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Tém tit: Vermiculit (VER) 12 loai khodng sét c6 trit lwong ddi dao, gid thanh thép va than thién
v&i mdi truong. Tuy nhién, kha nang hip phu kim loai ning va céc chét hitu co ciia né rét thap. Dé
nang cao kha ning hip phu kim loai ning cua VER, rit nhidu nghién ctru da st dung cdc phuong
phdp bién tinh khac nhau dé cai thién céc tinh chat cta dat sét nhu kich thudc 16 x5p, dién tich bé
mat riéng, d¢ chiu nhi¢t va hoat tinh héa hoc. Bai bdo nay trinh bay két qud viéc st dung
dimercaprol (BAL) dé bién tinh vermiculit. Két qua cho thdy sy hap phu Hg** t6i da ciia n6 ting tir
1,75 1én 9,63 mg.g" sau khi stra d6i. Thoi gian hdp phu bdo hoa trong khoang 300 phit va ty 1&
hép thu cia BAL-VER 16n hon so véi VER. Sy gia ting cua nhiét do trong dung dich c6 tic dong
nhé dén hép phu va qua trmh hap phu la phan ung toa nhi¢t tu phat. Qua phan tich dir liéu thi
nghiém, co ché hip phu cha yéu 1a trao ddi ion, hap phu tinh dién va co ché chan (interception).

Tir khéa: Vermiculit; hip phu; thily ngan; cai tinh; dimercaprol.

1. Pit van dé

Ké tir khi cong nghlep thuy ngén va cac horp
chit ctia né dugc sir dung rong rai trong céc
nganh luyén kim, khai théc vang va cdc nganh
cong nghiép khdc nhu y té, dién dan dung...,
chat thai thiy ngan da trd thanh mdi nguy hal
dac biét nghi€ém trong cho strc khoe con nguoi
boi doc to cua no, viéc tim ra loai vat li¢u ré
tién, cé san dé hap phu thuy ngin 1a mét trong
nhitng hudéng duoc uu ti€n nghién ctu trong
nganh vat liéu moi trudng ndi chung va xu 1y 6
nhiém nudc néi riéng.

Vermiculit la mot loai khoang chat ty nhién
c6 trit lwong 16n trén thé glO’l gid thanh re, co
nhitng dic tinh c6 loi cho viéc bién tinh cu
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tric, VER ty nhién c6 kha nang hap phu kim
loai nang Hg trong nudc thap, dé ning cao kha
ning hap phu kim loai Hg trong nudc cua VER,
bai bdo nay di vao nghién ctru su dung thuoc
blen tinh Dimercaprol (C;Hs0S;) dé bién d6i
céu triic tinh thé, tinh chat vat 1y, héa hoc cua
khoang sét VER theo huorng nang cao kha nang
hap phu kim loai Hg ctia VER trong nudc.

Vermiculit do nhom khoang chit ngam
nuge silicat nhom- sit- magle tao thanh 16p,
gidng nhu mica trong, cong thirc héa hoc la
ng(HZO){Mgg {AlISi050;9](OH),}, cAu tao co
ban cua tinh thé vermiculit nhu Hinh 1.

Vermiculit dugc dung lam chat cai tao dat
lam chit mang trong san xudt phan bén, thude
trir sau, diét co, ché tao nguyén lidu c6 tinh
nang hap phu phuc vu céc nganh cong nghiép
va bao v¢€ moi truong. Cac nude c6 san lugng
khai thic vermiculit hang dau thé gidi 1a Ai
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Cap, An Do, Otxtraylia, Braxin, My, Lién Bang
Nga, Nam Phi, Trung Qudc, Zumbabué. Theo
thong ké cua Cuc Piéu tra bia chét My (2007),
san lugng khai thac vermiculit cua cac nude
nam 2004 khoang 510 nghin tan, nim 2005
khoang 516 nghin tan va nam 2006 khoang 513
nghin tan [1]. Trén lanh tho Viét Nam bude dau
da phat hién dugc mot s6 khu vuc c6 vermiculit
nhu: Phé Rang-Biao Ha, va Son Thuy—Tan
Thuong (Lao Cai); Hoa Cudng Minh Quén va

Peo Méau A (Yén Bii); Vinh Tién-Pong Ciru
(Phi Tho); Mang Go6i-Nudc Oai-Xa Canh
(Binh Dinh); Béo Viholak-Bo Leng va Mang
Ll‘mg -Nude Nhu (Quang Ngii) [2, 3, 4, 5]. Két
qua nghién ctru budc dau di chirng minh
vermiculit Viét Nam c6 tinh kha tuyen va cé
chat luong ddp ung yeu cau lam nguyen liéu
phuc vu san xuat trong céc linh vuc ndbng nghiép,

cong nghiép va xtr 1y bdo vé mdi truong.

V' «— Lop bt dién

Hinh 1. CAu trdc tinh thé cta khodng VER.

2. Thyc nghiém
2.1. Phan thi nghiém

a. Héa chat

Céc vat ligu sau dugc mua tai Trung Qudc
bao gom: Khoang sét Vermiculit (VER) kha
nang trao dbi cation (CEC) 1a 85.5 mmol/100 g,

thuéc bién tinh Dimercaprol (C;H;0S,),
CH;CH,OH, HgCl,, NaOH, HCl,
HNO3,K2CT207 .

b. Thiét bi dung trong thi nghiém

Ciéc thiét bi diing trong thi nghiém bao gom:

Tén mdy S0 hiéu Noi sdn xuat
Tu say DHG-9023A Trung Quoc
May khuay DF-101S Trung Qudc
My li tim HC-308 Trung Qudc
May do pH PHS-3C Trung Qubc
Can tiéu li dién tu CP1104 Trung Qudc
May lic nhiét ky thuat s6 SHA-B Trung Qubc
My phan tich nhiéu xa tia X (XRD) D/max-111 burc

May do dién thé Zeta Nano ZS buc

Mady do duong kinh 15 va dién tich bé mat (BET) ASAP 2020 My

Kinh hién vi dién ta quét (SEM) S-3200N Nhat

Mady hong ngoai quang phd (FTIR) 1725X My

May phan tich nhié¢t TGA/DSC SDT Q600 My

Mady nguyén tir phd huynh quang XGY-1011A Nhit
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2.2. Phuong phdp bién tinh vermiculit

Nghlén vermiculit cho qua sang ludi kich
thude 16 200, cho100 ml ethanol khan vao 5 g
vermiculit d xay tron déu sau d6 siéu 4m trong
10 phit ¢ nhiét do 60 °C, sau d6 thém
Dimercaprol (BAL) vao hon horp véi ty 1€ CEC
(npaL: Mygr = 2,565 mmol £ ) hon horp duoc
diéu chinh pH =1, dung thiét bi hoi luu & 80 ic
trong 20 h, san phim sau dd dugce ly thm va rira
sach bang ethanol khan 6 lan. Chét rén sau khi
li tim duogc sdy kho trong 10 6 60 °C , sang qua
mot ray ludi 200, niém phong. San pham cuoi
cung dat tén 1a BAL-VER.

2.3. Thi nghiém hdp phu

Sau khi pha ché dung dich ion thuy ngan,
cho 25 mL dung dich thuy ngan vao ong ly tim
loai 50mL, diéu chinh nong dé pH tr 4,5-5
bang dung dich HNO; va NaOH 0,1M, dung
dich sau khi diéu chinh pH tién hanh cho 0 ,05g
BAL-VER vao, hdn hop duogc bao boc tuyet doi
kin dé tranh bay hoi, cho 6ng vao méy lic va
diéu khién téc d6 nim & 4000 vong/phut trong
thoi gian 5 phit, qua mdy li tdm trong thoi gian
10 phiit, san pham sau d6 ding kim tiém ldy
dung dich ra dé qua mang loc kich thudc
0,45nm, dung dich nay duoc mang di xac dinh
ndéng d6 Hg™ bing mdy nguyén tu phd huynh
quang. Trong thi nghlem da tién hanh khao sat
anh huong cua céc yeu t6 nhu: ndng d6 pH tir
1-10, thoi gian hap phu tir 5 phut - 24 gi0, nhiét
d6 tir 30 - 60, thay d6i ndng do chat 6 nhiém tir

1-100 mg: L', luorng thuéc hdp phu 2 gL
Nong do ion Hg trong dung dich dugc tinh
theo cong thirc sau:

q =(Co-C;)-V/m

Y=100-(C,-C,)/C,

Trong do: Cq la noéng d6 Hg™ ban dau
(mg-L™") ; C 12 nong do Hg2+sau khi da bi hap
phu theo thoi 2glan t(mg-L7); Vlia the tich cua

dung dich Hg™ (L) ; m la lugng thuoc hap phu
(g) ; Y laty1é phan tram Hg”* bi hap phu (%).

3. Két qua va thao luan
3.1. Biéu trung vat liéu

Phan tich nhiéu xa tia X (XRD)

Két qua phén tich nhidu xa tia X dugc trinh
bay ¢ Hinh 2, dinh dac trung ctia vermiculit gbe
xuat hi¢n ¢ 6.15° tai doo; = 1,44 nm [6-7], d1nh
nhon, bén canh d6 c¢6 mot sé dinh nhidu Xxa yéu
khéc dai dién cho lugng nho cdc tap chat khic
trong khodng vermiculit gbc ban dau [8]. Sau
khi qua bién tinh boi BAL thi BAL-VER hau
nhu khong c6 su khdc biét dang ké, su thay do6i
khoang cdch gitra hai lop l1a khong dang ke, chi
¢6 cudng do nhiéu xa & céc dinh tang 1én, cho
thay rang cau triic tinh thé Ve co ban khong thay
d01 sau khi da duoc sua dbi, diéu nay chu:ng to
chat blen tinh BAL khong xen vao gitra céc 16p
ma chi hip phu trén bé mat khodng VER.

1.45nm

1.44nm

\J BAL-VER

T T T
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26 O

Hinh 2. Pho XRD cta VER va BAL-VER.
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Hinh 3. Quang phd hong ngoai ctia VER va BAL.

Phén tich quang phé hong ngoai Fourier
(FTIR)

Két qua phan tich duoc the hién ¢ Hinh 3
Nhin vao hinh cho thdy dinh hap thu 3718 cm
cha yéu do nhitng dao dong co gidn cua lién ket
O-H trong nhém Si-OH géy ra, dinh 3414 cm™
dai dién cho rung dong co dudi cia nhém —OH
trong ket cAu mdt t&r dién cua VER [9], dinh
1645 cm™ do anh huéng dao dong ubn cong cua
nhém —OH trong IOP nudc hap phu cua VER
[6-9], vi trf 999 cm™ chu yeu do dao dong co
du01 cua Si-O trong 16p t1nh thé VER. Céc dinh
hap phu 730, 685, 471 cm’ ! thudc vé dao dong
udn cong va bién dang cua nhém Si-O [10-11].
So voi pho VER thi phd sau bién tinh BAL-
VER c6 dinh phd hong ngoai khong thay dbi

nhiéu, diéu d6 cho thiy bd khung ciu tric cla
vermiculite khong thay dm Tuy nhién BAL-
VER ¢6 mdt dinh mdi )‘(uat hién & vi tri 1427
cm’, dinh nay thuéc vé dao dong bién dang
hoac dao dong co dudi cua —-CH, trong BAL
[12-13], didu nay chung t6 thude bién tinh BAL
da két hop thanh cong trén khodng VER.

Phan tich SEM

Két qua phén tich SEM duoc thé hién trén
Hinh 4, khoéng VER trude va sau khi bién tinh
dugc qua kinh hlen vi phong dai 1én 10.000 lan,
két qua cho thay truéc va sau bién tinh khong
c6 nhiéu thay d6i 15 rang, tuy nhién sau khi
blen tinh be mdt BAL-VER xuét hi¢n twong dbi
nhiéu két ciu 14t mong, két cau chit ché hon.

Hinh 4. Phéng dai dién tir SEM ciia VER (a) va BAL-VER (b).
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Hinh 5. Phan tich nhiét cia VER(a) va BAL-VER(b).

Phan tich TG-DSC

Hinh 5 (a), ¢ nhi€t d6 trong khoang tir 50-
150 °C, ty 1€ trong lugng mat khoang 4,2%, chu
yéu la mat nuéc & 16p nuge hap phu cia VER,
& 125 °C ¢6 mot dinh hip thy 1o rang. Tai
khoang gitra 200 °C -500 °C khong c6 hi€u trng
nhi¢t ddng ké, trong khoang 500-850 °C ty 1é
ton that trong luong khoang 1,9%, chu yéu la
do sy thoat hoi nudc trong nhém OH. Khoang
850-900 °C giam trong lugng do khoédng chat bj
d6t chdy. Trong hinh (b), sy mét trong luong
cia BAL-VER va VER hau nhu khong c6 sy
khac biét, gilra cdc duorng cong thu nhi¢t khong
thay doi. Dleu nay gian ti€p cho thay BAL hap
phu trén bé mat cua chat khoang ma khong vao
s@u trong céc 16p két cau cua VER, hon ntta do
luong thudc bién tinh chlem ty 1¢ rit nho nén
khong c6 sy thay d6i dang ké trong TGA.

Phan tich thé dién dong Zeta

Trong Hinh 6 la xu thé thay ddi cta thé dién
dong khi thay d01 gid tri pH khdc nhau, vat li¢u
trudc va sau bién tinh déu c6 gia tri Am dién
trén toan by pham vi thay doi pH dleu nay
chimg t6 bé mat hai loai vat liéu nay déu mang
dién tich am. Khi pH >8, cung VOl sy tang 1én
cua gid tri pH thi di¢n tich am bé mat cua nd
cling tang lén ddng ke nhung kha nang hap phu
trong di€u ki¢n kiém cua vermiculit giam
xuodng. Dleu nay cho thdy rang trong diéu kién
kiém, hap phu dién tich khong con dong vai tro
chu dao. Ngoai ra, khi g1a tri pH & gid tri 5-6 thi
dién tich 4m bé mit c6 gid tri rat 16n, qua xem
xét cdc didu kién van hanh thyc té va diéu kién
thi nghiém & muc 3.2.a, tic giad lya chon gia tri
pH & khoang 5-6 cho céc thi nghiém khao sat sy
anh huéng vé nong do chat 6 nhlem nhi¢t do mdi
truong, thoi gian hap phy, lugng chat hip phu...

-204

-30 4

Zeta Potential (mV)

40

-50

—a— VER
—e— BAL-VER

Hinh 6. Phan tich thé dién dong cua VER va BAL-VER.
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3.2. Két qua thi nghiém hdp phu

Anh hieéng ciia nong dg pH

}ﬁnh 7 cho thay, VER sau khi bién tinh kha
ning hap phu Hg tang 1én rat 16m (tr 10% tang
len 98%) khi g1a tri pH thdp thi sy hap phu
Hg®* ciing bi tc ché boi sy canh tranh giita
protons (HY), hydronlum (H,07) va Hg2+, hon
nita nhém chirc Thiol cua BAL trén VER s€ bi
chuyen d6i thanh mot dang proton héa lam han
che kha néng tao phuc cta né do luc tinh dién,
diéu nay da dugc minh chung tai tai licu nghlen
ctru dung aminopropyl va mercaptopropyl sua
d6i khoang smectit dé tang kha nang hap phu
kim loai nang [14]. Su gidm kha nédng hap phu

100

Hg** khi pH cao c6 thé 1a do sy lién két 1ong 1éo
gitra cédc ion kim loai muc tiéu va island lufmg
tinh hodc cdc nhém alumiol khi dung dich c6
tinh kiém. Hon nita viéc dung NaOH dé tao méi
truong kiém, trong d6 Na' c6 kha nang canh
tranh va lam giam kha nang hap phu Hg**. Kha
ning hap phu tét nhét khi pH=5-6

Anh huong cia lwong thuoc hap phu

Hinh 8 cho thiy cung vaoi luong chat hap
phu tang thi ty 1€ hap phy Hg* cua VER va
BAL-VER tang, tai nong do 2 gL' (d6i voi
BAL-VER) va 4 gL (d01 voi VER) thi dat
trang thédi can bang hap phy, ty 1& hip phu
twong tng 99,4% va 18%.

60

40 -

Removal Rate (%)

204

o /\

—=— VER
—e— BAL-VER

pH

100 |- oo

80 | b4
60 |-

wl /
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20 |
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Adsorbent Dosage(g L)

Hinh 8. Anh hudng ciia lugng thude hap phu.
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Hinh 9. Anh hudng nong d6 Hg** ban dau ddi véi kha nang hap phu.
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Hinh 10. Pong luc hoc hip phu va anh huéng ctia thoi gian hip phu.

Béng 1. Céc thong s6 ciia md hinh duong dang nhiét

Langmuir Freundlich
Sample 1 1 2 -1 2
Ky (L -mg) Qm (Mg g ) R N Ke(L-g) R
VER 0.0248 1.753 0.983 0.557 0.101 0.961
BAL-VER 2.0927 8.572 0.960 0.172 4.711 0.896

Anh hudng ciia nong dé Hg2+ ban dau va 6
hinh dang nhiét hdp phu

_ Trong thi nghiém nay, diéu tra kha nang
hap phu cia chat hap phu khi thay do6i nong do

ban dau khdc nhau cua Hg™, s dung dudng
dang nhiét hap phu Langmuir va phuong trinh
Freundlich d€ phan tich cdc dir li¢u thir nghi¢m.
Nhin vao Hinh 9 ¢6 thé thay lugng hap phu cua
BAL-VER 16n hon nhiéu so véi VER. Kha
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nang hap phu tang 1én cung voi sy gia tang
nong do ban dau cho dén khi hdp phu dat do
bao hoa.

Céc dtt liéu dugc liét ké trong Béng 1 cho
mo hinh hap phu Langmuir va Freundlich phu
hop véi két qua thyc nghiém. Hé sé tuorng quan
R, ciia md hinh Langmuir phu horp véi cac dir
liéu thuc nghlem cao hon so v6i md hinh
Freundlich, diéu nay chung t6 qué trinh hap phu
l1a don 16p [15], dac biét luorng hap phu t6i da
cua VER tur 1,75 mg g sau khi qua stra doi
dugc nang 1én 9,63 mg g™

Nghién ciru dong liec hoc hdp phu

Hinh 10 cho thiy khoang 300 phut dau
BAL-VER di dat trang thai cn bang hap phu,
trong khi VER trong thoi gian ngdn da bao hoa,
luong hip phu cia VER ban du khoang 0.5 mg

-g"', sau khi bién t1nh qua BAL lugng hap phu
tang 1én 5 mg g hiéu qua ting 1én 10 lan so
véi trude khi cai t1nh

Thong qua hé sé tuong quan cia hai mo
hinh déng luc hoc & bang Bang 2 cho théy, mo
hinh dong lyc hoc bac 2 phu hgp qud trinh hip
phy, diéu nay c6 thé suy dodn hap phu héa hoc
chiém vai trd chii dao.

Anh hiong ciia nhiét d va phuong trinh
nhiét dong lyc hoc

Trong bai nay da khdo sdt kha nang hap phu
Hg2+ ctia khoang VER trudc va sau bién tinh &
cde ngudng nhiét o 30 °C, 40 °C, 50 °C va 60
°C, két qua nhu Hinh 11. Khi nhiét d§ cang tang
thi kha nang hap phu cang glam tuy nhi€n hi¢u
qua hap phu thiy ngan cua vat li€u sau bién
tinh tang 1€n rat ro rét.

Béng 2. Bang cic thong sb ctia md hinh dong luc hoc

Pseudo-first-order model

qe(experimem)

Pseudo-second-order model

Sample . K, e ) K, de 5
(mg.g") . B R P 3 R
(min")  (mg.g") [g .mg .min" ] (mg .g")
VER 0.61 0.0018 0.104 0.880 0.134 0.608 0.998
BAL-VER 4.96 0.0038 0.821 0.723 0.024 5 0.999
VZAVER
5t I T BAL-VER

LN 7

Y N S

30

50 60
TC)

Hinh 11. Anh huong cua nhiét d6 t6i hip phu.



90 T.L. Tuong / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi ddt va Méi truong, Tdp 32, S6 3 (2016) 82-91

Béang 3. Tham $6 nhiét dong luc hoc hép phu

AG(kJ/mol)
Sample AH(kJ/mol) AS(J/mol/K)

303K 313K 323K 333K
VER -37.93 -92.47 991 -8.99 -8.06 -7.14

BAL-VER -65.60 -126.07

-2740 -26.14 -24.88 -23.62

Can cu vao cong thirc nhi€t dong lyc hoc
tinh toan dugc céac thong 5O nhu Bang 3, nhin
vao bang ta thiy qud trinh hap phu thuy ngan
cua ca hai vat li€u trén la qua trinh téa nhiét,
phan tng hap phu bé mat cia vat liéu tu dong
phat sinh, cung véi phan tng hap phu thi mirc
d6 hdn loan trong hé thong giita giao dién ran-
long khong nging gia tang [16-18] .

Phan tich co ché hap phu

Dya trén céc két qua cua _nhiing phan tich
trén co thé thy vermiculit hap phu Hg” * chii
yeu dwa trén co ché trao ddi ion g1u:a cac 16p,
gitra cdc 16p khodng sét, hydroxyl va Hg”* hinh
thanh cédc phue chat. Khodng VER sau khi qua
BAL bién tinh thi kha nang hap phu Hg”* duge
nang cao ddng ké, cdi nay chu yéu do BAL da
két hop mot lwong 16n nhém mercapto va
hydroxyl trén VER, cic nhém nay c6 kha nang
nang cao hiéu qua tao phu:c v6i Hg* *, tir d6
nang cao hi¢u qua loai Hg trong dung dich
nudc. Co ché BAL-VER hap phu Hg* * ¢6 thé
biéu thi bang cdc phuong trinh sau [19-21]:

Sur-OH+Hg(OH),—Sur-0.. . Hg(OH), '+H" (1)
Sur-OH+HgOH"—Sur-O...HgOH+H" (2)
2(Sur-OH)+Hg**—(Sur-0),...Hg+2H" (3)
Sur-SH+Hg(OH),—Sur-SH...Hg(OH), (4)
2(Sur-SH)+HgOH"—Sur-SH...HgOH"...HS-
Sur (5)

4(Sur-SH)+Hg**— (Sur-SH),...Hg*" (6)

2(Sur-SH) +2(Sur-OH) + Hg2+ —  (Sur-
SH),...Hg*...(HO-Sur), (7)
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Study on Preparation and Characterization of Organic
Modified Vermiculit for Adsorption of Heavy Metal Ions

Tran Ly Tuong

Quang Binh University, 312 Ly Thuong Kiet, Dong Hoi, Quang Binh, Vietnam

Abstract: Vermiculit often is used as absorbent for the management of environmental pollution
because of their advantages of abundant reserves, low price and environmental friendliness. However,
the absorption ability of heavy metals and organic matter in natural clay is poor. For the sake of the
absorption performance of natural clay, a lot of literature have studied different modification methods
to improve the properties of clay such as pore size, specific surface area, thermostability and chemical
activity. Dimercaprol modified vermiculit(BAL-VER) was prepared with natural vermiculit. The
results suggested that the maximum uptake of Hg** of vermiculit increased from 1.75 to 9.63 mg .g"'
after modification .The Pseudo-second-order model and Langmuir absorption isotherm could interpret
well the Hg** absorption on the four kinds of materials. The saturate absorption time was 300 minutes,
and the absorption rate of BAL-VER were greater than that of VER. The rise of solution temperature
had small effect on absorption and the absorption process was geared to spontaneous exothermic
reaction. Absorption experiment data and characterization results displayed that the removal
mechanisms of Hg”* on BAL-VER contain coordination absorption, ion-exchange, electrostatic
attraction and channel interception.

Keywords: Vermiculit, modification, absorption, mercury, dimercaprol.



