéu kién thuc nghiém &
mau M4 1a phu hop dé loai bo hiéu qua sat
trong khoang cao lanh. Cu thé 1a sir dung
7g oxalic acid dé phan tng véi 30g cao
lanh, sau d6 khudy tir hé phan tmg trong
60 phut, siéu 4m trong 30 phut, r0i cho
vao 10 nung & 200°C trong 50 phut.

Bang 1. Cac thong sb mau sic trong hé CIE
L*a*b* ctia cAc mau cao lanh

Tén miu L* a* b* AE
MO 63,5 153 205 -
M1 726 135 17,6 AEg;
M2 76,6 10,3 148 AEw
M3 905 24 86 AEys
M4 96,2 04 64 AEyy
M5 96,3 0,2 34 AEgs




D0 sai léch mau AE cua cac mau cao lanh
so v&1 mau 0 dugc tinh theo cong thuec:
AE = /(AL %)% + (Aa *)? + (Ab *)2

Voi: AL x= L x4— L *,; Aa = a *3—
a *,;A4b *—b* —b*r,slamaudanh
gi4, r 1a mau tham chiéu.

Két qua tinh toan cho thay cac gia tri do
sai khac mau déu 16n hon 5, diéu nay thé
hién sy khac biét mau sic rat 1on gitra cac
mau duge xir 1i bang OA so voi mau MO
(mAu cao lanh tho). Po sai khac mau giita
cic miu tr M1 dén M5 so sanh véi mau
MO ting dan; trong d6, do sai khic mau
16n nhét d6i v6i cip M5 va MO 1a 40.,0.
Két qua phén tich hé mau CIE L*a*b* phu
hop Vv6i su quan sat cam quan bang mat
thuong nhu trinh bay ¢ Hinh 1. Theo cam
quan, mau 0 c6 mau dé nhat, sau d6 mau
cao lanh bi mAt mau dan tir d6 nhat & mau
MO va trang dan dén mau M5.

Hinh 1. Anh c&c mdu cao lanh dang sdy khd
sau xu | vai oxalic acid

3.2. Phan tich XRF

Ti 1€ phén tram khoi luong cac oxide cua
cic miu cao lanh trudc va sau khi tay
trang phan tich bang phuong phap XRF
duogc li¢t ké & Bang 2.

Bang 2. Phan tich XRF cua cac mau cao lanh
khac nhau

Oxide Mau

() MO M1 M2 M3 M4 M5

Si0, 726 759 76,7 77,0 77,7 71,7
AlLO; 179 17,8 18,1 18,6 18,2 18,2
KO 201 202 203 199 2 201
TiO, 13 125 09 101 1,08 1,08
MnO 001 O 0 0 0 0

Fe,O; 43 218 14 06 02 015
CoO 002 O 0 0 0 0

NiO 001 O 0 0 0 0

Zn0 0,04 0,02 002 001 001 0,01
sro 0,17 0,02 0,02 001 0,01 0,01
Zr0, 0,38 0,08 0,07 0,06 0,07 0,07
BaO 0,19 0,06 0,06 0,05 0,05 0,05
Na,O 097 065 064 06 062 0,62

Cac mau cao lanh cung c6 mot dic diém
chung, 1a ham lugng SiO;, va Al,O3 chiém
nhiéu nhét, phu hop voi dic trung vé thanh
phan chinh ciia khoang cao lanh nhu duoc
bao cao trong cac nghién ctru trudce day [5-
6]. Mau cao lanh ban diu (miu MO) co6
ham lugng Fe;0s 1a 4,3%, ty 1¢ nay lon
hon nhiéu so v6i ciac mau cao lanh trong
cac nghién ctru trude day [6-7]; diém dic
bi¢t cua cao lanh trong nghién ciru nay 1a
do chung c6 ngudn goc tr mo Bao Loc,
noi noi tiéng co nhiéu dat bazan do giau
Fe,0s. Khi xtr 1i véi OA, ham lugng Fe;O3
giam dan tir mau MO (4,3%) dén mau M5
(0,15%), thé hién hiéu qua loai bo sat cua
qui trinh xur 1i trong nghién ctu nay. So
sanh chi tiét cho théy ham luong FeyOs3
giam manh hon 50% tir mau M0 dén mau
M1, v&i hiéu suidt Fe,O3 bi hoa tan cua
mau M1 1a 49,3%. Ham luong Fe,Os tiép
tuc gidm ¢ M2 véi hi€u suét hoa tan la
67,4%, dén M3 véi hiéu suat 86,1% va M4
véi 95,3% ham lugng Fe,O3 bi hoa tan.
Hiéu suat Fe,O3 bi hoa tan & M5 1a 96,5%,



16m hon chi 1,2% so véi M4, ching té kha
nang hoa tan ciia M4 so véi M5 1a khong
thay d6i nhiéu, ham luong Fe,O3 hoa tan
coi nhu dat gia tri bdo hoa & M4. Nhu vay,
kha ning tiy trang cao lanh trong diéu
kién thyc nghiém nay dat hi€u qua cao so
véi nghién ciru trude day [6]. Ngoai ra,
ham luong céc oxide chinh trong miu cao
lanh nhu Si10,, A|203, K>O va T|02 kh()ng
¢ su khac biét nhiéu, thé hién dung dich
OA khéng c6 sy twong tac hoa hoc d6i voi
céc oxide trén, ma chi chon loc dé loai bo
ham lugng Fe,O3 trong mau cao lanh. Nhu
vy, qua trinh tdy trang loai bo sit bang
OA khong co6 su that thoat cac oxide dic
trung cua vat li€u cao lanh.

Hinh 2 trinh bay pho XRF xéac dinh cic
nguyén té kim loai ¢6 trong mau cao lanh
MO, M3, va M5. Két qua cho thiy su giam
manh céc peak dac trung cho Fe & cac
mau cao lanh duoc xtr 1i véi oxalic acid
(mau M3, MS5) so v6i mau cao lanh ban
dau (mau MO), khang dinh hiéu qua cia
viéc loai bo sit trong khoang cao lanh
trong nghién ctru nay.
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Hinh 2. Phé XRF cua cac mau cao lanh MO,
M3, M5

3.3. Phan tich XRD

Hinh 3 thé hién két qua phén tich thanh
phan pha tinh thé cua cac miu cao lanh
truée va sau khi xir 1i v6i OA. Mau cao
lanh ban dau (mAu MO) thé hién sy cac
peak nhiéu xa dic trung ctia pha kaolinite
6 12,8; 18,3; 39,7; 25,4; 42,9; 46,1, 48,6;
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55,3; 64,4°; 68,4; 73,9; va 76,1° (26), diéu
nay dugc xac dinh dya vao cac gian dd
XRD trong cac nghién ctru trude day [7].
Ngoai ra, sy xut hién cta cac khoang chét
khac nhu halloysite (Al;Si2Os(OH)y) , B —
quartz (SiOy) va illite
(Kalz(SizAl)O10(OH)z) duge xem la céc
khoang chit phy trong miu cao lanh [8].
Dic biét, khi so sanh gian 46 XRD cua
miu MO véi gian ¢ XRD chuan cia
Fe,O; (JCPDS 089-2810), cac peak dac
trung cia pha hematite (Fe,O3) xuat hién
v6i cuong d6 thap & 35.4; 40,7; 62,7 va
64,5° (20) [8-9]. Sau khi xir i cao lanh voi
OA, peak cua pha hematite ¢ 40,7; 62,7 va
64,5° (20) c6 xu huong suy giam, hi¢n
tuong nay la do hematite bi hoa tan bdi
OA. Céc peak ciia cao lanh trong tit ca cac
mau khong thdy sy khac biét dang ke,
khang dinh qué trinh xir li sit bang OA chi
loai bo tap chat Fe,03 va khong anh hudng
dén céu trac pha cta cao lanh.

E B-Quartz
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Halloysite w Hematite, aFe,0, JCPDS 089-2810

Cuong do (a.u)

Géc 20

Hinh 3. Biéu d@é XRD cua cac mau cao lanh
trudc va sau xur li véi OA

3.4. Quan sat bang anh SEM

Hinh 4nh SEM quan sat cac mau cao lanh
dugc thé hién ¢ Hinh 4. B&é mat cia cao
lanh ban dau (mAu MO) thé hién sy khong
déng déu bao gém cac cum hat, thanh véi
kich thudc khac nhau. Cac mau cao lanh
xtr li voi OA (miu M3, M5) thé hién su
x40 tron bé mit so véi mau MO ban dau;
bé mit cua ching bao gén cac cum hat voi



céc canh tron va nho hon so véi mau MO.
Két qua quan sat nay thé giai thich vi su
xtr li cao lanh bang OA két hop vdi siéu
am da pha v& cac cum hat dét sét 16m va
mo rong khoang céach gitra chung.

Hinh 4. Anh SEM bé mdt cac méau cao lanh
4. KET LUAN

Nghién clru nay da ching minh kha nang
loai bo sat dé tdy trang cao lanh khai thac
& Lam Pong, Viét Nam bang oxalic acid
két hop véi nhiét d6 va siéu am. Phuong
phap danh gia so mau CIE L*a*b* cho
thdy kha ning cai thién do trang ctia mau
cao lanh theo ndéng do cua oxalic acid
trong cung diéu kién phan tng. DO tring
clia mau cao lanh sau xt 1i ¢ thé dat t6i
96,3% véi hiéu qua loai bd Fe,O; dat
96,5%. Cac phuong phép phan tich hoa ly
nhu XRF, XRD, va SEM khing dinh
thanh cong viéc loai bo sat ton tai trong
pha khoang hematite, dong thoi viéc loai
b6 sat khong anh huong t6i cac thanh phan
khoang chinh cua cao lanh.
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