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SUMMARY

THE IMPACT OF INTERCALATED ANION ON THE ANION EXCHANGE
EFFICIENCY OF LAYERED DOUBLE HYDROXIDE WITH ORGANIC
INHIBITORS

Layered double hydroxides (LDH) have been used extensively as nanocontainers of corrosion inhibitors over
the past few years. Besides the co-precipitation method, anion exchange is considered one of the effective
methods for synthesizing this type of material. In this study, LDH systems intercalated by various anions
such as CO3*, NO; and CI" were used to synthesize LDH carrying the organic corrosion inhibitor 2-
benzothiazolythio-succinic acid (BTSA) through the anion exchange method. The influence of intercalated
anions on the exchange efficiency, structure, and composition of LDH nanocontainer systems was clarified.
The analytical results show that LDH-NO3z; and LDH-CI have effective anion exchange capabilities with
BTSA. In contrast, LDH-CO; did not exhibit this property due to the strong affinity of carbonate anions with
the hydroxide layer. After 24 hours, the anion exchange process reached saturation, and nanocontainer
products using LDH-CI and LDH-NO; precursors achieved 37,6 and 39,2 wt% BTSA loading capacity.

Keywords: Layered double hydroxides, anion exchange, 2-benzothiazolythio-succinic acid (BTSA).

1. MO PAU d1’1y tri mot‘cach hlelf qua chuc nang cua
' ‘ cac anion nay theo thoi gian. Dya trén dac
Vat liéu hydroxide 16p kép (LDH) 1a vt tinh néi troi nay, LDH dugc khai théc ¢

liéu thuoc ho khoang sét anion, v6i cau nhiéu khia canh khac nhau, trong d6 bao
trac dang 16p bao gom cac tam hydroxide gdém viéc sit dung chung nhu mét binh
tich di¢n duong xep chong 1én nhau va chita nano (nanocontainer) c¢6 kha ning
dugc On dinh boi cdc ion tich dién &m xen mang va giai phéng anion e ché in mon
ke trong khoang trong gilta hai tim. Vi khi tiép xuc voi méi truong xam thye [3].

kha nang trao do6i anion, ching dugc su Hi¢n nay, vigc phat trién mot phuong
dung nhu mot chat mang c6 kha nang luu phap téng hop co kiém soéat binh chira
gilr anion chire nang va giai phong ching nano LDH véi hinh thai va kich thuée
khi tiép xuc véi moi truong phu hop [1,2]. dong nhat ma khong can thong qua cic
Diéu nay dam bao viéc giam thiéu tac bude xir Iy phtrc tap 1a can thiét dé t6i uu
dong truc tiép cia modi truong dén céc hoa kha ning ng dung thuc tién cua vat

anion chirc ning, gép phan cai thién va liéu [4-6]. Trong khi do, phuong phap

46



trao d6i anion cho thiy cac uu diém khi
c6 thé dam bao hinh théi vat li¢u 6n dinh
va déng thoi tranh duoc sy két tia cua
chat ¢c ché khi tong hop bang phuong
phap dong két tua truc tiép [7]. Mac du da
¢6 nhiéu nghién ctru tong hop cac hé binh
chira nano dya trén dic tinh trao ddi anion
ctia LDH, tuy nhién sb luong céc nghién
ctru st dung phuong phéap nay trong tong
hop LDH mang ¢ ché dn mon con gidi
han [8,9]. Trong nghién ctru nay, cac hé
LDH mang cac anion xen k& C032', NOs
va CI' duoc sir dung dé tong hop LDH
mang @c ché an mon hitu co 2-
benzothiazolythio-succinic acid (BTSA)
bang phuong phéap trao d6i anion. Anh
huong cua thanh phan anion xen k& dén
hiéu qua trao ddi, cAu trac, thanh phﬁn cac
hé LDH nanocontainer dugc lam rd thong
qua cac phuong phép phan tich 1y hoa.

2. THU'C NGHIEM

1.1. Tong hop LDH xen ké béi anion
CO;*, CI'va NOy

LDH xen ké bdi cac anion vo co duoc
tong hop dya trén quy trinh ma nhom
nghién ctru da cong bd gan day [10,11].
Cu thé, v6i LDH-COs: nho tir tir dung
dich NaOH 2,4 M vao hdn hop 230 mL
dung dich mubi kim loai bao gom MgCl,
0,5 M, AICI; 0,25 M va sodium lactate
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0,5 M cho dén pH 10. Két tua dugc trao
ddi véi 500 mL dung dich Na,CO30,15 M
trong 30 phut, ly tdm, rira va phan tan lai
trong nudc khir jon dé thu huyén phu
ddng nhat co6 nong do 50 g/L. Tién chat
LDH duoc thuy nhiét trén hé phan ung ap
luc cao (Parr 4540, USA) véi téc do
khudy 250 vong/phit trong vong 24 gid.
San phim LDH dugc ly tdm, ria voi
ethanol trude khi sdy chan khong ¢ 80 °C
trong vong 12 gid trudc phan tich cac dac
trung 1y hoa.

LDH-CI va LDH-NO; dugc tong hop dua
trén quy trinh tuong tu, tuy nhién bo bot
budc trao doi voi Na,COs va sir dung tién
chat mudi vo co nitrate dé téng hgp LDH-
NOs.

1.2. Phan tng trao doi anion

Nho giot tir tir 60 mL huyén phit LDH (40
g/L) vao binh ciu chta 500 mL ethanol
70% (v/v) va 20 mL Na,BTSA 0,5 M.
Qua trinh phan Uung dugc thuc hién & 65
°C, khudy tron 250 vong/phut va hoan luu
trong moi truong khi Nj. Sau thoi gian
khao sat, san pham duoc ly tim, rira bang
ethanol va sdy chan khong & 55 °C trong
vong 12 gid trude khi xac dinh cac dac
trung ly hoa.

Cac h¢ LDH-CO;, LDH-NO;, LDH-CI
dugc st dung dé danh gia kha nang trao
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Hinh 1. (A) Gian d6 XRD vat liéu LDH xen k& béi anion CO3* NO3™ va CI'va (B) Gian d6 XRD ciia
LDH-COj; trudce va sau khi thyc hién phan ng trao d6i anion
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d6i giita anion va BTSA”. San phim
dugc ky hiéu lan luwot 1a LDH-BTSA-
(CO3), LDH-BTSA-(N), LDH-BTSA-(C)
tuong ung voi qua trinh trao doi st dung
LDH xen k& bdi cac anion COgZ', NO;3 va
Cl.

1.3. Phuong phap phéan tich

Nhiéu xa tia X (XRD) va quang ph6 hdng
ngoai FTIR lan luot duoc thuc hién trén
thiét bi Bruker XRD D8 Advance (Pirc)
xa Cu Ka (A = 1,5418 A) trong khoang
goc tir 5 dén 70° 26 va Tensor 27, Bruker
(Puc) trong khoang 400 - 4000 cm™.
Hinh thai vat lieu dugc kiém tra bﬁng
kinh hién dién tir truyén qua TEM, JEOL
JEM-2100 (Nhat Ban). Thanh phan BTSA
dugc dinh lugng bang phuong phap UV-
Vis (Jasco V-630, Nhat Ban).

3. KET QUA VA THAO LUAN

3.1 Anh huéng ciia thanh phin anion
deén cau truc vat liéu LDH

Gian d6 XRD cia LDH-CO;, LDH-NO;,
LDH-CI duoc thé hién trong Hinh 1. Tt
ca cac mau déu xuat hién nhiing dinh tin
hiéu dac trung cho vat liéu LDH tai cac
mit nhiéu xa (003), (006), (012), (015),
(018), (110) va (113) voi cuong do dinh
dic trung cao, ching to da tong hop thanh
cong LDH véi do két tinh tot [12]. Quan
sat thay cac dinh nhiéu xa tai mat (003) co
cudng do giam dan theo thir ty LDH-CO3
> LDH-CI > LDH-NO3, diéu nay cho thay
rang do két tinh cia LDH-COs 1a cao
nhat. Didu nay dugc giai thich 14 do anion
carbonate co luc tuwong tac tinh dién manh
v6i bé mat tim hydroxide. Do vy, trong
qua trinh phat trién tinh thé, cac 1op
hydroxide co su xép chdng va phat trién
manh theo mit nay, dan toi cuong do
nhiéu xa ting cao [13].

Khoang cach 16p kép d(003) cua cac hé
vat licu LDH duogc tinh theo dinh luat
Bragg: d=A/2sinf. Tham s6 mang tinh thé
a va ¢ duoc dugce tinh toan 1an luot béng
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phuong trinh a = 2d(110) va ¢ = 3d(003)

[14]. Gia tri d(003) cua vat ligu LDH-CI

(0,784 nm) 1a 16n hon so voi LDH-COs

(0,760 nm), diéu nay phu hop véi céc

nghién ctu trude day [8]. LDH-NO; co

mat (003) dich chuyén 13 rét vé& goc nhidu
xa thap, tuong ung véi kich thudc 16p
basal 0,864 nm, diéu nay co thé 1y giai 1a
do cdu truc khong gian cta anion nitrate
c6 kich thudc 16n hon so véi hai anion

COs* va CI. Cac gia tri cia thong sb

mang tinh thé a va ¢ trong ca ba truong

hop khao sat 1a tuong tu nhau va lan luot
nam trong khoang 3,05 A va 22,61 —

22,93 A. Két qua XRD cho thiy viéc sir

dung cac anion vo co xen k& khac nhau

trong qua trinh tong hop khong anh
huong dén cdu trac cta cc tim hydroxide

tao thanh [10].

3.2 Anh hwéng ciia thanh phan anion
dén khi ning trao ddi we ché in
mon

Duya vao két qua XRD, c6 thé nhan thay

cac dinh nhiéu xa cia LDH-COj5 trudce va

sau khi thuc hién trao d6i la tuong tu
nhau. Gia tri d(003) trong ca hai truong
hop bang nhau va bang 0,76 nm. Do do,
¢6 thé nhan dinh rﬁng khong co su xen ké
anion trc ché dn mon vao cau tric LDH-

COs. Qua trinh trao ddi anion chi ¢ thé

xay ra trong LDH khi lyc xen k& cua

anion khéach 16n hon luc tuong tic gitta
anion ban dau va 1op cation [15]. Tuy
nhién, ai lyc cua anion carbonate véi cac
tam hydroxide manh dén muc chung
khong thé trao ddi voi cac anion hitu co
khéc, viéc day ra anion nay ra khoi khon ng
gian xen k& ctia LDH bang anion BTSA
khong xay ra.

So sanh gian d6 XRD cua san pham
LDH-BTSA-(C) va LDH-BTSA-(N) voi
LDH nguyén ban cho thay su dich chuyén
dang ké cua cac goc nhifu xa tai mat (003)
sang vi tri thap hon (Hinh 2). Pong thoi,
khoang cach 16p cia LDH tang tir 0,784
nm Ién 1,644 nm va tir 0,864 nm 1én 1,675



nm. Tuong tu, thong s6 mang tinh thé tai
mat (003) - mat ¢, dac trung cho kich
thude mot don vi tinh thé - tang tur 2,35 nm
Ién 1an luot 4,93 nm va 5,03 nm sau khi cé
sy hién dién cua BTSA. Cac két qua nay
cho thdy anion wrc ché dd duoc chén vao
cAu trac vat liéu, gdy ra sy md rong
khoang cach gitra cac tim hydroxide. Quan
sat thiy cuong do nhidu xa tai mat cac mat
phang (003) va (006) giam va vi tri cac
dinh nhidu duoc mo rong, cho thdy muirc do
két tinh cia LDH-BTSA thdp hon so véi
tién chat LDH [16]. Két qua phéan tich
nhiéu xa XRD cho thiy di tong hop thanh
cong LDH mang @c ché dan mon bang
phuong phép trao di ion.
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Hinh 2. Gian d6 XRD ctia LDH-BTSA-(C) va
LDH-BTSA-(N)
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Hinh 3. Gian dd FTIR ctia BTSA, LDH-BTSA-
(C) va LDH-BTSA-(N)
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Su hién dién cua BTSA trong cu trac
LDH nanocontainer duoc xac nhin bang
phd quang phd FTIR (Hinh 3). Déi vai
BTSA tinh khiét, cac dinh khoang 2929
cm™ va 756 cm™ dugc gan cho dao dong
nhém C-H trong ciu tric vong thom. Céc
dinh tin hi¢u manh & 1719 ecm™ va 1423
cm™ dac trung do dao dong kéo dai C=0 va
O-H cuia nhém —COOH [10]. So sanh két
qua gitta BTSA tinh khiét va cic miu
LDH-BTSA cho thiy su bién mét cua cac
dinh dién hinh ctia nhém ~COOH ¢ tan s6
1719 cm™ va sy xuét hién ctia cac dinh méi
& khoang 1574 cm™ va 1402 cm™, ¢6 thé
duoc quy cho cac dao dong bat ddi ximg va
d6i xtmg cia cac nhom COO™ khi nam
trong cau trac 16p kép [17]. Cac dinh nhon
& 446 cm™ va dinh rong & 670 cm™ dic
trung cho dao dong cia Mg-OH va Al-OH
trong 16p hydroxide. Su thay doi dang ké vé
cuong d6 va vi tri dinh hip thu minh ching
cho sy tuong tac giita chat e ché hitu co
xen k€& va 16p hydroxide ctia LDH [11].

Hinh 4. Anh TEM LDH-CI va san pham LDH-
BTSA-(C) sau phan tng trao doi anion

Anh TEM cua san pham LDH-BTSA-(C)
cho thy sy twong dong vé mat kich thudc
va hinh thai v6i LDH-CI ban du (Hinh 4).
Céc hat LDH-BTSA-(C) c6 dang tim tron,
dong déu, kich thudc hat trung binh phan
bd trong khoang 100 — 200 nm véi hinh
thai dong déu va khong biéu hién nhiing
thay dbi dang ké trong vong 24 gid trao
d6i anion. Do vay, co thé nhan dinh ré‘mg
qua trinh trao d6i anion dé chuyén doi tir
dang nanosheet sang LDH-BTSA-ns chi
¢6 su chuyén dbi vé cau tric, khong co su
chuyén ddi vé hinh thai [8].



3.3 Kha niing mang tc ché in mon ciia
LDH

Nhidm nghién ctru kha ning nap BTSA
vao cau trac LDH, tién hanh 14y miu cac
san pham LDH-BTSA-(C) va LDH-
BTSA-(N) tai cac thoi diém khac nhau
trong qua trinh trao doi anion. Ham luong
BTSA duogc dinh luong bang quang phd
UV-Vis tai budc song 280 nm.
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Hinh 5. Ham lugng BTSA xen k& trong céu
tric LDH theo thoi gian trao d6i anion

Nhin chung, trong xuyén subt thoi gian
phan tng, LDH-NO; thé hién hiéu qua
trao d6i tot hon so voi LDH-CI (Hinh 5).
Diéu nay c6 thé 1i giai 1a do NO3™ ¢6 lién
két tinh dién long 1éo v&i cac tim nén
hydroxide hon CI° [12]. Péng thoi,
khoang cach 16p kép cua LDH-NO;
(0,864 nm) 16n hon so voi LDH-CI (0,784
nm), do viy di tao diéu kién cho cic
anion BTSA? di chuyén vao va thiic ddy
qua trinh trao doi dién ra hiéu qua hon.
Sau 16 gio phan ung, ham lugng pha hitu
co xen k& vao cdu triic 16p kép LDH-CI
dat gan tuong duong so v6i LDH-NOs.
Diéu nay cho thdy sau giai doan mé& rong
khoang céach 16p kép 0 thoi diém dau
phan Ung, anion BTSA? ¢6 thé xen k&
vao cau tric LDH mét cach ddong déu
hon. Sau 24 gi¢ phan ing, ham luong uc
ché trong ca hai hé vat lidu ting khong
dang ké, cho thay qua trinh trao ddi da dat
bdo hod, ham lwong BTSA® trong ciu
trac LDH-BTSA-(C) va LDH-BTSA-(N)
dat lan luot 1a 37,6 va 39,2 wt%.
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4. KET LUAN

Céc két qua phan tich dic trung ciu trac
da xac dinh LDH xen k& boi anion NOg’
va CI ¢6 kha ning trao ddi anion hiéu qua
véi e ché an mon BTSA. Nguoc lai,
LDH-COj3 khong thé hién dic tinh nay do
ai lyc lon cua anion carbonate voi 1op
hydroxide. Sau 24 gi¢ phan ing, qua trinh
trao ddi anion dat bdo hoa, kha nang
mang BTSA dat lan luot 37,6 va 39,2
wt%; khoang céach 16p kép cua LDH dugc
mo rong tr 0,784 1én 1,644 nm va 0,864
Ién 1,675 nm; tuong Gng vGi cac san
pham trao ddi anion sir dung tién chat
LDH-CI va LDH-NO:s.

Loi cdm on: Nhom tac gia cam on Vién
Cong nghé Hoa hoc — Vién Han 1dam Khoa
hoc va Cong nghé Viét Nam di hd tro co
s& vat chat dé thuc hién nghién ctru nay.
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