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Abstract

Magnetic Fe;Og4/activated carbon composite have been prepared by hydrothermal reaction with homogeneous
morphology. The value of saturation magnetization Mg > 10 emu/g was obtained. Langmuir isotherm model was used
to investigate the adsoprtion of Alizarin yellow-G dye on Fe;O4/activated carbon composite. Results showed that the
maximum adsorption capacities q.x were higher than 350 mg/g.

1. MO PAU

Dung dich nuéc thai trong cong nghi€p nhudém chira
mot lugng 16n phim mau nén doi hoi can phai duoc
xtr 1y hodc thu hdi truéc khi thai ra méi trudng [1,
2]. Cac hat tir tinh tmg dung dé xir 1y cac van dé moi
truong nhan dugc nhiu sy quan tdm trong nhiing
nam gén day. Puoc dung tao compozit vdi cac vat
liéu hdp phu nén sau khi hap phu, c6 thé tach khoi
mdi trudng bang quy trinh don gian bang viéc sir
dung tr truong ngoai nhd mdt nam cham. Cac hat
compozit tir tinh c6 thé duoc ding dé hap phu cac
chét 6 nhidm tir trong nudce: cac chit 6 nhiém hitu co
nhu thudc trir sau, phenol, clorobenzen, cloroform,
cac pham mau hitu co, asen, hap phu cac cation kim
loai hay cac chat khi thai,... [3 - 10].

Pham mau Alizarin vang G 1a hop chit dugc sir
dung chu yéu trong nganh céng nghiép dét nhuém &
Viét nam; thudc nhom hop chit azo c¢6 cong thirc
phan tur C13HgN3NaOs: 2-hydroxy-5-((3-
nitrophenyl)azo) benzoic axit natri. Trong nghién
clru ndy, ching t6i da tién hanh tong hop vt lidu
compozit tir tinh Fe;O4/cacbon hoat tinh bang quy
trinh tong hop thuy nhiét va lya chon Alizarin vang
G dé nghién ctru kha niang hap phy cta né trén vt
liéu hép phu compozit tir tinh Fe;O4/cacbon hoat
tinh.

2. THUC NGHIEM

Cac hoa chat chinh dwoc sir dung trong nghién
ciru gébm: FeCl;.6H,0 (> 99%), FeSO,7H,0 (>
99%), KOH (> 82%), NaOH (> 96%), HNO; (65 -
68%), cdn tuyét ddi (99,5%), cacbon hoat tinh va
pham mau Alizarin vang G.

2.1. Diéu ché compozit tir tinh Fe;O,/cacbon hoat
tinh

Cacbon hoat tinh duoc tinh ché lai béng cach
ngim tam lan luot trong cac dung dich NaOH va
HCI, rira sach bang nudc cét, siy kho va bao quan
truge khi dem sir dung.

Hoa tan hai muoi Fe(Il), Fe(Ill) vao mdt lugng
nuéc vira du trén may khudy tir. Tiép dén, thém
cacbon hoat tinh theo ti 1& [Fe(Il),Fe(Il)]/C = 1/3.
Dung KOH diéu chinh hdn hop phan tmg dén pH =
12. Chuyen toan bo hon hop phan tng vao binh thuy
nhiét, 15i bang Teflon, va dem xur Iy nhiét [1 1]. Sén
pham thu duogc sau phan tng dugc rira sach dé loai
tap chat, loc va sdy kho.

San pham sau khi tong hop dugc nghién ciru cac
dic tinh va tinh chat : X4c dinh pha bang nhiéu xatia
X trén thiét bi nhiéu xa D8 Advance Bruker (AcuK s
1,5418 A, 20 steps = 0,03°/step). Hinh thai hoc hat
vat liéu dugc quan sat trén kinh hién vi dién t& quét
phan giai cao HITACHI S-4800. Phan tich nhiét vi
sai (TG/DTA) cac mau duge thue hién trén thiét bi
SETARAM TG-DTA 92 (tbc d6 gia nhiét
10°C/phit, khi quyén khong khi). Do tir hoa bio hoa
cua vat liéu tir tinh xdc dinh trén thiét bi tir ké mau
rung DMS 880.

2.2. Nghién ciru kha niing hip phu cia vat liéu
compozit tir tinh Fe;O4/cacbon hoat tinh doi véi
pham mau Alizarin vang G

Thoi gian can bang hip phu cua vat liéu hap phu
dbi vai chat duge hép phu dugc ching t6i xac dinh
bang thuc nghiém 1a sau 1 gio.

bé xac dinh kha nang ha"ip phu cuc dai cua vat
lidu, ching t6i tién hanh khao sat qué trinh hip phu
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Alizarin vang G & diéu kién nhiét o 25°C. Néng do
déu cua chat bj hap phu (C)) thay dbi tir 100 + 2000
mg/L dung dich. Lugng vat li¢u hap phu dugc st
dung trong mdi thi nghiém 1a 0,10 gam trong binh
nén chira 100ml dung dich Alizarin vang G (pH = 6
+ 7). Toan bd hdn hop trén duge khudy déu trong 30
phut va dé yén trong 3 gio. Sau do, thu lay dich loc
va xac dinh lai ndng d6 phdm mau bing phuong
phap do quang trén thiét bi tric quang UV-Vis Hach
D-4000 tai budc song cuc dai 415 nm. Cac két qua
thuc nghi€ém dugc xtr 1y trén co s phuong trinh 1y
thuyét hip phu Langmuir.

3.KET QUA VA THAO LUAN

3.1. Vit liéu Fe;0,, compozit tir tinh
Fe;04/cacbon hoat tinh

Cacbon hoat tinh 1 vét liéu hap phu dugc sir
dung rong rai trong cong nghiép vdi cac uu diém co
d6 dong nhét cao, dién tich bé mat riéng 16n, cau
trac vi mao quan va bén viing [2, 4]. St dung
cacbon hoat tinh nhu vat li¢u nen bing phuong
phap thuy nhiét, ching t6i dd tong hop miu bot
Fe;O, va hai dang mau compozit tu tinh
Fe;0,/cacbon hoat tinh: mau 1- st dung truc tiép bot
cacbon hoat tinh sau xur ly (ky hiéu 1a MB); mau 2-
st dung cacbon hoat tinh sau xur Iy va dugc hoat hoa
tiép v6i HNO; trudc khi tron phan tng (ky hidu la
MBH).

Gian d6 nhidu xa tia X cta vat liéu vé&i cac pic
déc trung cho pha Fe;O; (hinh 1), chimg to vt liéu
Fe;04 thu duogc bang phuong phap dleu ché thay
nhiét c6 do tinh khiét cao. Trén hai mau compozit
MB va MBH thay su ¢ mat cua cac pic tng voi pha
Fe;04bén canh cac pic déc trung cho pha cacbon.

(1) : MBH
(2): MB
(3):Fe,0,
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Hinh I: Gian dd nhiéu xa tia X cac mau theo thir tu
Fe3O4, MB va MBH
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b6 tir hoa bao hoa cua vat liéu duoc xac dinh tr
cac duong cong tir hoa ¢ nhiét d6 phong (hinh 2).
Hai mau compozit tir tinh MB va MBH c6 36 tir hoa

Kha néng hdp phu pham mau...

bdo hoa thap hon hin so véi miu Fe;O4 diéu ché
trong cung diéu kién. Gia tri d6 tir hoa bdo hoa (Ms)
cta Fe;0,, MB va MBH lan luot 1a: 80,65 emu/g,
11,59 emu/g va 10,21 emu/g; so voi gid tri 2,78
emu/g trong nghién ctru cia N. Yang [3], va 12,4
emu/g cta Z. Wang [12] d6i véi vat liéu compozit
Fe;O4/cacbon hoat tinh. Anh chup SEM cua vat liéu
compozit Fe;O4/cacbon hoat tinh (MB, MBH) cho
thiy cac hat Fe;O4 phan tan dong déu trén bé mat
cua cacbon hoat tinh va c6 do déng nhét cao véi
kich thudc hat trung binh nhé hon 40 nm (hinh 3).
Két qua trén hoan toan phu hop voi nhitng nghién
cuu cua cac nhom tac gia N. Yang [3], L. C. A.
Oliveira [4], va Q. L. Zhang [9].
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Hinh 2: Pudng cong tir hoa cac mau theo thir tw
Fe3O4, MB va MBH

3.2. Khio sit kha ning hip phu cia vat li¢u
Fe;0,4, compozit Fe;O,/cacbon hoat tinh

Cac ly thuyét hiap phu dang nhiét Freundlich,
Langmuir va BET thuong dugc st dung dé nghién
clru cho cac qua trinh hap phu. Thyc nghiém chi ra
rang, ly thuyét hip phu ciua Langmuir cho két qua
gan dung hon ca trong trudng hop vat liéu hip phu
1a cacbon hoat tinh va cac vat liéu bi hap phu thuong
1a cac pham mau [2, 3]. Phuong trinh (1), (2) 1a cac
dang ctia phuong trinh Langmuir :

B b.Cp 0
1= dmax- 1 0
C
£ = ! CE + ! ,
q 9max b.q max
codang Y=A.X+B (2)

Trong d6: ¢ 1a lugng chét bi hép phu boi 1 gam chét
hép phu (mg/g), b 1a hang s6 hap phu Langmuir
(L/mg), Cg 12 ndng do chit bi hap phu lic cin biang
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hap phu (mg/L), ¢ 12 dai lwong hap phu cuc dai
(mg/g).

Kha ning hdp phu coa vat liéu compozit
Fe;04/cacbon hoat tinh (MB, MBH) d6i véi pham
mau Alizarin vang G dugc khao sat trong dung dich
nuée. Hinh 4 1a @6 thi biéu dién sy phu thudc cua
Cy/q vao Cp (phuong trinh 2) va duong hip phu
dang nhiét Langmuir cia cac vat liéu hap phu
cacbon hoat tinh, MB va MBH dugc xt 1y tir cac két
qua thuc nghiém.

Hinh 3: Anh chup SEM mau vat liéu Fe;04/cacbon
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Hinh 4: Buong hap phy d:fmg nhiét Langmuir cua
cac vat liéu hap phuy

Céac duong thing dang nhiét hap phu thu duoc
v6i hé s hoi quy thuc nghiém tuyén tinh R’ c6 do
tin cdy tuong dbi cao. Két qua khing dinh su hép
phu phim mau Alizarin vang G trén nén vt liu
cacbon hoat tinh va compozit Fe3O4/Cacb0n hoat
tinh la hap phu hoa hoc va tuén theo ly thuyét hap
phu ding nhiét Langmuir. Cac hé s0 4, B cua
phuong trinh (2) va cac hing s6 biéu thi cho phuong
trinh hap phu Langmuir ¢,,.., b dugc tom tat trong
bang 1.

Hing s6 hap phu Langmuir b rit nho giai thich

Bui Thai va cong su

su tuong tac manh giira chat hap phu va chat bi hip
phu. Kha nang hdp phu ciia cic vat lidu hap phu
cacbon hoat tinh, MB, MBH giam dan va gia tri hip
phu cuc dai ge, ¢ diéu kién ding nhiét 25°C, tuong
mg lan lugt 1a 565, 505, 355 mg/g; so v&i gid tri
Gmax = 35 mg/g do duoc trén vat liéu bot Fe;04 trong
cung diéu kién thyc nghiém. Sy giam manh gia tri
Gmax trén vat liéu compozit MBH so vai vat ligu MB
cho thiy viéc hoat hoa bang HNO; ddi véi vat ligu
cacbon hoat tinh truéc khi tron hdn hop phan ting
tao compozit Fe;O4/cacbon hoat tinh hoan toan
khong c6 lgi ca vé mit tinh chat tir tinh va kha ning
hép phu cua vat liu ddi v6i pham mau Alizarin
vang G. Co thé giai thich trén co s& khi hoat hoa
bang axit HNO;, s€ tao cac tdm hoat dong ua nudc
trong céu tric mao quan va trén bé mat cua cacbon
hoat tinh nhu da chi ra trong nghién ctru cua N.
Yang cung cong su [3]. Do do, nd de dang 161 kéo
céc chét phan tng nhiéu hon hoac gan tryuc tiép trén
bé mit, hodc di sdu vao trong ciu tric mao quan cia
cacbon hoat tinh dé tao cc hat nano Fe;O4, nén 1am
giam dién tich bé mit riéng, tir d6 giam kha niang
héap phu cua vat liéu. Hinh 5 1a cac duong phan tich
nhiét khéi luong (TG) cho vat liéu Fe;04, MB va
MBH thyc hién trong khi quyén khong khi.

Bdng 1: Hang sb trong phuong trinh dang nhiét hap
phu Langmuir cua cac vat liéu hap phu khac nhau
do1 voi pham mau Alizarin vang G

ER U A D S I
Choattinn | 177£6 | 49,68 | 0,992 | 565+20 0,036
MB 198+6 | 84,61 | 0,994 | 505+15 0,023
MBH |283+39 120,04 | 0,914 | 355+40 0,024
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Hinh 5: Gian db phan tich nhiét (TG) cta cic mau

Fe;04, MB va MBH
Voi vit liéu Fe;04, trén duong TG co6 sy ting
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khdi lugng ~ 1,7% twong tmg véi qua trinh oxi hoa
hoan toan Fe;O4 thanh Fe,O; nhu da chi ra trong
nghién ctru trudce [11]. Vi vat liéu compozit MB va
MBH, khi thiéu két dén nhiét ¢o 900°C, vat liéu MB
¢6 su hut khoi luong nhiéu hon 13,1% so véi vat
ligu MBH. Gia tri nay twong ung véi su chénh 1éch
vé ham lugng cua oxit st trén vat lieu MBH nhiéu
hon so véi vat liéu MB. Két qua nay goép phan lam
sang té luan cr da néu trén.

4. KET LUAN

Stt dung phuong phéap thuy nhiét voi quy trinh
don gian, vat li¢u Fe;0,4 va vat liéu compozit tur tinh
nano Fe;O,/cacbon hoat tinh da duoc tong hop. San
phém thu duogc co6 do déng nhét ¢& hat cao véi kich
thudc hat trung binh nhé hon 40 nm. Pdi vdi cac vt
liéu compozit tir tinh Fe;O4/cacbon hoat tinh, cac hat
tir tinh phan tan déu trén bé mat va trong mao quan
cua cacbon hoat tinh va c6 dd tr hdéa bio hoa
M > 10 emu/g. Cac vit liéu compozit Fe;04/cacbon
hoat tinh déu hip phu t6t pham mau Alizarin vang G
trong diéu kién nghién ctru. Cac két qua thuc nghiém
chimg t6 qué trinh hip phu phdm mau Alizarin vang
G trén cac vat lidu hap phu tuan theo 1y thuyét hip
phu dfmg nhiét Langmuir. Do hép phu cuc dai ctua
cac vat liéu giam theo thur tu: cacbon hoat tinh > MB
> MBH > Fe;0,.

Loi cam on: Bai bdo nay duwoc hoan thanh voi su
giup do kinh phi cua dé tai Nghién cuu ché tgo mot
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Kha nang hdp phu phdam mau...
s6 dang vdt liéu compozit tir tinh, ma s6 QT-08-19.
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