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TOM TAT

Trong nhiéu thap ky qua, hdp phu da dugc chiing minh la mét qué trinh t6i uu dé xU ly ngudn
nudc 6 nhiém do tinh chét don gian va chi phi thap so vai cac gidi phap cong nghé truyén thong.
Khodng sét la nhiing nguyén liéu hdp phu tu nhién rat co trién vong dé loai bo nhiéu chat & nhiém
nhu kim loai nang, chat & nhiém hitu co va sinh hoc. Sét kaolin la khodng sét véi thanh phan cht
yéu la khoang vat kaolinite 6 cau tric I6p. G khu vuc mién Dong Nam b, sét kaolin phan bé phd
bién vdi trt lugng I6n nén cac nghién cliu nham st dung vat liéu nay dé hap phu kim loai nang 1a
rét can thiét. Do han ché vé kha nang trao déi cation va dién tich bé mat nén khoang sét nay khong
dugc st dung rong rai. Tuy nhién, sét kaolin tu nhién co thé dé dang bién tinh dé cai thién cac tinh
chat bé mat (vi dy, dién tich bé mat, dién tich) va do dé lam tang kha nang hdp phu va nhiéu Uing
dung khac. D& nang cao hiéu suat hap phu cla sét kaolin, nhiéu phuong phap bién tinh da ducc
thir nghiém vi du nhu bién tinh nhiét, hoat héa bang axit va/hodc tao vat liéu tdng hop mdi. Bai
téng quan nay da téng hap tai liéu nghién cliu trong hai muci ndm qua (2000-2020) va néu 1én
nhng phét hién chinh vé cac giai phap bién tinh da dugc thuc hién dé cai thién khd nang hap phu
clia sét kaolin. Anh hudng ctia cac diéu kién thi nghiém dén kha nang hap phu ciing dugc danh
gia. Co ché hap phu, ciu tric va dac diém hap phu clia sét kaolin tu nhién va bién tinh cing dugc
dé cap. Bén canh do, hiéu qua hap phu va kha nang dp dung roéng rai clia cong nghé cho khu vuc
Dong Nam bo cling dugc phan tich trong bai bdo. Két qua nghién ctiu da cho thay két hop vai
phé pham noéng nghiép va nano sét 1a hai phuong phap bién tinh kha thi c6 thé ap dung cho sét
kaolin mién Béng Nam bo.

Tu khoa: Sét kaolin, bién tinh hod hoc, bién tinh nhiét, phé pham néng nghiép, nano sat hoa tri
khong, kim loai nang, chat hap phu, xr ly 6 nhiém
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GIGI THIEU

Kim loai ning 1& mét trong nhiing chit 6 nhiém
nghiém trong vi c6 thé anh hudng dén stic khoe cong
dong. Kim loai ning dugc van chuyén va tich lay
trong cac hgp phan méi trudng cé ngudn goc ling
dong ti khi quyén, phong hda dé goc, x6i mon dit, bui
khi quyén va cac hoat dong ctia con ngudi, bao gébm
chit thai!. Céc ngu6n phat thai nhan tao quan trong
nhdt ctia kim loai ndng bao gém: phén bon, thudc trit
sau, chdt thai luyén kim, nudc thai khai thac khodng
san, ro ri ddu phanh, giao thong, bun thai, chat thai
rdn va nudc thai cdng nghiép dugc xt Iy mot phan
hoic chua qua xt Iy2. Kim loai ning c6 thé tuong
tac v6i protein hat nhan va phén ti mang thong tin
di truyén (deoxyribonucleic axit - DNA), géy ra tic
dong dén céc bo phan khac nhau clia co thé ngudi’.
Do d6, kim loai ning 1 mot nhém céc chét 6 nhiém
dugc con ngudi quan tdm la d6i tugng ctia nhiéu dé
tai nghién ciu. Trong s6 cac kim loai ndng, chi (Pb),
thiy ngan (Hg), cadmi (Cd) va crom (Cr) da dugc xép
vao danh sach 720 chat doc hai hang ddu” do Co quan

Bao vé Moi truong Hoa Ky va Co quan Pang ky Chat
ddc va Dich bénh (ASTDR) bién soan?. & Viét Nam,
6 nhiém do kim loai néng la mét vin dé nghiém trong
va da dugc dé cap dén trong nhiéu nghién ctiu. Al, Mn
va dic biét As 1a nhiing nguyén t6 c6 ham lugng vugt
qua gidi cho phép ¢ nhiéu khu vuc 59 Mot s6 khu vuc
cling 33 c6 d4u hiéu 6 nhiém Cr, Cd va Pb !%!!, Chinh
vi vy, Viét Nam va cic nu6c déu quy dinh ngudng
cho phép ctia kim loai ndng d6i v6i nude cap dung cho
sinh hoat d€ ddm bdo stic khoe cong dong (Bang 1).

Nhiéu nghién ctiu da dugc trién khai d€ tim mot giai
phép thich hgp dé loai bo céc kim loai doc hai. Céc
giai phdp cong nghé truyén théng nhu trao déi ion,
thdm thiu ngugc, két tta thi chi phi khd 16n. Do do
hién nay, khodng sét - 1a vat liéu hdp phu tu nhién véi
chi phi thdp dang dugc dic biét quan tim. Khodng sét
hay dat sét theo tén goi thong thudng la mot san phim
ctia qua trinh dia chat v6i ¢6 hat < 2 um. Hai khodng
sét thuong dugc st dung trong hdp phu hién nay la
bentonit va kaolin. Bentonit c¢6 thanh phan chinh la
khodng vat sét montmorillonit. Trong khi d6 kaolin

Trich dan bai bao nay: Loan TTC, Thay H T T, Huyén P K. Téng quan vé giai phap bién tinh nham nang
cao kha nang xt ly kim loai ctia sét kaolin mién Péng Nam Bd. Sci. Tech. Dev. J. - Sci. Earth Environ.;

5(S12):S1176-S1199.
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Bang 1: Gigi han cho phép kim loai nang trong nuéc cap (mg/L) & cac Quéc gia

Kim loai QCVN  01- ISO 10500 WHO USEPA CDW, NHMRGC, Uc
1:2018/BYT = L e Canada L7
12 16
Niken 0,07 0,020 0,020 0,100 - 0,020
Chi 0,01 0,010 0,010 0,015 0,010 0,010
Kém 2 5,000 3,000 5,000 5,000 -
DPéng 1 0,050 2,000 1,300 1,000 2,000
Cadmi 0,003 0,003 0,003 0,005 0,005 0,002
Thay ngan 0,001 0,001 0,001 0,002 0,001 0,001
Arsen 0,01 0,010 0,010 0,010 0,010 0,010
Chrom 0,05 0,050 0,050 0,100 0,050 0,050
Mangan 0,1 0,100 0,500 0,050 0,050 -
St 03 0,300 0,200 0,300 0,300 -

Ghi chii: - QCVN 01-1:2018/BYT - Quy chudn Viét Nam vé chdt lugng nudc sach cho muc dich sinh hoat ciia Bo Y t&

- ISO 10500: Quy chdt chdt ligng nudc udng ciia An Do

- WHO: Tiéu chudn nudc udng ciia T0 chiic Y té thé gidi

- USEPA:Cuc BAo vé Méi trudng

- CDW, Canada: Ludt Y té Canada

- NHMRC, Uc: Hoi dong nghién ciiu Y té va Stic khde quéc gia Uc

c6 thanh phén cht yéu la khoang vat sét kaolinit. Ben-
tonit 13 chét hdp phu ludn dugc quan tdm vi dién tich
bé mt tiép xudc (specific surface area — SSA) 16n vakha
ning trao ddi ion'®. Kha nang hip phu ctia kaolinit
han ché hon do céu truc chi ¢ hai I6p tit dién va bat
dién nén SSA ctia khodng vat nay 1a 30 m?/g. Mic d
SSA ctia kaolinit cao hon cac khoang vat khac nhung
van § muc thip néu so v6i montmorillonit c6 thé 1én
dén 800 m?/g. Tuong tu, kha ning trao ddi cation
(CEC) ctia khodng vét nay ciing & muic thip (t6i da 15
cmol/g) do bé mit tich dién (-) han ché so v6i mont-
morillonit (100 cmol/g) '7~1. Tuy nhién, kaolinit va
sét kaolin van dugc sti dung rong rai do 1a moét khodng
san phd bién.

O khu vic mién boéng Nam bo (DNB), sét kaolin
la khoang sét c6 trti lugng 16n nén sé dam bao mot

h2021 Cac mo sét kaolin

ngudn nguyén liéu 6n din
mién DNB phan bé tép trung & luu vic song Sai Gon
tao thanh dai kéo dai tit Tha Pic dén hé Dau Tiéng
thudc 2 kiéu nguodn géc: Kiéu ngudn géc phong hda
tan du va ki€u ngudn gbéc tram tich, trong d6 kiéu
ngudn goc trdm tich doéng vai tro chinh. Sét kaolin
6 khu vyc mién Pong Nam b c6 thanh phan khoang
vat kaolinit ti 20 dén 75%, ilit tii 5 dén 15%, montmo-
rillonite tif 0 dén 5%2!. Nhu véy, ham lugng kaolinit
ctia sét mién DNB & muic thdp so vdi cac khu vuc khéc
trén thé giéi 178, Nhung do trit lugng bentonit &
mién DNB rit han ché nén chi c¢6 thé khai thic va

st dung sét kaolin. Do han ché vé kha nang trao d6i
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cation va ham lugng kaolinit khéng cao nén bién tinh
la giai phép cén thiét d€ lam tang hiéu sudt hdp phu
ctia vét liéu nay. Bai bdo trinh bay két qua nghién ctiu
téng quan vé phuong phap bién tinh trong va ngoai
nudc tii d6 dé xuit giai phap phi hgp cho sét kaolin
mién DNB.

PHUONG PHAP THU THAP TAI LIEU

Céc bai bdo da cong b6 da dugc thu thap va téng hop
dya trén cong cu tim kiém Google Scholar va Science
Direct. Cac tu khdéa “Modifed Kaolin” va “Modified
Kaolin/remove heavy metal” da dugc stt dung dé tim
kiém tai liéu. Khung thdi gian tif ndm 2000 dén nam
2020 da dugc lya chon. Theo Otunola (2020), nhiing
nghién ctiu v6i chu d€ kha nidng hip phu kim loai ning
clia sét kaolin da bit dau vao nam 2000, va phat trién
cho dén nay!”. Trong khu6n khé bai viét, cac bai bdo
giai doan 2010 - 2020 dugc luu ¥ ndm téng quan vé cac
ky thuét bién tinh méi va céc tai liéu giai doan trudc
2010 cht yéu stt dung d€ d6i sanh (Phu luc 1). Trong
10 ndm gin day, da c6 60 cong bd khoa hoc véi chu
dé sét kaolin bién tinh xt ly 6 nhiém kim loai ning
(Hinh 1a). O giai doan 2012 - 2013 s6 bai béo cong
b ¢6 xu hudng gidam. Tuy nhién tii ndm 2013 s6 bai
bdo da ting trd lai va cao nhat vao nam 2019 véi 13 bai
bdo nghién ctiu. Trong s6 cac kim loai, Pb la nguyén
t6 dugc nghién cttu nhiéu nhat chiém 33% s6 bai; tiép
dén la Cr, Cd, Cu, Zn, Mn, As, Ni, Hg, Na, K, Co, U,
Ca, Th, V va Al (Hinh 1b, Phu lyc 1). Nhin chung
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Hinh 1: Xu thé céng bé véi chti dé sét kaolin bién tinh: (a): Téng s6 cdng bé khoa hoc trong giai doan 2010 -2020

va (b) s6 céng bé phan theo kim loai

s6 lugng bai bdo nghién ciiu kaolin bién tinh hip phu
kim loai ning dén thoi diém hién tai con khd han ché.
Tuy nhién, do hiéu qua cta sét kaolin bién tinh mang
lai da dugc dé cap c6 thé chling minh rang khodng sét
nay van la mot vat liéu hdp phu tiém nang cin dugc
tiép tuc nghién ciu.

UNG DUNG SET KAOLIN TRONG
HAP PHU KIM LOAI NANG

Sét kaolin 1a tén goi chung cho cac khodng sét c6 véi
thanh phan khodng vit cht yéu la kaolinit. V€ cdu
truc tinh thé, kaolinit c6 cdu trac 16p véi 6 mang co
s& 1a cac ti dién va bat dién tuong ting cta Si va Al
Cong thtic héa hoc co ban cua 16p ti dién la SiO4
va 16p bat dién la My_3(OH)g (M thudng 1a AlT3).
Hai 16p nay két hgp sao cho dinh cta 16p ta dién silic
hudng vé 16p bét dién. Lép tu dién ndm & vi tri d6i
dién véi 16p bat dién véi cac nguyén ti O & dinh dugc
dung chung cho ca hai 16p (Hinh 2). Trong cdu tric
ctia kaolinit, hai phén ba cic nguyén ti O dugc dung
chung gitia Si va Al. M6t phén ba con lai ctia cac vi
tri trong 16p nay gém cdc nhém hydroxyl phdéi hgp
v6i cac nguyén ti Al don 1é. Hai phén ba s6 vi tri
6 thé trong tdm bét dién dugc 14p déy véi Al va mot
phén ba con lai bi bo tréng d€ c6 thé két hop véi cac
nguyén ti khic. Nhiing nguyén ttt Al dugc dit theo
cach ma hai nguyén ti Al bat ky dugc ngin cach bsi
hai nhém hydroxyl; tao ra mot cdu truc luc gidc trong
mot mit phing trung tAm cta tdm bét dién. Nhiing
nhom hydroxyl dugc dit truc tiép d6i ngugc véi cac
tim clia oxy - hinh luc gidc cia mit phéng ddy ctia l6p
tt dién '8, C4u trac 16p ctia kaolinit d4 tao nén mot

tinh chat dac biét cho sét kaolin 1a SSA 16n hon cac
nhém khodng vét khac. Pic diém nay 13 vu thé cta
kaolinit noi riéng va khodng vat sét noéi chung trong
xu ly ngudn nudc 6 nhiém hodc nudc thai.

e=0 orodl‘mg(hung *=5i

©@=Ai

Hinh 2: Cau tric ctia khodng vat kaolinit

Vé thanh phin hoéa hoc, kaolinite c6 ham lugng
cac nguyén t6 chinh nhu sau Si (46,54%) va Al
(39,50%) 2022, Khac véi montomorillonit, kaolinit
khong c6 sy thay thé ctia Si** va AI3* trong 16p t
dién va khéng c6 sy thay thé ciia AP v6i nhing
ion khac (vi du Mg?*, Zn?*, Fe?*, Ca’*, Nat va
K™) trong 16p bét dién. Do dé, vé Iy thuyét dién tich
toan phan (net charge) ctia kaolinite la : [4 (+4)]+[4
(+3)]1+[10 (-2)]+[8 (-1)] = 0. Tuy nhién trong thuc té,
kaolinit vin mang mét dién tich am nhét dinh do su
két tinh khong hoan chinh 6 mét s6 tinh thé. Mot s6
nghién ctiu ciing ghi nhan c6 sy thay thé ctia ion AT
v6i Fe> va/hodc Ti** trong kaolinite '®.

SI1178
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Chinh vi vay, kha ning trao ddi cation ctia sét kaolin
chu yéu phu thudc vao tic nhan hép phu chinh 1a
kaolinit, dc biét thanh phan hat ctia khodng vét nay
so v6i muc do két tinh 718, Va ciing chinh do su bién
thién v€ ham lugng khodng vat kaolinit trong cac loai
sét kaolin nén hiéu sudt hdp phu cé su khac biét kha
16n gitia cac nghién ctu. Hiéu suét loai bd kim loai
cao nh4t1a Cu (96%) va Fe (90%) 2. C4c kim loai khéc
nhin chung c6 hiéu sudt xi Iy thap, nhd hon 50% 2472,
Gi4 trj thdp nhdt ctia hiéu suit loai bd cac kim loai c6
thé dugc sip xép nhu sau 3933

Pb (8,6%) <Cd (15,9%) <Cr (36%) <Ni (37%) <Zn
(45%)

O khu vuc mién Pong Nam b, sét kaolin da dugc
khai théc tit lau cht yéu lam gém s, phan bon tuy
thudc vao chit lugng ctia sét. Véi uu thé 1a nguon
nguyén liéu c6 sin, gid thanh hgp 1y nén sét kaolin
cing da dugc thi nghiém d€ loai bo kim loai ning
trong nudc dusi dit?%*132, Hiéu qua xit Iy Mn ctia
sét kaolin thanh phim ctia ba mé Minh Hung, Dt
Cudc va Chon Thanh da cho thay két qua nhu sau:
51% (Minh Hung) > 44% (Pat Cudc) >19% (Chon
Thanh). Hiéu qua xt 1y Mn ciing c6 tuong quan thuin
rd rét v6i ham lugng kaolinit tuong ung lan lugt 1a
52%, 43% va 29 % > Két qua clia nghién ctiu nay phi
hop véi cdc cong bo ctia cac nghién ctiu & nudc ngoai
va cho thdy kha ning han ché ctia sét kaolin DNB. Két
qué nghién ctiu d6i véi sét kaolin tho tit Nigeria da
cho thdy hiéu qua xt ly Mn trong diéu kién t6i uu
14 50% 2333, Nguyén nhén la do ham lugng kaolinit
trong cac mau thi nghiém thay déi ti 19 - 42 %, &
muic thdp so v6i ham lugng trung binh trén thé gisi
(trén 70%)%>33. Chinh vi vy, &€ c6 thé sti dung hi¢u
qua nguon vat liéu ty nhién cin dp dung cac ky thuét
bién tinh nhdm néng cao hiéu sudt hip phu cua sét
kaolin mién DNB.

CACPHUONG PHAP BIEN TiNH

Nhu da trinh bay & trén, bién tinh 1 gidi phdp
can thiét d€ c6 thé st dung hiéu qua sét kaolin
DNB L10:3435 Ty tai lidu téng quan di cho thiy cac
phuong phép phé bién 1 gia nhiét3*~3%, hoat hoa
béng cdc hoa chét nhu oxit kim loai, axit, dung méi
hitu co¥*~42; két hgp sét kaolin va cac vat liéu khéc
nhu sét nano?’ hoic sinh khéi*3, v.v. Cac giai phap
nay da chiing minh dugc hiéu qua xt Iy do su thay déi
cu tric khodng sét 1am ting kha ning hip phy %4,
Bién tinh nhiét

Bién tinh vét ly bang nhiét la mot trong nhiing giai
phép don gidn va phd bién nhat c6 thé 4p dung d6i véi
sét kaolin. Khi sét kaolin dugc gia nhiét, sé dan dén

sy thay d6i vé thanh phan héa hoc va cdu tric 73,
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Cac déc trung nhu kich thudc hat, do déo, thanh phin
khodng vat, kha néing trao déi cation va dién tich bé
mit la nhiing thong s6 co ban c6 thé thay déi. Trong
cac yéu t6 ndi trén, SSA va dién tich toan phan la hai
yéu t6 quan trong nhét c6 thé lam tang hiéu sudt hip
phu clia sét kaolin*’. Cac giai doan bién déi ctia sét

kaolin khi gia nhiét c6 thé tom tit nhu sau 73437,

« Giai doan 1- Loai bod nuGc va hgp chit hitu co &
nhiét do tt 300 dén 400 °C: Qua trinh khtt nu6c
sé c6 tac dung giam khdi lugng, ting do x6p va
SSA d€ qua trinh trao ddi ion dién ra dé dang
hon?8. O nhiét do nay, cdu truc ctia sét kaolin
van git nguyén nhu sét kaolin tho va thay déi
khéng dang ké [36]. O géc do thanh phéan héa
hoc, cing cé sy thay d6i vé€ ham lugng Mg va
Fe nhung khong nhiéu nén khong lam gia ting
dang ké dién tich (-) ctia sét kaolin [38].

« Giai doan 2 - khtt hydroxyl ¢ nhiét d6 ti 400
dén 600 °C: Qua trinh (dihydroxylation) va ion
Alt3 chuyén ti vi tri bat dién sang td dién. Do
d6, clu truc cta sét kaolin thay d6i kha nhiéu,
khoang tréng gitia cdc 16p bi bién d6i nén dién
tich bé mat va SSA sé giam 17,36,

o Giai doan 3 - tai két tinh & nhiét do tit 950
dén 1.000 °C: sét kaolin tai két tinh tao thanh
khoang vét tuong ty spinel 7.

Nhin chung, CEC va hiéu sudt hip phu ctia sét kaolin
chi ting khi dugc gia nhiét & giai doan 1. O khoang
nhiét d6 nay, nudc va cac chit hiiu co bam trong cac
16 réng dugc loai b di lam ting kich thudc 16 rong
va ting SSA 3% Pién tich toan phan (-) ciing c6 thé
dugc tao ra tli cac vi tri bo tréng ctia cac ion Mg va
Fe tuy nhién chi déng vai tro thi yéu. Néu tiép tuc
gia nhiét, sét kaolin sé chuyén sang giai doan khti hy-
droxyl thi cdu truc thay d6i hoan toan nén SSA sé gidm
va do d6 hiéu sudt hap phu ciing sé giam. Con néu gia
nhiét & giai doan 3 (trén 950 °C) thi chi phi cao va
khong dat hiéu qua kinh té.

Ciing can luu y rang do su khac biét vé thanh phén cta
kaolinit va cac khoang vat di kém trong sét kaolin tho
nén ché do gia nhiét ndi trén va di€u kién gia nhiét t6i
uu chi mang tinh chat tham khéo va sé thay d6i theo
tiing nghién cdu®*=%%. Vi du, Malima & ctv (2020)
da tién hanh gia nhiét sét kaolin Tanzania (K-Tz) & 5
khodng nhiét d¢ tit 100 - 500 °C cho thdy nhiét d6 t&i
wu 12300 °C38, O nhiét d6 nay, hiéu sudt xt ly cd3t,
Co?* clia sét kaolin déu tang ro rét, dat gia tri cuc dai
14 99,39% va 95,52% 38, Tuong ty, theo Fabbri & ctv.
(2013) cho théy dién tich bé mit cua sét kaolin ting
dén véi nhiét dd nung tii 550 dén 650 °C va 750 °C
nhung sau d6 gidm dan & 850 °C. Cu thé, SSA cua sét
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Hinh 3: Sy thay d&i cila SAA cla cac loai sét kaolin khac nhau khi gia nhiét. RK: Kaolin thé, BS4, CaO110 va BAL-

CO36, K-Tz38 va K-Br?’.

Kaolin BS4 (82% Kaolinite) sau khi gia nhiét da ting
dang ké dao dong 28,9-56,1%°° (Hinh 3).

Tuy nhién c6 mét s6 trudng hop ngoai lé. Cling tii két
qua nghién ctiu cta Fabbri &ctv. (2013) d6i véi hai
loai sét kaolin khac (CaO110 va BAL-CO) da cho thdy
sau khi gia nhiét tit 550-850 °C, SSA cta hai loai sét
kaolin nay déu giam ti 5,2% dén 13,3% so véi kaolin
tho3® (Hinh 3). Nguyén nhan la do sy c6 mit ctia
cac nguyén t6 khac nhu N trong cic 16 hong cta sét
kaolin3°. Tuong tu, nghién ctu cta Talaat (2011),
cling cho thdy kha nang hip phu va hiéu suét xt ly
Cu va Ni gidm r rét so v6i kaolin tho khi gia nhiét &
800 °C%.

Su khong théng nhét gitia cdc két qua ndi trén cé thé
do sy khac biét vé ham lugng kaolinit trong sét kaolin.
Do d6, bat budc phai t6i vu diéu kién gia nhiét dé c6
dugc SSA va hiéu sudt hdp phu t6i uu pht hop véi
tiing loai sét kaolin.

Hoat héa axit/kiém két hop nhiét

Dé ting hiéu qua hip phu, gidi phép bién tinh nhiét
thudng khong thuc hién riéng 1é ma thuong két hgp
v6i hoat héa axit. Hién nay, phuong phap bién tinh
héa - nhiét da dugc dp dung khd nhiéu nhim ting
hiéu qua xt ly cac chit 6 nhiém. Céc hoa chit bién
tinh dugc st dung bao gém céc axit v6 co (HNO3,

H,S0y4, HCL, H3POy), axit htiu co (CH3COOH, ...),
kiém (NaOH, ...) 404245, Quy trinh bién tinh dién ra
qua hai giai doan, chi tiét nhu sau:

« Giai doan bién tinh héa hoc: Sét kaolin (qua ray
v6i dudng kinh 16 ray 0,1mm) + Dung dich Axit
— Lic déu hodc dun hoan luu & diéu kién (nhiét
do: 75 - 110°C va thai gian: 3 - 4 gi6) — Rua
béng nudc cit (loai axit con thita) — Loai hoan
toan nudc cta vat liéu trong ta sdy & nhiét do
105 4 5?C — Sét kaolin bién tinh axit.

o Giai doan bién tinh nhiét: Sét kaolin da dugc
bién tinh axit — Nung trong ti nung & nhiét
do (500 - 800 °C) — Sét kaolin bién tinh Hoa
- Nhiét.

Phuong phap bién tinh héa hoc lam ting dién tich bé
mat cta sét kaolin, cu thé la s6 lugng tdm axit, thay
d6i cdc nhdm chiic bé mit d€ thu dugc vat liéu bién
tinh c6 do x8p cao. Trong céc axit vo co (hydrochlo-
ric, sulfuric, nitric,...) va cac axit hitu co (axit acetic,
citric, oxalic, lactic) dugc st dung bién tinh thi hoa
chét nao c6 tinh axit manh (HCI, H»SO4) thi két qua
vé SSA, thé tich 16 rong d) xdp ting vugt trdi (Bang 2).
Nguyén nhén 1a do cdc cation trao ddi cua sét kaolin
ciing nhut gidi phong ion AP clia c&u triic bat dién va
dugc thay thé bing ion HT, chi d€ lai cdc nhom SiOy.
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Qud trinh nay con loai bé mdt sé “chit ban” trong
khodng sét va hoa tan moét phan céc 16p silicat bén
ngoai. Tinh chdt nay tang ty 1é thuin véi cudng do axit
(HNO; > HCl > H3PO, > CH3;COOH) (Bang 2),
nguyén nhén c6 thé 1a do sy hoa tan AIPY trong cdu
truc béat dién ctia sét kaolin va sy hoa tan loai bo cac
tap chat khodng do axit stt dung dé€ bién tinh.

Ngoai ra, hiéu qua hidp phu ctia sét kaolin bién tinh
tang ty 1é thudn véi nong d¢ axit st dung, cu thé
dung lugng hdp phu Langmuir tdng dan (11,42 - 13,9
mg/g)?>*0; (27,15 - 40,75 mg/g) > va (40,65 - 77,47
mg/g)*! tuong ting vé6i cic néng do axit bién tinh
H,SO4 0,25M; 6M va dam dic (Phu luc 2) mic du
ham lugng SiO; (Si) 15,71%; Al,O3 18,55% clia sét
kaolin & mtic thip*'. Piéu nay phit hop v6i nhan xét
va két qua nghién ctiu ciia Kumar va cong su (2013)
1a d6 axit cang manh thi kha ning hoa tan ion AIPT
cao, dién tich bé mat ting dan dén sy tang dién tich
tiép xtic ctia dung dich kim loai xt ly véi sét bién tinh
cling nhu kha ning trao d6i cation ciing ting*°. Tuy
nhién cén luu y néng do cha axit sii dung ciing can
khdo sat cu thé véi tiing loai sét kaolin vi néu néng
d0 axit qua cao sé 1ang phi héa chat bién tinh va gay 6
nhiém moi trudng do phéi loai bd phén axit du trudce
lam kho sét bién tinh axit.

Sét bién tinh bang dung dich kiém ci ng 1a mot giai
phép da dugc tht nghiém tuy nhién s6 lugng cac
nghién ctu con kha han ché so véi axit*®. Khi bién
tinh bing NaOH 1a mdt hda chét c6 tinh kiém manh
ciing xay ra su két tta cdc hydroxit Mg va Ca tuong
ty khi bién tinh véi axit. Diéu nay c6 thé 1a ly do
ma SSA clia sét kaolin sau khi bién tinh kiém c6 ting
(76 m2/ g) so vdi sét kaolin tho (23 m?/ ), tham chi
cao hon céc axit vo co yéu (H3POy4: 42 m?/ g) va axit
httu co (CH3COOH: 38 mZ/g) 45 Bén canh d¢, vé
mat kinh té néu bién tinh bang NaOH sé c6 chi phi
thdp hon nhiéu so véi cac axit manh (HCl, H>SO4)
nhung van dat SSA ¢ miic tuong duong khi bién tinh
bing hai axit néi trén (HCL: 78 m?/g va HySO4: 86
m?/g)*.

Bién tinh bang vat liéu nano

Nano sét héa tri khong (nZVI) la vét liéu nano c6
dudng kinh tit 1-100 nm“°. Sét kaolin bién tinh bing
nZVI da dugc st dung d€ loai bo chit 6 nhiém trong
nuéc dudi dit*’; chit 6 nhiém hitu co va vo co trong
nudc thai?®*8->2 Sau khi hoat hoa bing nZVI, sét
kaolin c6 ning lugng bé mit cao, kha nang phén ting
cao do dién tich bé mit 16n°3. Tuy nhién, stt dung
kaolin lam vat liéu hé trg cho nZVI (K-nZVI) d€ loai
bo kim loai ning trong moi trudng nudc van chua
dugc nghién ciu rong rai.

SI1181

Quy trinh sdn xudt nZVI ¢4 thé st dung phuong phép
khit jon Fe3t béng sodium borohydride (NaBH,4)
theo phuong trinh phan ting chinh (1) hodc 6 thé st
dung phuong phép xay/nghién >*.

4Fe*™ +3BH, +9H,0

1
— 4Fe | +3B(OH)y+9H™' +6Hy 1 )

Tuy nhién, nZVI c6 kha ning két tu nhanh do lyc Van
der Waals yéu va tac dong tii tinh cta ban than vt
liéu>*5> nén néu st dung riéng 18 sé khé tuong tac
véi céc chit 6 nhiém. Do do, néu sét kaolin duogc két
hop v6i nZVI c6 thé cai thién sy dn dinh va tang hoat
tinh ctia nZVI*3. Thém vao do, sét kaolin con c6 thé
ngédn chin qua trinh oxy hoéa ctia nZVI khi tiép xtc
v6i khong khi®®. Nhg céc vu diém ciia sét kaolin ké
trén nén loai khoang sét nay dugc xem la vt liéu thich
hop dé€lam chéit mang gitp phan tdn cac hat sit nano.
K-nZVIhoat ddng dya trén qua trinh chuyén electron
sang cac chit 6 nhiém ion kim loai M va chuyén chit
6 nhiém thanh dang kht ctia chung dugc mo ta trong
phuong trinh (2). Ngoai ra, trong méi trudng nudc,
trén bé mat nZVI sé hinh thanh 16p FeOOH do qua
trinh hydroxyl héa>°. Khi pH thép, oxit sit ndy mang
dién tich duong va nhanh chéng hut cic ion mang
dién tich 4m nhu nitrat, phosphat,... D6i véi pH > 8,
bé mat 16p oxit nay trd thanh dién tich Am va tao phuic
bé mit véi cac ion mang dién tich duang47 dugc mod
ta trong Hinh 4.

Fe | +M™ — Fe?t + MO |, Eg = —0.440V  (2)

Do d6, vé mit Iy thuyét Fe® c6 thé khit bt ky chét 6
nhiém c6 kha ning kht cao hon -0.440V. Ty 1é nZVI
trong hon hgp K-nZVI 1a yéu t6 quan trong quyét
dinh hiéu suit hdp phu. Yu C va cdng su (2019) da
tién hanh thi nghiém xdc dinh hiéu qua loai bo Pb
theo 5 ty 16 nZVT tuong ting 1a 10%, 20%, 30%, 40%,
50% trén tong s nguyén liéu téng hop (g/g). Két qua
cho thdy véi néng do Pb la 200 mg/L, hiéu suét xt ly
ctia K-nZVI tuong ting 47%, 58%, 70% va 90%. Tuy
nhién & ty 1& 50% nZVI, da c6 két qua ngac nhién la
K-nZVI da béc chéy khi tiép xtc véi khong khi“S.

Hiéu qua xt ly chit 6 nhiém va hiéu qua tai st dung
ctia K-nZVI phu thu¢c vao néng d6 kim loai. Hiéu
sudt xtt ly Pb ctia K-nZVI da giam dang ké, tit 100%
xudng con 33% khi ndng d6 dau vao ting tit 50 mg/L
1én 350 mg/L*°. Nguyén nhén c6 thé do vi tri hdp phu
ctia K-nZVI con han ché€ nén khi n6ng d¢ ion kim loai
cao dan dén viéc loai bo khong triét dé. Bén canh do,
sau 5 lan st dung thi hiéu qua xu ly cua K-nZVI da
giam 80% so véi ban dau?’. Tuong ty, hiéu suit xt
ly Ni & lan st dung ddu tién (94.1%) ciing gidam déng
k&, chi dat 81% sau 6 14n sti dung *°. Nhin chung, di¢n
tich bé mat va cac diéu kién ctia mo hinh xu ly (pH,
nhiét 4o, lugng chat hip phu) 13 yéu t6 quan trong

quyét dinh hiéu sufit xt Iy ctia K-nZVI1°8-0,
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Bang 2: Su thay ddi dién tich bé mat va thé tich 16 réng ciia sét kaolin & cac phuong phap bién tinh héa hoc

(Nguén: Sachin Kumar, 2013 %)

Vat liéu bién tinh Dién tich bé mit (m?/g)

Hiéu qua SSA Sét kaolin  Thé tich L6 réng (cc/g)

bién tinh (%)
Kaolin tho 23 0,361
K_CH3COOH 38 (+) 65 0,504
K_H3POq4 42 (+) 83 0,658
K_NaOH 76 (+) 230 0,591
K_HCl 78 (+) 239 1,083
K_HNO; 86 (+) 274 1,124

FeB+
{ NaBH,

(I): Oxy hoa
(I1): Khur
(IIT): Hap phu

- Kaolinite ,-/

Hinh 4: Co ché phan ting loai bo kim loai ning clia K-ZVI°%>7

Sét kaolin két hop phé pham néng nghiép

No6ng nghiép 1a mot trong nhiing nganh c6 san lugng
sinh khéi cao nhat®!. Rac thai sinh khoi dic biét 1a
phé phdm ndng nghiép san sinh tit cac ho gia dinh va
nganh cong nghiép thuc phdm cang ngay gia tang do
nhu cdu stt dung cung véi su phat trién din s6. Phé
phdm noéng nghiép dugc xem 1a vét liéu tiém nang do
¢6 chi phi thdp, dé tim, khong gay hai cho mdi trudng
va ¢6 kha ndng xt ly chat 6 nhiém trong moi trudng
nuéc®?. Phé phdm nong nghiép 1a cac vét liéu lignox-
enluloza gom ba thanh phan céu trac chinh: lignin,

63

cellulose va hemicelluloses®’. Cac nhom chiic nay

d6ng vai tro quan trong trong viéc téng hgp than hoat
tinh bing cch kich hoat vat Iy (nhiét phan), héa hoc
hodcly-hoa két hgp. Gan day, cac nghién ciu st dung
phé phim ndng nghiép dé€ tdng hgp than hoat tinh
thay thé than hoat tinh thuong mai trong xt ly moi
truong vi c6 ham lugng cacbon cao, ham lugng hop
chit v6 co thip, do bén co hoc cao, ham lugng tro
thép va chi phi khong cao ®*. Chinh vi vay, mét huéng
di méi tao ra vat liéu hip phu téng hop bién tinh da
dugc thtt nghiém dya trén sy két hop gitia sét kaolin
va phé phdm noéng nghiép khac nhau nhu v sin, vo
trau, hat du du, 16i ngo,.... Cac nghién ctiu déu thu
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nhan dugc hiéu qua xu ly t6t hon so véi sét kaolin
tho %>, Quy trinh ché tao vét liéu hip phu sét kaolin
két hop vé6i phé phdm nong nghiép co ky thuat don
gidn va ddm bao than thién moi truong. Phuong phap
chti yéu 1a nhiét phan va c6 thé két hgp véi hoa chit
bién tinh nhu NaOH. Thong thudng, sét kaolin va phé
phidm nong nghiép dugc xt ly so bd dé loai bo céc
manh vun, chit hitu co trude khi nghién va sang loc
qua ry. Sau d¢, sét kaolin va phé phdm nong nghiép
dugc tron theo ty 1é khéi lugng khac nhau va 1:1 1a ty
1¢ t6i uu®’. Nghién ctu ctia Chukwuemeka-Okorie
va cOng su (2018) da tién hanh kiém tra hiéu qua hép
phu thong qua ty 1¢ 161 ng6é bé sung vao sét kaolin &
cac gia tri 10%, 20%, 30%, 40%, 50% theo khdi lugng
va ciing cho thdy ty 1¢ t6i uu la 1:1 cho hiéu qua xu ly
t6t nhat %%,

K¢ tiép, hén hop sét kaolin va phé phdm nong nghiép
sé dugc hoat hoa bing gia nhiét/nhiét phan dé tao vat
liéu méi vé6i thanh phén chinh la kaolinit bién tinh va
than sinh hoc [Hinh 5]. Than sinh hoc hinh thanh
bam trén bé mat sét Kaolin dugc xem la vat liéu hd
trg hdp phu tiém niang. C4u tric16 rdng ctia than sinh
hoc da tang kha nang hip phu kim loai ning ctia hdn
hgp®°. Tuy nhién diéu kién gia nhiét kha khac biét
& cac tai liéu nghién ciu, dugc chia thanh hai nhom:
sdy kho (70 °C)® va nhiét phan (trén 300 °C) 7%,
Nhin chung, vat liéu hdp phu méi déu thé hién hiéu
qua xu ly tdng so v6i sét kaolin tho. Akpomie KG
va cong su (2017) da cho thdy hiéu qua xt ly Cr cua
hdn hgp sét kaolin va vo sin da ting khoang 30% ®*.
Tuong ty, sét kaolin két hgp véi vo trdu cho hiéu
qué x0i Iy Mn da ting 1én 84,5%°° so véi sét kaolin
tho 51%%. Nghién ctiu ctia Chukwuemeka-Okorie
va cdng su (2018), két qua cho thdy co hiéu qua hép
phu Pb va Cd nhu sau 16i ng6 tho > sét kaolin-16i ngod
> sét kaolin tho. Sét kaolin-16i ngd c6 hiéu sudt hdp
phu cao hon so véi kaolin thé khoang 30-40%, tuong
tu nghién ctu kaolin-vo sin .

Néu xét 6 khia canh hiéu qua xti ly va kinh té thi nhiét
d6 300 °C duogc xem la diéu kién t6i wu dé ché tao vat
liéu hap phu méi ndi trén. O nhiét do nay, ciu truc sét
kaolin chua bi bién déi, than sinh hoc hinh thanh ti
phé phdm noéng nghiép sé lap day cac 16 rong va hiéu
sufit x@ 1y ctia vat liéu méi & miic cao**°7-%%, Nhung
yéu t6 nao da lam tang hiéu sudt hdp phu cta vat liéu
mdi thi chua cé sy théng nhit gitia cic nghién cuu.
Khi sét kaolin két hgp vé6i hat du du cho théy kha
néng trao d6i cation cta vét liéu méi da tang lén 75
meq/100g so v6i 2,59 meq/100g ctia kaolin tho nhung
SSA lai giam 55% ©”. Nhung khi két hgp véi 161 ng6 thi
SSA ctia vat liéu méi da ting 108% so véi ban dau®s.
Tuy nhién, két qua phén tich cta cic nghién ctu déu
khing dinh sy hién dién cta cdc nguyén t6 dic trung
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cho vat chit hitu co hitu co (C< H< N) trong thanh
phan ciia vét liéu mé6i %%, Néu gia nhiét & nhiét do
cao hon (ti 600 va 1.000 °C) sé d6t chdy hoan toan
chét hiiu co trong vo trdu tao thanh hén hop SiO,
va cacbon vo dinh hinh c6 cdu tric x6p, rong tao ra
khodang trong khé 16n nén hiéu sudt hdp phu sé ting.
Tuy nhién khi gia nhiét & nhiét d§ cao thi sé khong
hiéu qua do tiéu tén nang lugng, khé 4p dung trong
thuc téva tang chi phi. Matkhac, & nhiét do nay sé pha
hay hoan toan cdu tric ban dau ctia sét kaolin tho nén
hi¢u sudt xti Iy ctia khoang vét kaolinit s& giam 2%%8,
Cac nghién ctiu déu cho théy cac kim loai nang dugc
hép phu hiéu qua, vat liéu bién tinh téng hop tiém
nang tao ra ti sét va phé phdm ndéng nghiép véi chi phi
khong cao uée tinh khoang 6,3 $/kg va c6 thé thay thé
than hoat tinh thuong mai véi chi phi 31,3 $/kg trong
linh vyc xtt ly nu6c thai 67, Bén canh dé, st dung vat
liéu hdp phu mdéi nay c6 thé thay thé cac phuong phép
xt ly hoa hoc dugc xem 1a nguy hai do ky thuét phuc
tap, ddu tu tén kém va phat sinh nguén 6 nhiém tht
cép khong mong muon.

DE XUAT GIAI PHAP BIEN TiNH KHA
THI DOI VOI SET KAOLIN MIEN DNB

Két qua tdng quan tai liéu da cho théy hién c6 nhiéu
giai phép bién tinh c6 thé 4p dung dé lam ting hiéu

.....

uu diém va ton tai nhat dinh, cu thé nhu sau:

« Bién tinh bang phuong phép gia nhiétla phuong
phép don gidn da dugc thi nghiém dé lam ting
hiéu qua hép phu kim loai ndng cta sét kaolin.
Ban chdt cta qua trinh bién tinh thé hién & sy
thay d6i thanh phén hat va gia ting SSA. Thém
vao do, két qua tinh todn mo hinh hip phu da
cho théy sau khi gia nhiét, m6 hinh Langmuir
thich hgp hon so vdi Freulich ciing khéng dinh
qua trinh hdp phu cation cht yéu dién ra trén bé
mit sét kaolin bién tinh*°. Tuy nhién, chua c6
mot nhén dinh théng nhit vé hiéu qua cua giai
phép nay. V6i uu diém ky thuét don gian, chi phi
hop 1y nén van cé thé thit nghiém véi sét kaolin
DNB nhung can két hgp véi cic giai phap bién
tinh khac.

« Giai phdp bién tinh két hgp nhiét va axit/kiém
da chiing t6 hiéu qué cao trong cac nghién ctiu
da cong bs. Tuy nhién, ¢ goc d6 moi trudng,
han ché ctia gidi phap nay 1a st dung héa chét c6
hoat tinh cao nén ciing c6 thé tré thanh ngudn
6 nhiém thu cdp.

o Mot hudng di mdi 1a san xuét vét liéu hdp phu
mdi v6i thanh phén chinh la sét kaolin két hgp
va nano sit nZVI. Vat liéu méi nay c6 thé dugc
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) Sét Kaolin - sinh khoi

Sét Kaolin
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Hinh 5: Qua trinh diéu ché vat liéu hap phu Kaolinit-than sinh hoc %>-%7

san xudt bang phuong phap hoa hoc don gian
va khong yéu cdu ky thuat cao. O giai phap
nay, sét kaolin déng vai tro 1a gid thé ¢§ dinh
nZVI nh¢ d6 hiéu qua xtt Iy kim loai ning dugc
cai thién thong qua kha nang hidp phu tét cua
cac hat nano sit. Thém nita, nZVI c6 thé tai
sinh va tai st dung dan dén tiét kiém chi phi
van hanh. Tuy nhién, diém han ché ctia phuong
phép nay chinh la khong than thién moi trudng
do stt dung cac hoa chét phan ting diéu ché nZVI
dan dén phét sinh ngudn 6 nhiém thi cip khong
mong mudn. Dicbiét, cichat nZVIbam trén bé
mat sét kaolin sau mot thoi gian st dung c6 thé
bong tréc va giy doc tinh cho té bao thuc vat va
dong vat. Hat nZVI ty do c6 thé€ xdAm nhép vao

té€ bao gy can trs hoat dong ciia té bao 707!,

o Tuong tu nhu trén, giai phdp ché tao vat liéu
téng hop bién tinh ti sét kaolin ty nhién va phé
phdm n6ng nghiép dugc xem la trién vong nhat.
Hai thanh phan cta vét liéu hdp phu mdéi nay
déu la nguon vt liéu tu nhién, than thién méi
truong. Ky thuat san xudt vat liéu hip phu ciing
don gian (nghién va nung). C6 thé stt dung hoa
chit NaOH) nhung khong bat budc. Do d6, san
phdm van c6 hiéu quéa hdp phu kim loai t6t dong
thoi ¢6 gid thanh hgp ly hon so véi than hoat
tinh sinh hoc®”.

Toém lai, ham lugng kaolinit trong sét kaolin thanh
phém trén thi trudng ctia khu vic DNB & mtic thép,
chi dat t6i da 50%, trong khi sét kaolin trén thé gii
sti dung dé bién tinh c6 thé 1én dén trén 80% 83840,
Khi dugc st dung lam chat hip phy, khodng vat dam
nhan vai tro chit hp phu chinh trong sét kaolin 1a
kaolinit va do d6 kha ning hp phu ctia sét kaolin phu
thudc trude hét vao ham lugng kaolinit. Do d6, hiéu

qua bién tinh nhiét hodc nhiét két hgp hoa chit cta
sét kaolin mién DNB c6 [é sé gay han ché dén hiéu
qua hdp phu mong mudn. Gidi phdp t6i vu dé€ bién
tinh sét kaolin DNB chinh la két hgp véi cac chit hdp
phu khac nhu nZVI va than sinh hoc d€ c6 thé ning
cao hiéu qua hip phu ma khong phu thudc vao thanh
phén kaolinite thap. Trong trudng hgp nay, sét kaolin
sé phat huy hét uu thé san c6 vita 1a chat hdp phu dong
thoi la gid thé ctia nZVI/ than sinh hoc. DPic biét, giai
phép két hgp sét kaolin va sinh khéi c6 théla gidi phap
uu tién hon do sdn xudt noéng nghiép la thé manh &
khu vuc DNB.

KET LUAN

Sét kaolin khu vic mién Déng Nam b¢ da dugc khai
thac chti yéu lam gém sti, phan bon tuy thudc vao chat
lugng ctia sét. Két qua nghién ctiu da cho thdy tuy
hiéu qua xu ly khong cao nhung véi uu thé 1a nguén
nguyén liéu c6 san, gid thanh hgp Iy nén sét kaolin 1a
chét hp phu ty nhién trién vong. Trong thdi gian téi
can nghién ctiu cac gidi phép bién tinh dé€ ¢ thé ning
cao hiéu qua xt ly ctia vat liéu nay. Hai huéng bién
tinh phtt hop 1a két hgp véi phé phdm ndng nghiép va
nZVI. La mét nude ndong nghiép thi kha nang st dung
phé phdm ndéng nghiép két hop véi sét kaolin sé la mot
giai phap t6i vu dé€ ché tao vat liéu hdp thu co chi phi
hop ly. Bén canh d6, két hgp sét kaolin v6i nano sit
ciing dugc xem la gidi phap kha thi vi hiéu qua hip
phu cao va ky thuit don gian. Tuy nhién, néu ap dung
giai phdp nay cin nghién ctiu thay thé cac hoa chat
trong qua trinh san xudt nZVI bing vat liéu ty nhién
nhdm lam tang tinh thin thién v6i mdi trudng.

LO1 CAM ON

Nghién ctiu nay dugc thuyc hién dudi sy tai trg cta
dé tai nghién ctiu khoa hoc cép Sinh vién cua Trudng
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Dai hoc Tai nguyén va Méi truong TPHCM. Nhom
nghién ctu chan thanh cdm on sy hé trg nhiét tinh
ctia Nguyén Binh An (Truong Dai hoc Téon bic
Théng) trong qua trinh hoan thanh bai viét.

DANH MUC TU VIET TAT

CDW: Lu4t Y té Canada

CEC: kha ning trao d6i cation

DNB: Dong Nam Bo

NHMRC: Héi d6ng Nghién citu Y t€ va Stic khoe quoc
gia

nZVvl: Nano sit héa tri 0

QCVN: Quy chudn Viét Nam

SSA: Dién tich bé mit (specific surface area)

USEPA: Cuc bao vé moéi truong

WHO: T6 chtic y té thé gi6i

XUNG POT LOI iCH

Céc tac gid dam bao ring khong c6 xung dot gitia bat
ky bén nao khéc vé ndi dung ctia bai bao nay.
PONG GOP CUA CAC TACGIA

Xay dung y tudng nghién ctiu: T Thi Cdm Loan,
Hoang Thi Thanh Thiy;

Lya chon phuong phép nghién ctu: Tw Thi Cdm
Loan;

Thu thap, phan tich, xi ly s6 liéu, Viét ban thao bai
bao: T Thi Cdm Loan, Hoang Thi Thanh Thity, Pham
Khénh Huyén;

Chinh stta bai bdo: T Thi Cdm Loan, Hoang Thi
Thanh Thily.

PHU LUC
Phu luc 1 (Bang 3) va Phu luc 2 (Bang 4)
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Bang 3: Xu thé céng bd khoa hoc véi chii dé sét kaolin bién tinh xit Iy 6 nhiém kim loai nang giai doan 2010 -

2020

Nam xuét ban/
Tén bai bao

Link truy cap/Kim loai nghién ctiu

2010
Effect of humic acid on the Cr(VI) adsorption onto Kaolin

Removal of Pb(II) from water using synthesized kaolin sup-

ported nanoscale zero-valent iron

Adsorption of uranium (VI) from aqueous solution on calcined
and acid-activated kaolin

Adsorption of lead, zinc and cadmium ions on polyphosphate-
modified kaolinite clay

Efficiency of natural and acid-activated clays in the removal of
Pb(II) from aqueous solutions

2011
The study of aluminum loss and consequent phase transforma-
tion in heat-treated acid-leached kaolin

Removal of lead from solution by combination of natural
zeolite-kaolin-bentonite as a new low-cost adsorbent

Kaolinite-supported nanoscale zero-valent iron for removal of
Pb2+ from aqueous solution: Reactivity, characterization and
mechanism

Removal of copper ions from aqueous solution by calcium algi-
nate immobilized kaolin

2012

Effect of kaolinite, silica fines and pH on transport of polymer-
modified zero valent iron nano-particles in heterogeneous
porous media

2013

Immobilization and reduction of hexavalent chromium in the
interlayer space of positively charged kaolinites

2014
Cd(II) adsorption from aqueous solution by raw and modified
kaolinite

Behaviour of kaolinite intercalation salts in aqueous chromate
and arsenate solutionscompounds with selected ammonium

https://doi.org/10.1016/j.clay.2010.02.
010

Cr
https://doi.org/10.1016/j.cej.2010.07.0
56

https://www.sciencedirect.com/science
/article/abs/pii/S0169131709002993

U
https://doi.org/10.1016/j.clay.2009.11.
003

Pb, Zn, Ca
https://doi.org/10.1016/j.jhazmat.2010
.02.004

https://www.sciencedirect.com/science
/article/abs/pii/S1044580311000313

Al
https://doi.org/10.1016/j.matchar.2011
.01.017

https://www.sciencedirect.com/science
Jarticle/abs/pii/S0043135411001850

https://doi.org/10.1016/j.watres.2011.0
4.010
Cu

https://doi.org/10.1016/j.jcis.2011.12.0
59

https://doi.org/10.1016/j.jcis.2013.02.0
15
Cr

https://www.sciencedirect.com/science
/article/abs/pii/S0169131713004389
Cd
https://doi.org/10.1016/j.clay.2013.12.
021

Cr, As

Continued on next page
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Table 3 continued

Removal of Cr(VI) from aqueous solution by surfactant-
modified kaolinite

Synthesis, characterization and aging study of kaolinite-
supported zero-valent iron nanoparticles and its application for
Ni(II) adsorption

Removal of co-contaminants Cu (II) and nitrate from aqueous
solution using kaolin-Fe/Ni nanoparticles

2015
Ceramic membrane based on TiO2-modified kaolinite as a low
cost material for water filtration

Di- and triethanolamine grafted kaolinites of different structural
order as adsorbents of heavy metals

Comprehensive study on the removal of chromate from aqueous
solution by synthesized kaolin supported nanoscale zero-valent
iron

2016

Equilibrium, kinetic and thermodynamic studies of Pb(II) ad-
sorption from aqueous solutions on HCl-treated Egyptian kaolin

Mussel inspired preparation of amine-functionalized Kaolin for
effective removal of heavy metal ions

Adsorption Study of Some Heavy Metal Ions on Modified Kaoli-
nite Clay

Enhanced Removal of Pb2+, Cu2+, and Cd2+ by Amino-
Functionalized Magnetite/Kaolin Clay

2017
Improved sodium adsorption by modified kaolinite at high tem-
perature using intercalation-exfoliation method

Efficiency and mechanism of stabilization/solidification of
Pb(II), Cd(II), Cu(II), Th(IV) and U(VI) in metakaolin based
geopolymers

Metakaolin based geopolymer as an effective adsorbent for ad-
sorption of zinc(I) and nickel(II) ions from aqueous solutions

Response surface approach for optimization of Hg(II) adsorp-
tion by 3-mercaptopropyl trimethoxysilane-modified kaolin
minerals from aqueous solution

Adsorption of Manganese (MnlI) from aqueous solutions by us-
ing modified Kaoline-surfactan as adsorbent

https://www.sciencedirect.com/science
/article/abs/pii/S1226086X1300600X?v
ia%3Dihub

Cr
https://doi.org/10.1016/j.jiec.2013.11.0
38

Ni
https://www.sciencedirect.com/science
/article/abs/pii/S13858947140006552vi
a%3Dihub

Cu

https://doi.org/10.1016/j.cej.2014.01.0
40

Fe, Mn
https://doi.org/10.1016/j.jcis.2015.05.0
27

Cd, Zn, Pb, Cu
https://doi.org/10.1080/19443994.2014
.1002430

Cr

https://www.sciencedirect.com/science
/article/abs/pii/S2213343716300495

https://doi.org/10.1016/j.jece.2016.02.0
05

Cu
https://doi.org/10.1039/c2cp40093f
Hg, Pb, Cd
https://doi.org/10.1021/acs.iecr.6b006
57

Pb, Cu, Cd

https://doi.org/10.1016/j.fuel.2016.11.0
67

Na
https://doi.org/10.1016/j.clay.2017.02.
003

Pb, Cd, Cu, Th, U
https://doi.org/10.1016/j.clay.2017.01.
008

Zn, Ni
https://doi.org/10.1007/s11814-017-01
16-z

Hg
http://ojs.pnb.ac.id/index.php/Proceed
ings/article/view/970

Mn

S1187
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Table 3 continued

Enhanced Sorption of Trivalent Chromium unto Novel Cassava
Peel Modified Kaolinite Clay

2018

Removal of chromium(VT) and zinc(II) from aqueous solution
using kaolin-supported bacterial biofilms of Gram-negative E.
coli and Gram-positive Staphylococcus epidermidis
Enhancement of the adsorption capacity of Fe-clay by bioleach-
ing and activation of Fe sites

Preparation, characterization and physicochemical study of 3-
amino propyl trimethoxy silane-modified kaolinite for Pb(II)
adsorption

Enhanced adsorption of potassium nitrate with potassium
cation on H3PO4 modified kaolinite and nitrate anion into Mg-
Al layered double hydroxide

Study on the performance of metakaolin based geopolymer for
Mn(II) and Co(II) removal

Removal of heavy metal ions from wastewater by combined
modified kaolin

2019

Performance evaluation of surfactant modified kaolin clay in
As(IIT) and As(V) adsorption from groundwater: adsorption ki-
netics, isotherms and thermodynamics

Potential of using kaolin as a natural adsorbent for the removal
of pollutants from tannery wastewater

Synthesis of zerovalent iron from water treatment residue as a
conjugate with kaolin and its application for vanadium removal

A low cost hydrophobic kaolin hollow fiber membrane (h-
KHFM) for arsenic removal from aqueous solution via direct
contact membrane distillation

Correlations between the sodium adsorption capacity and the
thermal behavior of modified kaolinite during the combustion
of Zhundong coal

Investigation of potassium vapor time-resolved adsorption and
potassium-sodium competitive adsorption by modified kaolin-
ite

Enhanced sodium adsorption capacity of kaolinite using a
combined method of thermal pre-activation and intercalation-
exfoliation: Alleviating the problems of slagging and fouling
during the combustion of Zhundong coal

Facile conversion of kaolinite into clay nanotubes (KNTs) of
enhanced adsorption properties for toxic heavy metals (Zn2+,
Cd2+, Pb2+, and Cr6+) from water

https://www.derpharmachemica.com/
abstract/enhanced-sorption-of-trivale
nt-chromium-unto-novel-cassava-peel
-modified-kaolinite-clay-12165.html
Cr

https://doi.org/10.1016/j.serj.2018.04.0
02

Cr, Zn
https://doi.org/10.1016/j.clay.2018.06.
031

Fe
https://doi.org/10.1016/].jksus.2017.04.
006

https://doi.org/10.1016/j.clay.2017.12.
040

K
https://doi.org/10.1016/j.clay.2018.04.
027

Mn, Co
https://www.cabdirect.org/cabdirect/a
bstract/20183271931

Pb, Cd

https://doi.org/10.1016/j.heliyon.2019.
€02756

As
https://doi.org/10.1016/j.heliyon.2019.
€02923

Cr, Cd, Zn
https://doi.org/10.1016/j.jhazmat.2019
.04.056

\Y%
https://doi.org/10.1016/j.seppur.2018.
04.025

As
https://doi.org/10.1016/j.fuel.2018.09.1
21

Na
https://doi.org/10.1016/j.fuel.2019.116
124

K
https://doi.org/10.1016/j.fuel.2018.11.0
18

Na

https://doi.org/10.1016/j.jhazmat.2019
.04.047
Zn, Cd, Pb, Cr

Continued on next page
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Table 3 continued

Preparation, characterization and utilization of polyacrylic acid—
kaolin composite in the removal of heavy metals from water

Remediation of heavy metal Pb (II) in aqueous solution using
Kaolin-supported nano iron

Uptake of As(V) from Groundwater Using Fe-Mn Oxides Mod-
ified Kaolin Clay: Physicochemical Characterization and Ad-
sorption Data Modeling

Removal of As(IIT) from Synthetic Groundwater Using Fe-Mn
Bimetal Modified Kaolin Clay: Adsorption Kinetics, Isotherm
and Thermodynamics Studies

Nghién ctiu Ging dung sét kaolin lam vat liéu hdp phu Mangan
trong nudc

2020
Improved simultaneous adsorption of Cu(II) and Cr(VI) of or-
ganic modified metakaolin-based geopolymer

TIO2-Kaolinite Nanocomposite Prepared from the Jordanian
Kaolin Clay: Adsorption and Thermodynamics of Pb(II) and
Cd(II) Ions in Aqueous Solution

The role of kaolin and kaolin/ZnO nanoadsorbents in adsorption
studies for tannery wastewater treatment

Preparation of cationic surfactant-modified kaolin for enhanced
adsorption of hexavalent chromium from aqueous solution

Removal  of
Fe304/Kaolin:
with Response Surface Methodology

Hg2+  with
Synthesis, Performance and Optimization

Polypyrrole-Functionalized

Thermal and hydrothermal alkaline modification of kaolin for
the adsorptive removal of lead(II) ions from aqueous solution

PbCI2 Capture by Kaolin and Metakaolin under Different Influ-
encing Factors of Thermal Treatment

Development of cost-effective and eco-friendly adsorbent by di-
rect physical activation of Tanzanian Malangali kaolinite for ef-
ficient removal of heavy metals

Effect of Kaolin particle size on the removal of Pb(II) from aque-
ous solutions by Kaolin-supported nanoscale zero-valent iron

Adsorption of heavy metal from industrial wastewater onto low-
cost Malaysian kaolin clay-based adsorbent

Nghién cttu ting dung sét kaolin va vo tréu lam vt liéu loc nuGe
duéi dat nhiém Mangan

https://doi.org/10.1007/s13762-018-20
67-2

Ni
https://doi.org/10.1088/2053-1591/ab5
25b

https://doi.org/10.3390/w11061245
As

https://doi.org/10.1007/s40710-019-00
397-4

As
https://doi.org/10.15625/vap.2019.000
101

Mn

https://doi.org/10.1016/j.arabjc.2020.0
1.001

Cu, Cr
https://papers.ssrn.com/sol3/papers.cf
mZ?abstract_id=3553806

Pb, Cd
https://doi.org/10.1038/s41598-020-69
808-z

Cr, Fe
https://doi.org/10.1007/s13201-019-11
2ll=7

Cr
https://doi.org/10.3390/n1ano10071370
Hg

https://doi.org/10.1007/s42452-020-26
21-7

https://doi.org/10.1021/acs.energyfuels
.9b03217

https://doi.org/10.1016/j.matpr.2020.0
6.469

Co, Pb
https://doi.org/10.1088/2053-1591/ab8
3a3

https://doi.org/10.1007/s11356-020-07
755-y

Ni
https://doi.org/10.36335/VNJHM.2020
(712).17-22

Mn
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Bang 4: Hiéu qua xtr ly kim loai tuong (ing véi cac phuong phap bién tinh sét kaolin

Phuong phap bién tinh Vat liéu/ CEC SSA Moi truong xtily  Kimloai  Hiéuqua  Motadiéukiénhdpphu Tai liéu
Qudc gia (%) (%) xu ly KLN tham
khao
Hiéu suét
(%)“
Langmuir
(mg/g)®
Freudlich
(mg/g)¢
Bién tinh bang gia nhiét
Nhiét Sét Kaolin BS4 (+) 41.7 Fabbrit va
550, 650, 750, 850 °C Kaolinite 82% (+) 52.8 cong  su,
t=2h (+) 56.1 20133°
(+) 28.9
Nhiét Sét Kaolin CAO110 (-)12.1 Fabbrit va
550, 650, 750, 850 °C Kaolinite 67% (-) 8.6 cong  su,
t=2h (-)5.2 201373¢
(-) 6.9
Nhiét Sét Kaolin BAL-CO (-)11.6 Fabbrit va
550, 650, 750, 850 °C Kaolinite 89% (-)94 cong s,
t=2h () 6.1 20133°
(-)13.3
Nhiét + 7,08 Melo va
600 °C cong  su,
t=8h 2010%7
Nhiét Sét kaolin (+) 5,53 Nudc dudi dat Cd 99.39¢ t=2 gio, pH=6, kho6i Malima
300°C Malangali ndm & vung Iringa, lugng sét =0,6g va cong
t=5 gid phia nam- cao nguyén Tanza- sy, 201038

nia

Continued on next page
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Table 4 continued

Nhiét
300°C
t=5 gio

Sét kaolin
Malangali ndm & vung Iringa,
phia nam- cao nguyén Tanza-

nia

Bién tinh bang axit két hgp véi gia nhiét

H,SO4 6M 675 °C trong 4
gio

H,SO4 6M 675 °C trong 4
gio

HpSO4 0,25M trong 3 gio
- Nung & 500 °C trong 10
gio

H,SO4 0,25M trong 3 gic
- Nung & 500 °C trong 10
gio

Thanh phén hoéa hoc cua sét
xanh: SiOp 60,27%; Al,Oj3
22,35%; SO3: 0,27%; K,0
2,68%; Cl 0,02%; MgO 4,81%;
CaO 1,13%; Fe, O3 7,89%.

- Jebel Tejera-Esghira ctia khu
vic Medenine (Péng Nam
Tunisia)

Thanh phén héa hoc cta sét :
Si0; 53,86%; Al,O3 24,29%;
SO3 0,27%; K20 2,32%; Cl
0,03%; MgO 3.27%; CaO
0,66%; Fe203 12,15%.

- Jebel Tejera-Esghira ctia khu
vic Medenine (Péng Nam
Tunisia)

Kaolin Columbia

Kaolin Columbia

(+) 7,96

(+) 7,96

(+) 5,53

(+) 55,56

(+) 80

(+) 310,5

(+) 310,5

Nudc dudi dat

Mau nuéc bo
sung Pb  dudi
dang Pb(NO3),

Maiu nudc bé sung
Pb (II) duéi dang
Pb(NO3),

Mau nuée bé sung
Cr(VI) duéi dang
K2 Crz 07

Maiu nude b6 sung
Cd duéi dang Cd
(NO3)2,4H,0

Co

Pb (II)

Pb (II)

Cr (VI)

Cd

95.52¢

657
40,75°
3,330¢

27,157
3,237¢

13,9%
1,5

11,4%
0,8¢

t=2 gid, pH=6, khéi
lugng sét =0,6g

Mo hinh dang mé
- biéu kién t6i uu: pH
7,0, t: 1gio

M6 hinh dang mé
- biéu kién t6i uu: pH
7,0, t: 1gid

Co: 50mg/L,
- Thoi gian hdp phu dat
can bang: 4 gio, pH: 7,0

Cop: 50mg/L,
- Thoi gian hdp phu dat
can bang: 4 gio, pH: 7,0

Malima
va cong
sy, 201038

Eloussaief
va cong
su, 20103

Eloussaief
va cong
su,2010%°

Bhattacharyy
and

Gupta.,
200622
Bhattacharyy
KG and
Gupta SS.,
200740

Continued on next page

66LIS-9L LIS (ZIS)S ‘buoniy 19\ PA 3PP Ip11 26y DoY) - dybu bug) DA X6y DoY) UL} IDYJ Jy> db )



¢6LIS

Table 4 continued

H,SO4 dd, ¢ 95°C trong 4

gid, ap sudt khi quyén
Nung 500 °C trong 2 gio

Kaolinit (f < 106 pm)

Si0y (Si) 1571%; Al203
18,55%; CaCO3 25,21%;
Malaysia

Bién tinh bang vét liéu nanoZVI

nZVI chiém 20%

Kaolin-China
88% Kaolinit, 12% thach anh

(+) 84,58

(+) 84,58

(+) 611%

Nud6c thai cong
nghiép

Nudc thai ma dién

Cu

77,474
42,02°

68,324
40.657

96.7¢

Lugng Kaolin bién tinh
axit: 0,1 g; Cp: 100 mg/L

Theoi gian tiép xic: 60
phut & pH 7,0

- Kha néng hip phu t6i
da: 41,1099 mg/g
Lugng Kaolin bién tinh
axit: 0,1 g; Cp: 100 mg/L

Thoi gian hdp phu: 60
phut 6 pH 7,0

- Kha nang hép phu t6i
da:39,6238 mg/g

Hiéu qua xt ly kém khi
pH<3 va t6i vu khi pH
5-6. - Hiéu qua xt ly tu
98.9% xu6ng 44% khi c6
mit 2.5 mol L-1 Na+ do
su canh tranh véi Pb2+
vé cac vi tri hoat dong
trén bé méat K-nZVI1.

- Tai st dung 5 1an ti
gan 100% con 20% tai
lan thi 5.

Chai va
cong  su,
202041
Chai va
cong  su,
202041
Zhang va
cong  su,
2010%7

Continued on next page
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Table 4 continued

nZVI1
nZVI-kaoll = 1:1
nZVI-kaol5 = 0.5 :1

nZVI chiém 40%

nZVI chiém 20%

nano Fe/Ni

Kaolinit
Thach anh

Kaolin - Trung Qudc

Kaolin - Trung Qudc

Kaolin - Trung Qudc

(+) 43%
(+) 3%

(+) 180%

(-) 18.9%

Nudc thai

Nudc thai

Nudc thai

Nudc thai

Co, Cu

Cr

Cu

Kaoll:
Co%t 25b
va Cu?t:
140”
Kaol5:
Co?t:
23 va
Cu2+:
320

1004

99.734
33.39%
24.46¢

99.7¢

0.05g K-nZV1

pH=5, dose = I1g/L,
T=16 tiéng, [Pb?T]=50
- 150 mg/L.

Hiéu qua giam 100%
xuéng 33% khi [Pb>*]
tang tif 50 lén 350mg/L.
0.1g K-nZVI
(SSA=17.54 m2g-1),
318K [Cr®t]=50mg/L,
T=12 tiéng.

- Hiéu qua giam 99.73%
xuéng 49.36 khi pH
tang tit 3 dén 10.

- 2g Kaolin tron
lg Fe va 0.1 g Nij,
[Cu®*]=200mg/L, T=30
phut.

Uzum va
cong  su,
20090

Yu va
cong s,
201940

Wang va
cong  su,
2014°°

Cai va
cong  su,
2014°!

Continued on next page
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Table 4 continued

nZVI1

nZVI

Kaolin - Trung Qudc

Kaolin - Trung Qudc
80% Kaolinite va 20% thach
anh

Sét kaolin két hgp phé phdm nong nghiép

Tron Kaolin + va san (f hat:
100 - 50044m)

Phoi hon hgp 1 tuldn, sdy
70 °C trong 2 gio

- Nghién thanh bot c6 fhat:
100 - 5001m

Ty 1& sét kaolin:Vo tréu
(75:25)% theo khoi lugng)

100g hén hop sét va vo
trdu tao vatliéuloc c6 dang
chén bé day thanh chén:
lcm

- Nung 900 °C trong 3 gi¢

K- Aloji & Bang Kogi, Nigeria
+ Sin

Kaolin 6 mo6 Pat Cudc, huyén
Bic Tan Uyén, tinh Binh
Duong, Viét Nam

(-) 28%

(+) 1119%

Nudc thai

Moi trudng nudc

Miu nu6c bd
sung Cr duéi dang
CI‘(NO3)2.9H20

Nudéc duéi
dit b6 sung
Mn(II) duéi dang
MnSO4.H,O

Ni

Cr (III)

Mn (II)

98¢ (2.3
m)

919 (45
m)

26.32°
7.72¢

156,7°
8,26°

844

- 0.1g Kaolin (2.3
hodc 45 m), pH = 6,
[Pb2*+]=200mg/L, T=16
tiéng

0.5g K-nZVI, pH=5,
T=90 phut

- Tai st dung 6 14n, hiéu
qua con 81% tai lan thi
6

Kich thuéc hat: 100um
Co: 375 mg/L

- Diéu kién t6i uu: pH:
5,0, t: 2 gid

Kich thudéc hat <
250pm

Co: 5,0 = 0,5 mg/L

- Dbiéu kién xt ly
téi uuw: pH: 6,0 7,0
66,7ml/gi¢/100g vat liéu
hap phy

Li va cong
su, 202048

Kim va
cong  su,
2012%°

Akpomie
KG va
cong  su,
201764

Loan va
cong  su,
20199°

Continued on next page

66LIS-9L LIS (ZIS)S ‘buoniy 19\ PA 3PP Ip11 26y DoY) - dybu bug) DA X6y DoY) UL} IDYJ Jy> db )



S6LIS

Table 4 continued

Ty 1é& sét kaolin:Vo trdu
(60:40)% theo khoi lugng)
1.000g hon hop sét va vo
trdu tao vatliéuloc c6 dang
chdu: H: 12cm, fmiéng:
15cm, fddy: 10cm, bé day
thanh chau: 1cm

- Nung & 1.000 °C trong 3
gio

Nghién 16i ngd (corncob)
thanh bot.

Ty 1¢ sét kaolinit : 16i ngd
(50:50)% theo trong lugng.

- Phoi kho, nghién thanh
bot va nung & 300 °C

Tylé sét kaolinit : hat du du
(50:50)% theo khoi lugng.
- Tron 200ml NaOH 0,1 M,
khufly va déyén 3 ngay. Siy
khé ¢ 105 °C va nung 6 300
°C trong 6 gi¢

Kaolin § mo6 Pat Cudc, huyén
Bic Tan Uyén, tinh Binh
Duong, Viét Nam

Kaolinit & Aloji bang Kogi,
Nigeria + 16i ngo6

Kaolinit & Nigeria + hat du du
Carica

(+)
2795.8

(+) 108

(-) 55

Nudc duéi
dit b6 sung
Mn(II) duéi dang
MnSO4.H,O

Mau nudc b6 sung

M?iu nudc b6 sung

Mn (II)

Cd

Cd

92,64

98.174
23,30
95.83¢4
21.7°

5.047
0.98”
1.87%

Kich thudc hat <
250pm

Co: 5,0 £ 0,5 mg/L

- biéu kién xu ly

téi uuw: pH: 6,0 ,7,0
1.180ml/gi5¢/1.000g vat
liéu hip phu

biéu kién t6i uu: C
= 200mg/L; pH= 8; liéu
lugng chat hap phu: 2,5¢g
va t = 30 phut

Liéu lugng chét hip phu:
lg

CO = lmg/ IL

-pH=5

Loan va
cong  su,
202098

Helen O.
Chukwuemek
Okorie va
cong  su,
20187

Emmanuel
L
Unuabonah
va cong
su, 2013 %0
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A review on the modification techniques to enhance the heavy
metals sorption capacity of kaolin clay from south east Vietnam

Tu Thi Cam Loan”, Hoang Thi Thanh,, Pham Khanh Huyen
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For decades, adsorption has been proved to be the best process of contaminated water treatment
because of its simplicity and lower costs as compared to other traditional technologies. Clay min-
erals are promising natural adsorbents for removing many pollutants such as heavy metals, organic
and biological pollutants. Kaolin, which composed of kaolinite and has layered structure. This
clay is dominant in South East Vietnam, which is why research about its usage in heavy metal ad-
sorption is important. But due to the lower cation exchange capacity and surface area so it is not
widely used. However, natural kaolin can be easily modified to improve their surface properties
(e.g., surface area, charge) and consequently increase the adsorption capacity and a wide range
of other applicability. In order to improve kaolin's sorption capacity, many modification methods
were tested such as thermal modification, acid activation, and/or novel clay composites. Kaolin,
both in its natural and modified forms, effectively removes various heavy metals from aqueous so-
lution, as extensively discussed in this review. This detailed review compiles thorough literature of
current research over the last twenty years (2000-2020) and highlights the key findings of modi-
fications of kaolin that were done to enhance its sorbent capacity. The effect of the experimental
conditions on the adsorption capacity is also appraised. It will also evaluate the adsorption mech-
anisms, structures, and adsorptive characteristics of natural and modified clay. Furthermore, the
adsorption efficiencies and identify the feasibility to widespread uptake of the technology in South
East Vietnam are included. It revealed that agricultural waste and nano zero-valent iron modified
kaolin is applicable for kaolin from South East Vietnam.

T khoa: Kaolin, chemical modification, thermal modification, agricultural waste, nano zero valent
iron, heavy metal, adsorbent, pollution treatment
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