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hap phu Congo Red bang phuong phap bé mit dap tng (RSM)
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Tom tit

Trong nghién ciru nay, vat liéu Ca-Al LDHs dugc tong hop bing phuong phap thuy nhiét.
Phuong phap bé mat dap tng (RSM) dugc sir dung dé t6i wu héa cac yéu td anh huong dén kha

nang hip phu Congo Red (CR): ndng do dung dich CR, pH dung dich va thoi gian phan tng. Két

qua chi ra, tai ndng d6 dung dich CR 54,3 mg/L, pH 5.9, thoi gian phan tng 104 phit, dung
luong CR hap phu t6i uu dat 68,58 mg/g. Nhitng két qua nay chi ra Ca-Al LDHs 1a vat liéu hap

phu tiém ning trong xir 1i nuéc thai chira chat mau hitu co.
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1 Gigi thiéu

Tinh trang 6 nhiém nuéc bai kim loai nang, mau nhudém va
chat hoat dong bé mit dang dugc nhiéu nha khoa hoc quan
tam vi tac hai cua ching ddi vé6i hé sinh thai va con ngudi.
Sy xuat hién cua thubc nhuom tdng hop bit ngudn tir cac
nganh cong nghlep may, gidy, da [1]. Mot sb thudc nhuom
¢6 cdu trac gdbm nhiéu vong thom, kho phan hiy sinh hoc,
gdy ung thu va dot bién gen [2-4]. Thudc nhuém Congo
Red (CR) la thudéc nhuom azo cua axit sulfonic 1-
naphthalene dwoc str dung phé bién hién nay [5]. Dac biét,
& ndng do cao, CR c6 thé chuyén ddi thanh chét giy ung
thu nhu benzidine [6].

Hién nay, c6 nhiéu phuong phép xir li nudc thai khac nhau
nhu: xir li sinh hoc, hip phuy, hoa hoc, oxi hoa, phan huy
quang xuc tac... [7]. Trong dé, phuong phap hap phu la mot
trong nhitng phuong phap hoa 1i phd bién va higu qua nhat
boi nhitng wu diém cua ching nhu hiéu qua cao, khong ¢
san phidm phu doc hai, tinh kha thi vé& kinh té va d& van
hanh [8,9]. Do dé, diéu quan trong nhat 1a phat trién céac
chat hap phu méi véi hiéu qua loai bo cao va toc do phan
tach nhanh dé xir li mot lugng 1on chat thai.

C6 nhiéu vt liéu hap phuy loai bo thuc nhudém trong nudc thai
nhu alginate, than hoat tinh, chitin bién tinh, zeolite, bentonite...
[10]. Tuy nhién, vat liéu hydroxide kép 16p (LDHs) ¢6 nhiéu
tinh chit déc trung cua vat liéu x6p nhur dién tich bé mit riéng
I6n, bén nhiét va lyc lién két cua lop xen k& twong ddi yéu
[11,12]. Do d6, LDHs duoc danh gia 1a vat liéu tiém nang co
kha ning hap phu cac anion hitu co va v co [13-15].
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Gan day, hang loat cac nghién ciru da tap trung vao qui
trinh téng hop va tng dung cia Mg/Al LDHs trong xir li
nudc thai. Nhém nghién ciru cia Mohammad Noori Sepehr
cing cong sy da tong hop va tng dung Mg/Al LDHs dé
loai bo khang sinh metronidazole dat dung luong
62,804 mg/g [16]. Yanping Zhu cung cong Sy da nghién
ctu cachon hoéa Mg/Al LDHs thanh vat liéu composite (tng
dung trong hap phu khang sinh polyhydroxy fullerenes
(PHF) dat 476 mg/g [17]. Tai Viét Nam, Tran Thi Huong
da tong hop va xac dinh dic trung cia mot s hydroxide
cau trac 16p kép Mg-Cu-Al/CO;z;, Mg-Al/Cl va MgAl/CO;4
bang phuwong phap dong két tua, wng dung trong xir li moi
truong cho hiéu qua cao [18].

Ca/Al LDHs thugc nhom vat liéu hydroxide cau trac kép
I6p, bao gdm nhiing tinh chat dic trung twong ty Mg/Al
LDHs: céu trac x5p, dién tich bé mit riéng 16n. Tuy nhién,
hién nay s6 lugng cong trinh nghién ctru vat lidéu nay han
ché. Nghién ctru hién tai tap trung vao viéc ché tao vat liéu
Ca-Al LDHs va nghién ctru tinh chét hip phu cua chung dé
loai bo CR trong chét thai. Cac diéu kién anh huéng dén
kha ning hap phyu bao gom nong d¢ ban dau, gia tri pH va
thoi gian phan tng dwoc nghién ciru bing phuwong phap bé
mat dap ung (RSM).

2 Thuc nghiém

2.1 Hoa chat
Hoa chat tinh khiét gom Canxi clorua (CaCl, 97%),
Aluminium chloride (AICl3, 98%) mua tur Sigma-Aldrich.
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Uré (CO(NH,), 96%), hoa chit cong nghiép gom Sodium
hydroxide (NaOH > 96%), acid clohydric (HCI > 98%) va
thuéc nhuém Congo Red (CaH2NgNa,06S,, 97%) mua tir
Xilong, Trung Quéc. Nuéc cat (san xuit tir may nudc cit 2
lan ciia hiang Lasany, An Do thudc phong thi nghiém Khoa
hoc Vit liéu tng dung, Vién Ki thuat Cong nghé cao).

2.2 Phuong phéap tong hop vat ligu

Tong hop vt ligu Ca-Al LDHs bang phuong phap thiy
nhiét theo qui trinh: hoa tan CaCl,.4H,0, AICI3.6H,0 va ure
(ti 18 2:1:32) vao 60 mL nudc cat, khuay déu trong 30 phiit.
Chuyén hdn hop phan tmg vao 6ng teflon co vo bao vé
bing thép khong gi, gia nhiét 1én 180°C trong 24 gio. Rua
hén hop sau thay nhiét nhiéu 1an véi nudc cat va ethanol toi
pH = 7 va siy kho ¢ 80°C.
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Hinh 1 Qui trinh tdng hop Ca-LDHs.

2.3. Panh gia kha nang hap phu CR cua Ca-Al LDHs

Kha ning hap phu cua vat lidu dic trung bai lugng CR
(mg/g) bi hap phu trong méi truong nudc. Tron 40 mg
chéat hap phu voi 100 mL dung dich CR nong d6 33,18 -
66,81 mg/L trong binh tam giac 250 mL. Sau mdi khoang
thoi gian 1y dung dich hap phu quay li tim trong 10 phut
dé tach dung dich ra khoi chit hap phu. Gia tri pH duoc
diéu chinh bing dung dich NaOH va HCl 0,1M trong
khoang pH 4.31-7.68. Ndng do cua thudc nhudém con lai
dugc xac dinh bang do quang phd ¢ budc séng 500 nm.
Kha nang hap phu duoc tinh toan theo phuong trinh sau:
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3 Két qua va thao luan

3.1 Phan tich dic trung ciu tric Ca-Al LDHs

Cau triic tinh thé ciia miu Ca-Al LDHs duoc x4c dinh bang
phuong phép nhiéu xa tia X (Hinh 2). Binh nhiéu xa manh tai
goc 20 = (11,63% cung vai dinh nhidu xa yéu bi phan tach tai
gbe 20 = (20°%), ching to Ca-Al LDHs c6 dd tinh thé cao. Mot
dic trung dién hinh cua Ca-Al LDHs chua clorua hoac
bromide 14 dinh nhiéu xa kép & goc 20 = (22°%); (23%). Két qua
nay hoan toan phu hop véi nhitng nghién ctru trude d6 [19,20].

1 Ca-AlLDHs brmi

00
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A Jl J

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Hinh 2 Gian d6 nhidu xa tia X cua vat liéu Ca-Al LDHs.

3.2. M6 hinh téi vu héa

Sy tuong tac cua ba bién doc 1ap bao gém: ndng do dung
dich CR, pH dung dich va thoi gian phan @mg dén kha ning
hdp phu CR dugc trinh bay trong Bang 2. Cac két qua cho
thdy hiéu qua loai bo CR bi chi phdi boi cac bién doc lap.
Khi cac thong sb nay thay ddi s& tac dong dén hiéu qua hip
phu. Dé xéc dinh cac bién trong mé hinh dé xuat c6 ¥ nghia
thong keé, gia tri p ciia phwong trinh hdi qui co ¥ nghia véi
muc 1% cho mé hinh bac hai duwoc moé ta nhu sau boi
phuong trinh (3.1):

H (%) = 66,33 — 3,84A +7,49B — 1,85C + 2,91B - 1,17AC

Co — Ceo —0,2385BC — 9,33A%—10,56B?— 3,86C> (3.1)
Qe (mg/g) = XV Bang 2 Bang ma tran cac gia tri thuc nghiém va du doan.
Trong d6, C, va C, 1a ndng d6 thudc nhuom ban dau va sau STT Bién déc lap Thue nghiém | Dw doan
hip phu twong wng. A B C (%) (%)

V (mL) 14 thé tich dung dich, m 1a khdi lugng vat liéu hip phu. 1 5 40 | 100 40,31 40,89
2.4 Phuong phap t4i uu hoa bing RSM 2 7 40 | 100 25,42 26,49
Phuong phép dap tng bé mat dugc sir dung dé tdi uu héa cac 3 5 60 100 50,65 51,98
didu kién anh huéng dén hiéu qua loai bo CR trong dung 4 ! 60 100 44,81 46,34
dich nuéc. Ma trin CCD duoc thiét ké dé danh gid tinh twong 2 ? 38 12‘8 ggg; gggi
thich cua dir lidu thuc nghiém va cac bién anh huong dén Z 3 50 120 240 4525
hiéu qua loai bo CR dugc trinh bay trong Bang 1. 8 7 60 140 43’49 44'50
Béng 1 Cac thong sb cai dit cho qué trinh t6i wu hoa loai bo CR. 9 4,31 50 120 44,10 43,39
Cic bién | Ki Mike d§ 10 | 7,68 | 50 | 120 32,02 30,48
doctip |2V hisu | o [110 [+1 |+ 11 | 6 [3318] 6 21,25 20,85
12 6 66,81 6 47,89 46,06
L S B M B N U R 13 | 6 [ 50 | 6 57,43 55,51
Nong do mg/l B 33,2 | 40 | 50 | 60 | 66,8 14 6 50 6 49,62 49,29
o , 15 6 50 6 63,53 63,33
Thoi gian | phat C 86,36 | 100|120 |140(153,6 16 5 50 6 63.08 6333
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17 6 50 6 62,90 63,33
18 6 50 6 63,00 63,33
19 6 50 6 63,59 63,33
20 6 50 6 63,47 63,33

Phén tich phuong sai ANOVA dugc ap dung dé thiét lap
va danh gia su tuong thich cia mo hinh hdi qui véi dir
liéu thuc nghiém. Dir lisu ANOVA bao gém tong binh
phuong, bac tu do, binh phuong trung binh, gia tri F, gia
tri P, h¢ sb xac dinh R? ti 1¢ chinh xac phu hop (AP)
duoc liét ké trong Bang 3. Thong ké ciia mo hinh dé xuét
phu thudc chit ché vao cac tham sé ban dau. Néu gia tri
F cang 16n va gia tri p cang nho thi md hinh dé xuit cang
¢6 ¥ nghia. Hon nira, khi 4p dung mé hinh nay dé t6i vu
hoa néu R? I6n hon 0,900 va AP cao hon 4. Trong truong

hop nay, mo hinh c6 y nghia thong ké véi do tin cay
95%.

Két qua dat duoc ¢ Bang 3 cho thay gia tri F cia mo hinh
dé xuat dat 235,93 va két hop véi cudong do xac suét thap (P
< 0,0001) cho thiy m6 hinh dwgc dé xuit co ¥ nghia thong
ké [21]. Hon nira, tin hiéu thich hgp cho m6 hinh da dugc
xac nhan do d6 chinh xac (AP) dat ti 1& cao (45,31). Hé s6
phuong sai (CV) dai dién cho sai s6 chuan cia udce tinh dat
dugc cudng do rat thap (2,81%) cho thay do tai 1ap cao cua
md hinh. Dic biét, hé s twong quan (R? = 0,9953) cho thiy
rang mot ti 1é dang ké (99,53%) cua tong bién thé co thé
duoc giai thich bang mo hinh thyc nghiém. Do d6, mé hinh
hip phu CR 1én Ca-Al LDHs duoc thiét ké tot va du diéu
kién dé du doan diéu kién toi wu [22].

Bing 3 ANOVA cho mé hinh hdi qui bac hai ciia Ca-Al LDHs.

Tongbinh | o S tywdo| Trumgbinh | ol iF | Prob.>F Nhin xét
phwong binh phwong
Bién 3733,03 9 414,78 235,93 <0,0001° SD=1,33
X, 201,20 201,20 114,44 <0,0001° Mean = 47,11
X, 767,09 1 767,09 436,32 <0,0001° CV(%) = 2,81
X, 46,78 1 46,78 26,61 0,0004° Press = 130,14
x> 38,32 1 38,32 21,80 0,0009° R?=0,9953
X, 10,96 1 10,96 6,24 0,0316° R gy = 0,9911
X2 0,4550 1 0,4550 0,2588 0,6220" AP = 45,3063
X, X, 1254,28 1 1254,28 713,43 <0,0001°
X, X, 1607,65 1 1607,65 914,43 <0,0001°
X, X, 214,95 1 214,95 122,26 <0,0001°

Pé chi ra tic dong cua cac bién tuwong tac trong viéc loai
bo CR bing Ca-Al LDHs, bé mat 3D duoc vé cho ba tham
s6 dau vao nhu trong Hinh 3. Theo Hinh 3a, tuong tic cia
nong d6 va pH dén kha ning hap phu CR di duoc minh
hoa. C6 thé thiy, khi ting ndng do ban diu va giam gia tri
pH din dén tang kha ning hap phu cua thuéc nhuom CR
1én chat hip phu. Ngoai ra, viéc giam thoi gian tiép xuc va
pH dung dich dan dén viéc loai bo thudc nhudm dugce ting
cuong nhu trong Hinh 3b. Trong khi d6, & Hinh 3c viéc
tang ndng do dong thoi giam pH dung dich c¢6 xu hudng

cai thién hiéu qua loai bo CR. Hién tuong nay co thé dugc
giai thich bai CR 1a cac anion tich dién 4m trong qua trinh
hoa tan vao moi truong nudc. Do d6, moi truong bazo
manh sé& cé sy canh tranh gitta OH™ va anion, can tro cac
tam hp phu trén bé mat vat lidu bat CR. Nguoc lai voi
cac gia tri pH thip, qua trinh hip phu dwgc thuc day.
Trong moi trudng axit, bé mat vat lieu Ca-Al LDHs tich
dién duong va c6 xu hudng lién két tinh dién gitra cac
nhom chue trén bé mat vat lidu va phan tir thubc nhuom
CR dé dang xay ra.
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(A) (8)

Hinh 3 Biéu d6 3D thé hién sy tuong tac giita cac yéu té dén kha ning hép phu CR; (a) ndng d6 va pH, (b) pH va thoi gian,
(c) thoi gian va nong do.

Béng cach ap dung RSM, kha nang hap phu dugc thiét lap
& cac gia tri toi wu. Két qua thuc nghiém cho thiy & ndng
d6 54,3 mg/L, thoi gian phan ung 104 phut tai pH 5,9 thu
dugc 68,58 mg/g dung lwong CR bi hip phu (Bang 4). So
sanh voi két qua du doan (70,34 mg/g), dung lugng hap
phu thyc nghiém cé sai léch nho. Do d6, phuong phap bé
mat dap ung gitp tang kha ning loai bo CR trong nudc thai.
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thity nhiét. Cac yéu té anh huong dén kha niang hap phu bao
goém: ndng d6 CR, pH dung dich va thai gian phan tng. Khi
thay ddi cac yéu té nay dan dén su khac biét vé& kha ning
hip phu CR. Théng qua phuong phap bé mit dap ung
(RSM) cho thay kha ning t6i wu hoa cia cac didu kién anh
huéng. Didu nay gitp ting kha niang loai bd CR trong moi
trudng nudc.

Loi cam on

Nghién ctru dugc tai tro boi Qui Phat trién Khoa hoc va
Cong nghé - Pai hoc Nguyén Tat Thanh, md sb dé tai:
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4 Két luan

Qua cac két qua nghién ctru dat duoc cho thiy vat liéu Ca-
Al LDHs duoc tong hop thanh cong bang phuong phap
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Research on synthesis of Ca-Al LDHs materials and optimization of Congo Red adsorption
capacity by response surface method (RSM)
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Abstract In this study, Ca-Al LDHs materials were successfully synthesized via hydrothermal method. Three factors
affecting Congo red (CR) adsorption capacity include: the influence of CR solution concentration, the effects of solution pH
and the reaction time, which were experimented via response surface method ( RSM) to find the optimal conditions for CR
removal. The experimental results showed that at the concentration of CR 54.3 mg/L, the reaction time of 104 minutes and
pH 5.9, the optimal 68.58 mg/g CR adsorbed solution was achieved. These results suggest that Ca-Al LDHSs are used as an
effective adsorbent to remove organic pigments in aqueous solutions.

Keywords LDHSs, Congo Red, adsorption, response surface method (RSM)
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