Hoa hoc & Moi truong

St dung Ky thuit siéu 4m tong hop va nghién ciru dong hoc
qua trinh hap phu Cr(VI) trong nwéc cia vat liéu nanocomposit
Fe;O4/Chitosan tir bun d6é Tay Nguyén

Nguyén Thi Huong'', Pham Thi Mai Huong?, Viém Puc Pat’, Nguyén Ngoc Son’,
Lé Dirc Anh', Nguyén Viét Hung', Vii Minh Thanh'

'Vién Hoa hoc - Vit liéu, Vién Khoa hoc va Cong nghé quéan su;

’Khoa Cong nghé Hoa, Pai hoc Cong nghi¢p Ha Noi.

“Email: nguyenhuong0916@gmail.com

Nhdn bai: 31/10/2022; Hoan thién: 14/11/2022; Chdp nhdn dang: 14/12/2022; Xudt ban: 20/12/2022.
DOI: https://doi.org/10.54939/1859-1043.j.mst.VITTEP.2022.62-71

TOM TAT

Bun dé Tdy Nguyén la bun thai cia qud trinh san xudt nhém tie quing Boxit T. ay Nguyen
theo phwong phdap Bayer. Bdi bao nguyén ciu sic dung bun do Tdy Nguyén két hop vdi
chitosan dé ché tao vit liéu nanocomposit tir tinh FesO,/chitosan bang phwong phdp dong két
tia véi sw hé tro cia ky thudt siéu am. Tinh chdt déc trung cia vt liéu nanocomposit tir tinh
Fe;0u/chitosan dwoc danh gid bang cdc phuong phap phén tich cong cu phé nhiéu xa tia X,
FT-IR, TEM va BET. Péng hoc qud trinh hap phu Cr(VI) trong méi truong nuée cia hé vit
liéu nanocomposit FesQ4/Chitosan dwoc nghién ciru théng qua cdc mé hinh hap phu ddng
nhiét Langmuir, Frendlich va cac phwong trinh dong hoc gia dinh bdc 1, bdc 2, phwong trinh
déng hoc khuéch tin va Elovich. Két qua nghién ciru cho thdy, hé nanocomposit tir tinh
FesOu/chitosan véi ham lwong chitosan chiém tir 3% dén 15% twong vmg dé tir hod bdo hod
ciia hé dat 32,0 - 58,2 emu/g, dién tich bé mdt riéng ciia vit liéu theo BET dat 64,14 m?lg khi
ham luong chitosan la 10%, khi do dung lwong hcfp phu cuc dai cua hé vat liéu nghién ciru doi
véi Cr(VI) trong dung dich nuwéc dat 55,65 mg/g. Qud trinh hdp phu Cr(VI) trén vit liéu
nanocomposit FesQ4/Chitosan cho thdy, phit hop véi mé minh dang nhiét Langmuir, déng hoc
gia dinh bdc 2 va phwong trinh dong hoc Elovich.

Tir khoa: Bun do Tay Nguyén; Nanocomposit tir tinh; Dong hoc hip phuy; Cr(V1).
1. MO DAU

Bun d6 Tay Nguyén la chat thai ran phat sinh tir qua trinh tinh luyén quing boxit dé san xuat
nhom oxit theo cong nghé Bayer. Vi gia tri pH cao tir 11-14 va thanh phan chinh chira ham
lugng 16n Fe,O3 va mot s6 oxit kim loai khac nhu Al,O3, MNOy, TiO,,... [1-2]. Tai Viét Nam v6i
quy hoach khai thac san xudt nhém oxit & Tdy Nguyén mdi niam trén 7 triéu tan, cung véi d6 s&
phat sinh 10 triéu tan bun thai mdi nam. Pay duoc xem 1a mot trong nhiing chat thai nguy hai,
tao ra nhitng tham ho anh huéng 16n dén méi truong néu thai boé ra méi trudng khi chua xir 1y va
litu trir tot [3]. Chinh vi vy, véi hudéng nghién ctru tong hop nano sat tir Fe;0, tir ngudn bun do
sau khi dugc xtr ly lam sach va axit hoa, dugc xem 1a mot hudng nghién ctru méi, phu hop va
hira hen thu duoc nhiéu két qua tdt dé ung dung san phém ché tao duoc 1am vat lidu xir Iy moi
truong. Nam 2020, nhom tac gia da thanh cong trong viée nghién ctru ché tao nano sat tir tir
ngudn bun do Tay Nguyén va thir nghiém hip phu loai bo tic nhan Cr(VI) trong méi trudong
nudce, két qua nghiém ctru cho nano st tir Fe30, 6 kich thudc hat trung binh 15,4 nm, dién tich
bé mit riéng theo BET 1a 60,64 m /g, dung luong hip phu cuc dai Cr(VI) dat 31,44 mg/g tai
pH=6, 279 K, sir dung 1 g/l vat li¢u hap phu [4]. Tuy nhién, dén nay dé ning cao kha nang ung
dung va cai thién tinh chat coa vat liéu, chung 61 tiép tuc nghién ctru tién tinh va dleu chinh
phuong phéap ché tao vat lidu théng qua sy hd trg ciia song 4m. Trong phuong phap téng hop sir
dung k¥ thuat siéu am, cac phan (mg hoa hoc xay ra dudi diéu kién birc xa siéu 4m tir 20 kHz-10
MHz. Khi do, hé phan ung tao ra cac bong bong nho co thé dat dugc nhiét do cao tir 5000-25000
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K, ap suat hon 1000 atm va toc d6 lam lanh hodc 1am néng co6 thé vuot qua 10™ K/gidy. Trong
hé phan tmg c6 thé xay ra sy pha v& céc lién két hoa hoc hodc tao ra cac hiéu ing hoa hoc, vat 1y
tlr d6 c6 thé tao hodc sira dbi cac hé vat liéu c6 cu trac nano [5, 6]. Déc biét cac phan tng co6 su
hd tro cua siéu 4m tao ra cc vat liéu nano c6 kich thude nho hon, tinh khiét hon va dé phan tan
hon [7]. Cung véi d6, viéc nghién ciru bién tinh cac nano oxit kim loai v6i polyme trong d6 c6
chitosan duoc nhiéu nha khoa hoc quan tam nham bién tinh bé mat cac hat nano, qua do6 giam
kha ning két tu cua cac hat nano, ciing nhu ting kha ning hip phu kim loai ning cua hé
nanocompozit nhy chira thanh phéan chitosan [8]. Chitosan (CS) véi céu tric 1a poly(1-4)-2-
amino-2-deoxy-d-glucan va 1a mot loai polyamino saccharit, dugc biét 14 mot trong nhiing
polyme sinh hoc c¢6 kha ning hap phu tot cic kim loai ning trong méi trudong nudce [9], khir
khuan [10] va twong thich sinh hoc. Trong d6, su hép phu kim loai ning cia chitosan duogc
chimg minh thong qua co ché trao doi ion, sy tap phirc va tuong tac tinh dién [11, 12]. Cac co
ché nay thuong xay ra song song véi nhau trong hé dung dich, khi d0, cac dién tir do cia cac
nhém trén bé mit -NH,, -OH cua chitosan cho cac obitan d tréng ctia céac ion kim loai dé tao
thanh phirc chat giira ion lim loai véi chitosan [13]. Dbi véi mot s6 két qua nghién ctru bién tinh
nano sat tir Fe;04 v6i chitosan voi cac phuong phap khac nhau cho thdy, nano sit tir phan bd
tuong d6i dong déu trén nén chitosan, do tir hod bao hoa cua hé vat liéu thay doi theo ham luong
chitosan, vi vay, voi nhiéu cach bién tinh khac nhau s& thu duoc mot hé vat lidu c6 dic trung
khéc nhau htra hen c6 nhiéu tmg dung dang ké trong linh vuc y dugc va méi truong [14].

Trong nghién ctru nay, tac gia lya chon phwong phap siéu am-dong két tia dé téng hop hé
nanocomposit tir tinh FesO,/chitosan, trong d6, nano sit tir Fes0, dugc tong hop tir ngudn ban
dau 1a bun d6 Tay nguyén. Vat liéu sau khi tong hop duoc danh gia dic trung tinh chit va nghién
ctru dong hoc qué trinh hdp phu ding nhiét Cr(VI) trong méi trudong nudc.

2. THU'C NGHIEM

2.1. Héa chit va dung cu
2.1.1. Héa chat

- Hod chat: FeCl,.4H,0, K,Cr,0,, NaOH, HCI, ethanol 1a hoa chét tinh khiét dung trong phan
tich cua hang Merck hoac Macklin, khi Ny, bot Chitosan (CS: 100-200 mpa.s).

- Bun d6 Téy Nguyén 1a bun thai cia nha may san xuit nhém Tan Rai-Tay Nguyén. Bun do
dugc rira bang nudc cat axit hoa voi H,SO, 2N va két tiia trong moi truong kiém NaOH 4N dé
thu dugce bun do giau sat (IIT) sir dung 1am nguyén liéu cho qua trinh tdng hop nano st tir Fe;0,,
quy trinh dugc tién hanh theo cong bo ciia nhom tac gia ndm 2020 [4].

- Dung cu va thiét bi:

Thiét bi str dung trong qua trinh tong hop nanocomposit tir tinh Fe3,O4/chi’tosan gom: thiét’bi
siéu am dau do Sonics & materials (VCX500; 500 w, 20 kHz), may lac, thiét bi do pH, tu say,
cac dung cu thuy tinh dung d¢ thyc hién phan ung.

Thiét bi dung trong nghién ciru danh gia dic trung cau trdc cua vat ligu: nhidu xa tia X
(PANalytical, Ha Lan), dién cuc Cu (A=1,54064), goc quét tir 26 tir 0-80; kinh vién vi dién tir
quyet (Jeol-1010), dién tich bé mit riéng theo BET (Tristar 3000-Micromeritics, USA) va tur két
mau rung Magnet B-10 Vibrating VO'l tan s6 rung trong khoang 50 - 80 Hz, nam cham dién mot
chiéu tao tir truong tic dung vao mau co cuong do thay ddi trong khoang + 13400 Oe.

Thiét bi UV-Vis hdng GENESYS 10S dugc sir dung dé xac dinh ham lugng Cr(VI) trong
dung dich tai budc song khao sat 540 nm véi thudc thir str dung 1a 1,2 - diphenylcarbazide trong
moi tru(‘mg H3P04.

2.2. Phwong phap nghién ciru
2.2.1. Ché tao hé nanocompozit tu tinh Fe30,4/Chitosan
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Vit liéu nanocompozit tir tinh Fe;0,/Chitosan duoc tong hop theo quy trinh véi hai giai doan
gom [15]:

Giai doan 1: Tong hop nano sit tir Fe;0, tir bun do Tay Nguyén bang phwong phép dong két
tira v&i su hd tro clia séng am trong mdi truong Ny: Can 10 g bun do6 sau xir Iy phan tan vao 100
ml nude cit, bd sung FeCl,.4H,0 vao dung dich bun d6 dé dat ty 18 mol cua Fe®*/Fe*'=1/2. Hon
hop phan ng sau dé duoc siéu 4m dau do (cudng d6 500 W, bién do 40%, 5s/xung), dong thoi
suc khi N, va nho tir tir dung dich NH; 25-28% vao binh phan tmg sao cho hé phan ung duy tri
pH trong 9 dén 10. Hé phan ung s& chuyén dan tir mau vang sang mau nau sau d6 thanh mau
den. San pham thu duogc bang cach loc rira nhiéu lan v6i nudc cat théng qua mot thanh nam
cham, sau d6 dugc rira 2 1an véi ethanol, sdy qua dém & 65 °C.

Giai doan 2: Toéng hop hé nanocompozit tir tinh Fe;04/Chitosan bang k¥ thuat siéu am:

Dung dich chitosan 1% duogc chuan bi nhu sau: can 0,5 g chitosan dugc phan tan trong 50 ml
dung dich axit axetic IN va siéu 4m hé trong 15 phat. Tiép tuc bd sung nano FesO, téng hop
dugc & giai doan 1 dé thu duoc hé nanocompozit tr tinh Fe3O,/Chitosan véi ham lugng chitosan
khac nhau. Hé tiép tuc dugc siéu am 30 phit & 60 °C. San pham thu duoc duoc 1am kho 24 gio
trén dia Petri thuy tinh & 60 — 70 °C dé thu dwoc san pham nanocompozit Fe;O,/Chitosan. Ky
hiéu mau tuong Ung theo ham lugng phan tram chitosan tir 3-15% lan lugt 1a FeCS1 (3%),
FeCS2 (5%), FeCS3 (10%), FeCS4 (15%).

H¢ vat liéu nanocompozit Fe3O,/Chitosan duoc nghién ciru danh gia dac trung ’céu trac bang
cac phuong phap phan tich cong cu va nghién ctru dong hoc dang nhiét qua trinh hap phu loai bo
Cr(V]) tr mo6i truong nudce.

2.2.2. Nghién ciru dong hoc hdp phu Cr(VI) ciia vt liéu nanocompozit Fe;0,/Chitosan
Trong qua trinh nghién ctru, dung lwong hip phu Cr(VI) cta vat liéu nano compozit
Fe;0,4/Chitosan tinh theo cong thirc [9]:
Co — Cp)
q= (0—th 1)
m
~ Trong d6: V la thé tich dung dich (1); m: Khéi lugng chat hip phu (g); Ci la nong do chét bj
hap phu trong dung dich ban dau (mg/l); Cs la nong do chat bi hap phu trong dung dich tai thoi
diém can bang (mg/1).

Nghién ctru dong hoc hap phu dang nhié¢t Cr(VI) cua vt liéu nano compozit Fe;04/Chitosan
s€ dugc tien hanh thong qua cac m6 hinh hap phu dang nhiét Langmuir, Frendlich, mé hinh gia
dinh dong hoc bac 1, mé hinh gia dinh dong hoc bac 2, mé hinh dong hoc khuyéch tdn va mé
hinh Enlovich.

Phuong trinh déng nhiét hip phu Langmuir dang tuyén tinh (2) va phuong trinh hap phu
Frendlich (3):

G 1 1

Ce + 2
4  Gmax | Omax K @)

Omax 14 dung lugng hap phu cuc dai cta vat liéu, b la hang s6 Langmuir. Thong qua dd thi su
phu thudc C/g vao Cs sé xac dinh duge cac hang s6 (K, gmax) trong phuong trinh: tgo = 1/qmax.

1
logq. = logKp + Hlogce (3)

_OevaCe lan luot 1a dung luong hap phu va ndng do hép phu tai thoi diém can bang, K¢ 1a
hang Frendlich, n 1a thong s6 thue nghiém. Thong qua d thi sy phu thudc logqe vao logC, sé€ xac
dinh dugc cac hang s6 Kg van.

Phuong trinh tuyén tinh cua m(} hinh gia dinh dong hoc bac 1 (4), m‘(”) hinh gia dinh dong hoc
bac 2 (5), mo6 hinh dong hoc khuyéch tan (6) va moé hinh Enlovich (7) gom:
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In(9e - ) = In(Qe) - kot (4)
Trong d6: ky (min™) 1a hing sb tdc d6 cua qua trinh dong hoc hip phu béac 1; qe, g; la dung
lwong hap phu tai thoi diém cin bang va thoi diém t.
TEot (5)
ar  qe  kz.qc°
Trong d6: k, (mg/g.phut) 1a hing s6 toc d6 cua qua trinh dong hoc hip phu In (q) = In (kp) +
0,5.In (t) (6). Trong do ko (mg/g.(phat)®®) 1a hé sb khuech tan. Phuong trinh (7), trong d6 o
(mg/g.phit) 12 hing s6 hap phu va B (g/mg) 1a hang s6 khir hdp phu ciia phuong trinh kiéu
Elovich:

1 1
= =In(ef)+ =In(t
%= 5 (af) 7 (t)
Hing s6 toc d6 hap phu ki, ko, kD,‘oc, B d6i voi Cr (VI) dugc tinh toan tur do ddc cuia db thi tuyén
tinh cua In (qe - Q) so voi thoi gian, do thi gitra t/q; so vdi t va do thi cda In (qr) so voi In (t).
3. KET QUA VA THAO LUAN
3.1. Pic trung cu tric ciia vt li¢u nanocompozit tir tinh Fe;O,/chitosan

CAu tric pha va cac lién két dic trung cua nano Fe;O4 dugc ché tao tir bun do Tay Nguyén co
mat trong h¢ nanocomposit Fe;O,/Chitosan vdi ham lugng chitosan 10% dugc danh gia thong
qua phé nhiéu xa tia X, IR. Hinh 1 (a, b) 1a phé nhiéu xa tia X va phé FT-IR ctia cac mau vat liéu
nghién ctru.
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Hinh 1. Phé nhiéu xa tia X (a) va phé FT-IR (b) ciia mau vdt liéu nanocomposit Fe;O,/Chitosan.

Két qua phé nhiéu xa tia X cho tai hinh la cho théy, ¢ su xuit hién cua cac dinh dic trung
cho céu tric cta nano FezO, trén tai gbc 20 lan luot 1a: 30,5; 35,8: 59,1 va 62,3 twong Ung voéi
cac mat mang (200), (103), (321), (400) ching t6 da co sy hinh thanh pha tinh thé ctua Fe;O,
trong h¢ [4, 15]. Ngoai ra, c6 hai dinh dac trung tai goéc 26 & 10,2 va 20,3 ching té sy ¢6 mat cia
chitosan trong h¢ vat liéu nghién ctu [16, 17].

Két qua phd hong ngoai tai hinh 1b cho thdy, sy c6 mit cia cac dinh tai cac sd song khac
nhau déc trung cho sy ¢6 mét ciia cac dao dong cua cac lién két, nhém chirc c6 mit trong hé vat
liéu nano compozit Fes04/CS gom dinh dic trung tai sd song 3426 cm™', 1628 cm™' dic trung
cho dong cua nhom -NH,, OH ¢6 mit trong vat liéu CS, thém vao d0, c6 hai dinh tai ving s6
s6ng 1028 cm™ thé hién cho su c6 mit cia nhoém B(1- 4) glycosidic va lién 1ét C-0-C trong vong
glucose [17]. Cling nhu sy c6 mit cua cac dinh tai s6 song trong ving 2924 - 2856 cm™ dic trung
cho dao dong cua lién két C-H c6 mat trong phan tir CS. Pac biét sy c6 mat cia dinh tai sb séng
585 cm™ dic trung cua cho dao dong cua lién két Fe-O, chiing té sy c6 mat cia thanh phén
Fe;0, trong h¢ nanocomposite [4, 15].
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bé tha‘iy 13 duge su khac nhau vé hinh thai hoc va tinh cht tir cua vat liéu nghién ctru, Kkét qua
danh gia hinh thai bé mat va do tir hoa bao hoa ctia mau nanocomposit Fe3O4/Chitosan vdi cac
ndng do chitosan tai dieu kién khao sat gdbm 3%, 5%, 10% va 15% dugc cho tai hinh 2 va hinh 3.

IMS-NKL 5.0kV 4.2mm x200k SE(M) IMS-NKL 5.0kV 5.4mm x200k SE(M)

FeCS1(3%) FeCS2(5%)

T Fe.O.
\

/ Chitosan

FeCS3(10%) FeCS4(15%)

Hinh 2. Anh FESEM ciia mau vat liéu nanocompozit Fe304/CS tai cac néng do CS khac nhau.

Két qua chyp anh FESEM tai hinh 2 cho théy, sy phan bd cac hat FezO,4 trén chit nén
chitosan, cho thy rd duoc khi ham luong chitosan ting dan thi do phan tan cua cac hat FesO,
déng déu hon va dén ham lugng 15% thi c6 hién tugng tao mang chitosan bao boc mot cum cac
hat Fe;0,. Cu thé v6i ham lugng CS nho chiém 3% céc hat nano Fe;O, phan tan chua déu trén bé
mit chat nén chitosan do do, tao ra céc 13 xép 16n trén bé mat mau. Khi tang ham lugng CS 1én
5% va 10%, cac hat nano Fe;O, v6i kich thudce 20-50 nm phan tan twong d6i dong déu trén bé
mat chét nén, qua do kiém soat duoc kich thude hat cua hé va giam dugc qua trinh két tu cua céc
hat Fe3O,4 theo thoi gian. Tiép theo dé lam can ctr lwa chon ham luwong chét nén CS, tiép tuc danh
gi4 tinh chit tir cia mau nghién ctu. Phép do VSM cua mau vét liéu nanocompozit
Fe;0,4/Chitosan dugc thuc hién ¢ nhiét d6 phong va két qua duoc trinh bay trong hinh 3.

Két qua tai hinh 3 cho thdy, tir 46 bdo hoa cua cic nanocompozit Fes0,/CS gdm FeCSl,
FeCS2, FeCS3, FeCS4 twong tmg lan luot 13 1a 58,2 emu/g; 54,3 emu/g; 50,2 emu/g; 32,0 emu/g.
Két qua thu dugc d9 tir hod bio hoa ctia cic mau giam dan khi ndng d6 CS ting. Trong do6, véi
ndéng d6 FeCS4 c6 tir o bdo hoa cua mau giam manh xubng gan 50% so v6i mau FeCS3, diéu
nay duoc giai thich 1a do 13 do chét nén chitosan bao quanh cac hat nano sét tir v6i ham luong
tang dan khi ting ham luong chitosan. Cung véi két qua chup anh FESEM ciing cho thiy o
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dugc phan b cta nano sat tir Fe;O, trén mang chitosan. Ngoai ra, dién tich bé mit riéng va phan
bo kich thudc mao quan ciia mau FeCS3 dugc cho bdi hinh 4.
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Hinh 3. Puong cong tir hod ciia cdc mau vt liéu nanocompozit Fe;0,/CS.
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Hinh 4. Puong hap phu-khir hdp phu Ny (a) va phdn bé mao quan (b) ciia méu
vét liéu nanocompozit Fe30,4/CS.

Két qua nghién ciru tai hinh 4 cho thdy, duong dang nhiét hap phu - giai hip phu cua vat ligu
nano compozit FesO,/Chitoasan thudc dang IV theo IUPAC v6i dang cua dudng cong tre loai
H3, dac trung cho vat liu mao quan trung binh ¢6 mao quan hinh khe, hinh chir [18]. Két qua
nghién ctru ciing cho biét dién tich bé mr;fltvriéng cua vat liéu theo BET dat 64,14 mz/g; duong
kinh mao quan trung binh dat 20,13 nm, thé tich mao quan 0,22 cm3/g, trong do tai duong phan
b6 mao quan BJH ciing cho thay rang he mao quan thu dugc phan bd trong khoang hep va tuong
d6i dong déu. Can ctr vao cac két qua nghién ciru trén, vat liu FeCS3 chira 10% CS tiép tuc
dugc lya chon dé nghiém ciru dong hoc qua trinh hip phu Cr(VI), trong mdi trudng nudc.

3.2. Pong hoc hap phu ding nhiét Cr(VI) ciia vat liéu nanocompozit tir tinh Fe;O,/Chitosan
trong méi trwong nwéc

Dung luong hdp phu cuc dai cua vat liéu nanocompozit tir tinh Fe3O4/Chitosan trong moi
truong nudc duge xac dinh thong qua mo hinh déng nhiét hap phu langmuir va Frendlich. Qua
trinh hap phu duogc tién hanh ham lugng chat hap phu 1a 1g/1, nong d6 khac nhau trong khoang tir
0-150 ppm, pH = 6,0, thoi gian hap phu 90 phut, tai nhiét d6 phong (25+0,5 °C), toc do lic 200
vong/phut. Sau thoi gian khao sat loc dung dich dudi tac dung ctia mot tir truong ngoai, dung
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dich sau loc dugc xac dinh ham lugng Cr(VI). Két qua khao sat anh hudng noéng do dau cua
Cr(VI) dén dung lugng hap phuc cta vat liéu va duong hap phu dang nhi¢t langmuir, Frendlich
cua vat liéu trinh bay trong hinh 5.

0.90 1 Langmuir Frendlich

4.0
|

0.75 4 35

0.60 +
= 3.0
=
S =3
g £
I's) 0.45 4 25

y=0.12491x+0.01797 y=2.05215x+0.53628

2
030 R2=0.99379 R"=0.95
0.15 4 ! 5
T T T T T T T T T
0 10 20 30 40 50 -1 0 1 2 3 4
Ct (mg/L) LnCt

Hinh 5. Puong ding nhiét Langmuir va Puong dang nhiét Frendlich
cua vat liéu nanocomposit Fe30,4/Chitosan.

Tu k’ét qua md hinh dong hoc hap phu dang nhiét Langmuir va Freundlich xac dinh duoc cac
thong s6 dong hoc hap phu, két qua dugc trinh bay tai bang 1:

Bing 1. Théng sé dong hoc ciia Fes04/Chitosan hdp phu Cr(VI)
theo m6 hinh Langmuir va Frenudlich.

Langmuir Frendlich

cImenx 2 2
Ke | mglg) R. (I/g) R 1/n Ke(lg) | R

0,1439| 55,65 |0,0475<R.<0,4076| 0,9937 | 0,53628 7,7846 |0,9500

3- 40

In(qe-al)

T T T T T T T T
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
t (phat) t (phat)

Hinh 6. Phuong trinh dong hoc gia dinh bdc 1 va phwong trinh gia dinh bdc 2.
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Két qué tai hinh 5 va bang 1 cho thdy, dung luong hip phu cua vat liéu ting khi ndng do
Cr(V1) tang, qua trinh hap phu Cr(VI) ctia vat liéu nanocompozit Fe;O4/Chitosan phu hop voi
mé hinh hip phu Langmulr voi mirc do tuyén dinh dat gia tri cao hon nhiéu so v&i mé hinh hap
phu Frenudlich va gia tri R, thu dwoc nam trong khoang tir 0 dén 1. Tai nhiét d6 25 °C, cho dung
luwong hép phu cuc dai dat 55,65 mg/g. BPong hoc qua trinh hép phu cua vat liéu dugc luén van
tién hanh gia dinh tuan theo phwong trinh bac 1 va phuong trinh bac 2. Hinh 6 1a phuong trinh
gia thiét cia dong hoc bac 1 va bac 2.

Bdng 2. Cac thong $6 dong hoc cua qua trinh loai bo Cr(VI) doi véi vt lidu Fe;04/Chitosan.

Nong dd \ A
cr(vl) Phuong t;‘;‘chld‘-’“g hoc | He 56 hdi quy (R?) | Hing sé ki (phat?)
(ppm) '
10 y=-0,02092x+0,71298 0,71843 0,02092
15 y=-0,02454x+0,064258 0,5727 0,02454
20 y=-0,02243x+0,16787 0,79935 0,02243
Nﬁng df:) . A M A
Cr(VI) Phuwong tl‘{nh dong hoc H s6 hdi quy (RZ) Hang sork_z1
béc 2 (mg/g.phat™)
(ppm)
10 y=0,20284x+0,36657 0,99981 0,1222
15 y=0,13239x+0,33034 0,99945 0,0531
20 y=0,10119x+0,16602 0,99949 0,0617

Két qua nghién ciru tai hinh 6 va bang 2 cho thay, mé hinh dong hoc qua trinh hip phu Cr(VI)
cua hé vat liéu Fe304/Chitosan phu hop v6i mé hinh dong hoc bac 2, tuong tng vdi cac gia tri R?
thu dugc trong khoang 0,99949-0,99981. Trong khi d6, hé s6 hdi quy khi gia dinh qué trinh dong
hoc hép phuy tuan theo phwong trinh gia dinh béac 1 kha thap trong khoang tir 0,57827-0,79985.

CY (b)
10 y=-17.91134x+25.9592
7 2,
= 10 ppm K . A R“=0.71257
e 15ppm .
9 4 20 ppm

A y=12.20633-9.44226 2

R?=0.97541

A
y=-13.71984x+19.9438
R?=0.80352

-12.89986x+18.02001
R?=0.78162

y=

q (mg/g)
Ing,

y=9.85434x-8.1728
R?=0.92865

e 15ppm n
-3 1 A 20 ppm A
y=4.37699x-2.06719 =
R?=0.99903 A

T T T T T T -4 T T T T T

1.50 1.55 1.60

Int Int

Hinh 7. Phirong trinh dong hoc Elovich (a) va phwong trinh ddng hoc khuéch tan (b).

Nghién ctru dong hoc hép ciia Fe;0,/Chitosan tiép tuc duoc danh gia v6i dong hoc qua trinh
khuéch tan va mo6 hinh Elovich. Hinh 7 1a phuwong trinh duong thang mé hinh dong hoc khuéch
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tan va enovich. Két qua cho tai hinh 7a, cac gia tri hdi quy ¢ cac khoang néng do dau cua Cr(VI)
nghién ctru 1an lugt 1a 0,97542; 0,92865 va 0,99903 cho thiy cac gia tri gan 1. Chimg t6, qua
trinh hap phu Cr(VI) trén vat liéu nghién ctru Fe;0,/Chitosan twong dbi phu hop véi md hinh
dong hoc Elovich. Diéu d6 cho thiy, qua trinh hip phu Cr(VI) trén vat liéu nghién ctru véi ca co
ché hap phu hoa hoc va hap phu vat 1y, tuy nhién qué trinh hap phu hoa hoc chiém wu thé.

Két qua nghién ciru mé hinh dong hoc khéch tan tai hinh 7b cho thiy, hé s6 hdi quy twong ddi
thap v6i nong do 10, 15 va 20 ppm cho cac gia tri 1an luot 1a 0,78162; 0,80352 va 0,71257.
Chung to trong khoang nong do nghién ctru qua trinh khuéch tan trong hé nghién ctru it anh
hudng dén qua trinh hap phy Cr(VI) trén bé mit mau vat lidu.

4. KET LUAN

Vit liéu nanocompozit tir tinh Fe;04/Chitosan dugc tong hop bang k¥ thuat sidu 4m tir bun do
Tay Nguyén, voi ham lugng chitosan 10% cho dién tich bé mat riéng cua vat liéu theo BET dat
64,14 m?/g va do tir hoa bio hoa 50,2 emu/g. Céac hat nano Fe;O, phan bd tuong dbi dong déu
v6i kich thude trong khoang tir 20-50 nm trén nén chitosan. Dung lugng hap phu Cr(VI) cta vét
liéu nanocompozit Fe3O4/Chitosan dat 55,65 mg/g tai pH = 6, ham lugng chét hép phu 14 1,0 g/l,
thoi gian hdp phu 90 phut. Pong hoc hip phu ding nhiét Cr(VI) trén vat liéu nanocompozit
Fe;04/Chitosan dugc chiing minh phu hgp véi mo hinh dong hoc gia dinh bac 2 va phuong trinh
dong hoc Elovich. Véi cac nong do Cr(VI) tir 10 dén 20 ppm cho hing s6 k, (mg/g.phit™) trong
khodng tir 0,0531 dén 0,1222.
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ABSTRACT

Ultrasound assisted synthesis of Fe;O4/Chitosan nanocomposites
from Tay Nguyen red mud and kinetic study of Cr(VI) in aqueous solution

Red mud in the Central Highlands is the waste sludge of the process of aluminum
production from bauxite ore by the Bayer method. This paper uses red mud from the
Central Highlands combined with chitosan to fabricate Fe;O,/Chitosan magnetic
nanocomposites by co-precipitation with the help of ultrasonic techniques. Characteristic
properties of FesO,/Chitosan magnetic nanocomposites were evaluated by analytical
methods X-ray Diffraction, FT-IR, FESEM and BET. Kinetics of Cr(VI) adsorption in an
aqueous medium of FezO,/Chitosan nanocomposites was studied through Langmuir,
Freundlich isotherm adsorption models and assumed first and second-order kinetic
equations, diffusion kinetics, and Elovich equations. The research results show that the
Fe304/Chitosan magnetic nanocomposite system with a content of chitosan ranging from
3% to 15% corresponding to the saturation magnetization of the system reaching 32 —
58,2 emu/g. With a chitosan content of 10%, the nanocomposite system's maximum
adsorption capacity with Cr(VI) in aqueous solution and specificity surface area
(according to BET) reached 55.65 mg/g and 64.14 m?g, respectively. The adsorption
process of Cr(VI) on Fe;O4/Chitosan nanocomposites showed that consistent with
Langmuir isotherm tissue, the assumed second order kinetics and Elovich equations.

Keywords: Red mud; Fe;O,4/chitosan; Kinetics of Cr(VI) adsorption.
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