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Tém tit

Trong bai bao nay, than hoat tinh (AC) da duoc téng hop tu tro trdu. Vat lidu mangan ferit trén nén than hoat tinh (MF/AC
(3:7)) duoc tong hop bang phuong phap thuy nhiét ¢ nhiét do 1a 180°C trong 12 gi¢. Kich thude va cu triic ctia vat liéu
dugc phan tich dya trén nhiéu xa tia X (XRD), kinh hién vi dién tir quét (SEM) va quang phd Raman. ‘Qua trinh hap phu-
giai hap nito dugc sir dung dé xac dinh dién tich bé mat (Brunauer - Emmett - Teller (BET)) va d6 xdp cua vit liéu tong
hop duge. Sy hip phu cua xanh methylene (MB) 1én vat liéu MF/AC (3:7) da duoc khao sat. Dung lugng hip thu cia
xanh methylene t6i da dugc xéac dinh 1a 76,923 (mg/g) khi sir dung 0,02 g/50 mL MF/AC (3:7) ¢ pH bang 5, nhiét do
25°C va thoi gian tlep xuc 1a 2 gio. M6 hinh Langmuir va Freundlich da dugc st dung dé thir nghiém cac dit liéu, nhitng
md hinh nay cho thy c6 mbi trong quan. Tuy nhién, sy hap phu MB theo mé hinh ding nhiét Langmuir phu hop hon so
v6i mo hinh Frendlich.

Tir khéa: Than hoat tinh; mangan ferit; thuy nhiét; hip phy; xanh methylene.

Abstract

In the present paper, the composite of activated carbon (AC) derived from rice husks was synthesized. Manganese ferrite
material on activated carbon base (MF/AC (3:7)) was synthesized by the hydrothermal method at 180°C in 12 hours. The
size and structure of the material were analyzed based on X-ray diffraction (XRD), scanning electron microscopy (SEM)
and Raman spectra. The nitrogen adsorption-desorption was used for determination of surface area (Brunauer - Emmett -
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Teller (BET)) and porosity of the fabricated material. The adsorption of methylene blue (MB) onto MF/AC (3:7)) material
was investigated. The maximum methylene blue sorption capacity was found to be 76,923 (mg/g) and obtained using 0,02
9/50 mL MF/AC (3:7) at pH 5, 25°C and contact time as 2 hours. The Langmuir and Freundlich models were used to fit
the experimental data, which showed a correlation. However, the MB adsorption according to the Langmuir isotherm

model is more suitable than the Frendlich model.

Keywords: Activated carbon; manganese ferrite; hydrothermal; adsorption; methylene blue.

1. Pit van dé

Trong nhitng ndm gan déy, nguoi ta da thira
nhan réng thudc nhudom 1a mot mit hang quan
trong dugc sir dung trong nhiéu linh vic cong
nghiép nhu giéy, dét may, da, nhya, thuc phém,
dugc pham va my pham [1]. Viéc tiéu thu thude
nhudm trong cong nghi€p tao ra tdc dong dang
ké dén moi truong vi chiing 13 chéat 6 nhidm doc
hai c6 thé giy ra tac dong gay ung thu ddi véi
cac sinh vét séng [2]. C6 nhiéu loai thuéc nhudom
khéc nhau, trong d6 xanh methylene (methylene
blue dugc ky hiéu MB) 1a thudc nhudém cation
dugc tmg dung rong ri trong nhiéu nganh cong
nghiép. Trong mot sb trudng hop, MB ¢6 thé dan
dén bong hay ton thwong mét 1au dai & ngudi va
dong vat. N6 cling c6 thé anh hudng vira phai
dén suc khoe con ngudi nhu viém mang nio,
thoai hoa than kinh, ting nhip tim va budn non
[3]. Do do, viéc xir Iy nudc thai va nude thai
cong nghiép bi 6 nhiém boi thude nhuém MB 13
can thiét dé lam giam nong do trudc khi thai ra
moi truong nhim giam thiéu tac dong dén hé
sinh thai, doi séng thuy sinh va stc khoe con
ngudi. C6 nhiéu phuong phap khac nhau da
duoc phat trién dé loai bo cac chat doc hai ra
khoi dung dich nuéc, nham cung cip nude sach
cho con nguoi, dic biét 1a cho muc dich nudc
ubng va sinh hoat hang ngay. Chang han nhu két
tua hoa hoc, trao dbi ion, loc mang, tham thau
nguoc [4] va hip phu [5]. Trong d6 hap phu l1a
phuong phap don gian, thuc té, d& 4p dung, tiét
kiém chi phi va cho hi€u qua cao [5]. Than hoat
tinh (Activated carbon, viét tit 1a AC) 1a chat hip
phu thuong duoc st dung trong xir 1y chit thai.
Qua trinh hdp phu bang than hoat tinh c6 wu
diém 1a thé tich 16 xbp cao, dién tich bé mit 16n
va d6 bén nhiét tét. Ngoai ra, qué trinh hip phu

dién ra nhanh chéng va né c6 thé dugc sir dung
dé hap phu cac hop chit khac nhau véi thiét ké
don gian va co thé tai tao [6]. Tuy nhién, dé ting
kha ning hap phu, than hoat tinh c6 thé két hop
Vi cac vat liéu khac dé co nhiing tinh chat méi
nhu chiing ta mong mudén. Bén canh dé cac hat
nano ferrite tir tinh la vat li€u dugc quan tam
phat trién trong nhitng nam gan day vi né cé cac
dic tinh dién va tr doc ddo. Trong sb do,
manganese ferrite (MnFe,Ox) rat quan trong nhd
cac ung dung cta chiing, chang han nhu thiét bi
ghi am, luu trit thong tin, phan phéi thude, cam
bién sinh hoc, cong nghé MRI va xtc tac [7].
Hon nita, n6 dugc cong nhan 1a chat hip phu n6i
tiéng do chtra cac nhom chirc hoat dong va kha
nang lién két ion cao [8]. C6 nhiéu phuong phap
thuong dung dé tong hop hat nano ferit nhu
phuong phap gdém, dong két tua, sol-gel, siy
phun va phuong phap thuy nhiét [9]. Tuy nhién,
phuong phéap thuy nhiét c6 thé tao ra céc hat nho
hon nhiéu, chéng han nhu cum, phén tir, ion va
nguyén tir [10]. Vi vay, trong bai bao nay ching
t6i dé cap dén cac két qua nghién ciru chi tiét hon
vé téng hop vat li¢u MnFe;04 trén nén than hoat
tinh tir tro trdu (MnFe2O4/AC) bang phuong
phap thiy nhiét va ung dung hap phu xanh
methylene trong dung dich nudc.
2. Thuc nghiém
2.1. Héa chdt, vit liéu va thiét bi

Triu dugc thu gom tir mot s6 nha may xay xat
gao trong khu vire dang sinh sdng va duoc bao
quan trong binh hit 4m dé sir dung. Céc hoa chat
sir dung trong nghién ctru 1 cac hoéa chit tinh
khiét dwoc mua tir hing Merck, Puc gom:
HNOs3, NaOH, FeCl3.6H,0,
Mn(CH3C00)2.4H20. Con Ethanol (C2Hs0H)
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va Dimethylformamide ((CH3z)2.NCHOQO) va
methylene blue (MB) dugc mua tir hang
Guangzhou, Trung Quéc. Nudc cét hai 1an (cat
trén thiét bi cit nudc Fistream Cyclon, England)
duoc st dung dé pha ché hoa chét va trang, rira
cac dung cy thay tinh. Cdc thuy tinh chiu nhiét
100, 250 va 500 mL, micropipet cac loai, coc
niken c6 ndp, can phan tich, may khudy tir gia
nhiét, may lic, cbi chay ma ndo, 10 nung, tu séy,
may siéu am Cole — Parmer 8890, cdi chay ma
ndo, binh thuy nhiét (bd Autoclave).

Nghién ctru vat liéu téng hop duoc bang cac
phuong phép vt 1y hién dai nhu: Cu trac tinh
thé dic trung boi su nhidu xa tia X (XRD) cia
mau dugc ghi trén may D8-Advance, Brucker
v6i tia phat xa CuKa ¢6 bude song A= 1,5406 A.
Hinh thai san pham quan sat bang quét kinh hién
vi dién tir (SEM) va phd EDX duoc thuc hién
trén SEM-JEOL-JSM 5410 LV (Nhat) ¢ 10 kV,
phé Raman dugc ghi trén may Micro Raman
LABRAM. Dién tich bé mit riéng duoc xac dinh
bang duong dang nhiét hap phu - giai hip nito
str dung Micromeritics Tristar 3000, noi cac mau
trude do6 da duge khir khi ¢ 120°C trong 12 gio.
2.2. Tong hop AC tir vé triu

Vo6 tréu sir dung trong qué trinh nghién ctru
duoc 14y tryc tiép tir mot s nha may xay xat laa
gao cua cac hd dan thudc huyén Quang Ninh,
tinh Quang Binh. R&i rtra sach va duoc séy kho,
sau d6 dem ngam vai dung dich HNO3z 1 M trong
24 gio dé loai bo cac kim loai nang. V6 trau sau
khi ngdm HNO; duoc rira sach nhiéu lan bang
nudc cat, siy khd o nhiét ¢ 70°C trong vong 12
gio va bao quan trong binh hat am. Cho vé trau
da xur Iy vao day chén nickel ¢6 nap day, nung &
nhiét o 700°C trong vong 2 gio, thu dugc than
trau (BIOC). Can 30 gam BIOC, ngam trong
200 mL dung dich NaOH 1 M ¢ nhiét do 90°C
trong vong 24 gio dé loai bo SiO,, sau d6 ria
sach nhiéu lan bang nudc cat hai lan va sy kho,
thu dugc miu than triu da loai bo silica
(BlOC®°a) Tiép theo, tron 2 gam BIOCS ! v

2 gam NaOH trong chén nickel c6 nip day.
Nung hén hop & nhiét dd 700°C trong vong 2 gio
Rira hdn hop sau khi nung nhiéu 1an bang nuéc
cat dé loai bo lwong NaOH con du, siy khd &
nhiét do 100°C trong vong 24 gio, thu dugc
carbon hoat tinh (AC) [11].

2.3. Tong hop MnFe204/AC

Cho 3,8609 Mn(CH3C0O0)2.4H20 v6i 9,934g
FeCl3.6H20 va 0,210 g than hoat tinh dwoc diéu
ché tir vo trdu (nhu & myc 2.2) vao mdt cdc thuy
tinh 250 mL, thém 150 mL nudc cét, dung may
khudy tir khudy déu, thu duoc dung dich A. Hoa
tan 8,80g NaOH vao 50 mL nuéc cit, sau d6 nho
tung giot dung dich NaOH vao binh chua dung
dich A, tiép tuc khudy déu bang may khudy tu,
gilt dung dich ¢ nhiét d§ phong trong thoi gian
15 phut, xuat hién két tia mau nau den (B). Cho
hdn hop B véo binh teflon 250 mL day nap roi
dua vao by Autoclave, van chat. Thuy phan hon
hop trén bang cach cho bd Autoclave co chira
dung dich B vao 16 nung. Tién hanh gia nhiét &
nhiét d6 1a 180°C vdi thoi gian 12 gio [12, 13],
sau d6 dé ngudi binh thuy nhiét dén nhiét do
phong, thu dugc dung dich chira két ta va cac
chat hoa tan. Gan 1ay két tua rdi rira bang ethanol
va nude cat nhiéu 1an dén pH ~ 7. Cudi cling san
pham dugc siy kho & 60°C trong vong 12 gio,
nghién min ta duoc MnFe204/AC ti 18 3/7 va
dugc ky hiéu 1a MF/AC (3:7).

2.4. Thi nghiém hép phu

Pé khao sat kha ning hip phu xanh
methylene (MB) trén vat liéu MF/AC (3:7), st
dung phuong phap hép phy tinh. Cho 50 mL
dung dich chtra MB véi ndong d6 ban dau khac
nhau tu 15, 20, 25, 30, 35 va 45 mg/L vao cde
binh tam gidc da c6 chua 0,02 gam vat li¢u
MF/AC (3:7). Qua trinh hdp phu dugc tién hanh
trong diéu kién nhu sau (pH = 5, tbc d6 khudy 1a
240 rpm, thoi gian khudy 2 gio) ¢ nhiét d6 phong
khoang 25°C [14]. Sau thoi gian 2 gid, cic mau
dugc loc dé thu lay dich loc. Nong d6 cua MB
trong dung dich loc dugc mang di do méat do
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quang bing may quang phd UV _Vis (UViline
9400) va néng do MB duoc xac dinh theo dinh
luat Beer — Lambert ¢ budc song A = 664 nm.
Ham luong MB bi hap phu (milligram) trong
mdi gram vt lidu dugc xac dinh bang cach sir
dung phuong trinh can bang khéi luong sau day

[15]: q = (€ -Co)xV (1) . Trong do, q la dung
m

luong hip phu (mg/g) ¢ trang thai cin bang,
Co Va Ce 12 ndng d6 ban dau va nong do cin bang

35
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(mg/L) twong tng. V 13 thé tich dung dich (L) vim
14 khéi luong (g) cua vat liéu hap phu dugc st dung,
3. Két qua thao ludn
3.1. Pic trung cdc vit liéu bang két qua XRD
Két qua do miu XRD bang phuong phéap
nhiu xa tia X dugc tién hanh dé thu thap thém
thong tin vé do tinh khiét va do két tinh cia AC
va manganese ferrite trén nén AC (MF/AC
(3:7)), duoc thé hién ¢ Hinh 1.
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Hinh 1. Cac mau XRD cua a) AC va b) MF/AC (3:7)

Hinh la cho thay tét ca cac mau XRD cua cac
cacbon hoat hoa (AC) chura hai dai phan xa (pic)
rong & 20 1a 24,5° va 43,4° tuong Gng v4&i mat
(002) va (101), dugc gan cho mat phang mang
cua cacbon vo dinh hinh [16], (JCPDS 12-0212).
Bén canh d6, miu XRD ctia vat liéu AC thé hién
mot dinh 16n, rong va khong dbi xtmg trong
khoang 10 - 30° do su gian nd khoang cach gitra
cac 16p graphit. Pac biét 13, chi c6 cac dinh nhiéu
xa dién hinh cua than hoat tinh dwgc nhin théy
trong mau XRD va khong quan sat thiy ddu hiéu
cta tap chat. Pidu nay cho thay hiéu qua ciing
nhu tAm quan trong cua viéc xur 1y bang dung
dich bazo. Mit khac Hinh 1b cho thiy, khi cac
hat nano manganese ferrite tir tinh dugc nap vao
than hoat tinh bang phuong phéap thay nhiét thi
cac pic dic trung caa AC khdng con xuét hién,
ma quan sat thay dinh MnFe;Os mot pha
(JCPDS sé 10-0319) d& dang hon. Cac dinh
nhidu xa & 26 thu duge 1an lugt & 30,0; 33,4

35,2;42,7;52,8; 56,3 va 61,6 tuong ung cho mat
phang tinh thé ctia manganese ferrite 12 (220),
(311), (222), (400), (422), (511) va (440) [17].
Va ¢ sy xuat hién cta cac mat phfmg 111, 310
va 541 day c6 thé 1a do sy hinh thanh pha
a-MnO_ (JCPDS 44-0141) [18]. Ngoai ra, than
hoat tinh da duoc tim théy do su hién dién cua
mot lugng 16n dat dinh diém tir 22 dén 28°. Cac
pha tinh thé con lai c6 thé duge hinh thanh do sy
pha hity céu trac phdi tr chira cac vong thom,
chuyén chung thanh cac 16p cacbon hoic ma
tran. Mot nghién ctru trude day di cho rang, cac
hién tuong tuong tu gay ra bdi qua trinh cacbon
hoa khung hiru co kim loai dudi tic dung cua
nito dé pha v& céc lién két phéi tri va hinh thanh
lién két ion nhu cua MnFe 04 [19]. Su ton tai
ctia thanh phan tir tinh nay gitp phéan tach cac
vat liéu hap phu trong khi thanh phan carbon x4p
c6 thé tang cuong kha niang hap phu.
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3.2. Dic trung cdc vit ligu bang anh SEM

¥

IMS-NKL 5.0kV 5.1mm x10.0k SE(M)

IMS-NKL 5.0kV 5.0mm x10.0k SE(M)

Hinh 2. Anh SEM cua a) AC, b) MF/AC (3:7)

Dé quan sat hinh thai hoc bé mat cua vat liéu,
chung t6i tién hanh khao sat vat lieu AC va
MF/AC (3:7) qua anh hién vi dién tir quét SEM
& d6 phong dai 5 pm duogce thé hién 1an luot trong
Hinh 2 a va b. Hinh 2a cho thiy c6 su tap hop
manh mé cua cac hat voi kich thudce vai chuc
micromet, voi ciu trac x6p va ¢ 15. Mot s6 15
rong duge tim thiy trén bé mit cua vat ligu &
Hinh 2a c6 thé 1a do sy hoat hoa cuia NaOH. Béi
khi hoat héa, cac ciu trac x6p v6i cac ranh sau
duoc tao ra trén bé mat do sy khuéch tan cua
NaOH vio cic cau triac xdp ctia cacbon tao ra
cac 16 réng, ma cac 16 rong 16n tao ra dién tich
bé mit cao hon sé& cho phép than hoat tinh c¢6 kha
nang hap phu tét hon [20]. Khi cacbon hoa vat

[N
D
o
o
449,45

lidu MF/AC (3:7) bang phuong phéap thuy nhiét,
thi hinh thai cua vt li¢u thay ddi rd rét nhu trong
Hinh 2b. Két qué cho thiy hinh thai cia MF/AC
(3:7) tré nén ddng déu hon, voi cdu trac da tinh
thé. RS rang khi phan tng xay ra, cac hat tir tinh
dugc téng hop trén AC 1a cc hat nano don phan
tan, ching két hop véi nhau bang co ché gin
dinh hudng, dé thu duoc cu trac thir cap [21].
3.3. Pdc trung cdc vit ligu bang két qui Raman
Muc d¢ grafit hda cta carbon trong vit li¢u
tong hop MF/AC (3:7) da duoc xac nhan thém
bang phd Raman, dugc do trong viing pho tir 100
dén 1200 cm™ va dugc trinh bay nhu & Hinh 3.

—— MF/AC (3:7)

633,18

200 400

600 800

1000 1200

S6 séng/cm-1

Hinh 3. Phé Raman ctia mau MF/AC (3:7)
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Hinh 3 cho théy ¢6 nam ché do hoat dong
Raman bac nhét (Aig + Eq + 3F2g) xuat hién khi
do vat liéu. Di v6i ferit, cac mode & trén 542,36
cm™ hau hét duoc gan cho chuyén dong cia oxy
trong cac nhom tir di¢n AOs va cac mode &
633,18 cm* ¢6 thé dwoc quy mot cach hop 1y
cho Aig tinh d6i xtng. Cac ché d6 tin s thap
khéc thudc vé dic diém cua céc vi tri bat dién
(BO¢). Cac mode ¢ 613,65, 449,45 va 226,11
cm ! thudc loai ddi xtmg Faq, con mode ¢ 301,36
cm ! thudc vé Eq [22]. Bén canh d6, tuy bd sung
mot luong nho AC (1/18 trong lugng) nhung
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dinh (pic thap) dic trung cua dai D xuat hién lan
luot & 1101,38 cm™, tuong trung cho géc carbon
[23]. Nhing diéu trén tiép tuc khing dinh thém
1a d3 diéu ché thanh cong vat liéu MF/AC (3:7).
3.4. Pic trung cdc vit liéu bang phwong phdp
ding nhigt hap phu - gidi hdp phu BET

Kha ning hdp phu bé mit cia cac hat nano
MF/AC (3:7) dugc xac dinh bang k¥ thuat dién
tich bé mit Brunauer — Emmett — Teller (BET)
sir dung cac nghién ctru hap phu / giai hip Nz va
duogc thé hién ¢ Hinh 4.

0.030 b)

./\

0.025

o

o

N

o
1

e B ’ —«— MF/AC (3:7)

+:F
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o
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0.005 +
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Pwong kinh mao quan (nm)

Hinh 4. Gian d6 hap phu - giai hp N> (a) va phan bd mao quén (b) cia MF/AC (3:7)

T duong dang nhiét hip phu/gidi hép
nitrogen ciia MF/AC (3:7) & Hinh 4, c6 thé thay
day 1a dudng cong dang nhiét thudc loai II theo
phan loai [UPAC, véi sy hién dién cua hi¢n
tugng tré, cho thay cau tric cia MF/AC (3:7) thu
duoc cac dac tinh xép. Ngoai ra, dién tich bé mat
BET va thé tich 16 rdng ciia MF/AC (3:7) duoc
do 1an luot 1a 33,25 m%g va 0,046 cm®/g, cao
hon so véi vat lieu MF (21,40 m?/g) ma chiing
t6i dd cong bd mai diy [24]. Bén canh do, Hinh
2b cho thdy, vat liéu c6 ciu triic da mao quan,
phan bd rong, tap trung trong khoang 1,0 dén
55,2 nm phu hop véi nhén dinh khi quan sat anh
SEM va xuat hién cac ving mao quan lén cé
dinh pic ¢ 107,2 nm. Mét khac, duong kinh mao
quan trung binh va cic nhém bé mit da dang nén
thé tich 16 trong khac nhau phu hop cho qua trinh
hap phu cac phan tir c6 kich thude khac nhau.

Vi dién tich bé mat da 16n cua vat lieu MF/AC
(3:7), nén sé& ting cuong kha ning xuc tic, hap
phu nhiing phan tir nhé cling nhu nhitng phan tu
¢6 céu tric cong kénh nhu phdm nhudém hoic
ngay ca kim loai néng [25].
3.5. Khi ning hdp phu MB trén vit ligu
MF/AC (3:7)
3.5.1. M6 hinh dang nhiét Langmuir

Mo hinh duong dang nhiét Langmuir duoc
ding dé danh gi4 kha niang hap phu tdi da trén
bé mat don 16p cua vat liu MF/AC (3:7), theo
phuong trinh [26]: C__1 JFL,Ce (2).

Qe Omex-NL Orex
Trong d6, qe (mg/g) 1 luong chit tan bi hap phu
tai thoi diém can bang ctia mdi thi nghiém, gmax
(mg/g) 1a lwong chit tan bj hap phu cuc dai ing
v6i truong hop tat ca cac tAm trén bé mat chit
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hap phu da bi chiém, K_ 1a hang s6 hap phu
Langmuir (L/mg), Ce 12 ndng d6 chat bi hap phu
trong pha 16ng tai thoi diém can bang (mg/L).
Su tuong thich cia mé hinh Langmuir thuong
dugc danh gia thong qua hing sb phan tach
khong thtr nguyén Rp [27] nhu phuong trinh:

1
R =—— (3).
b1+ C K, )

0.254

R?=0,996

o o

i )

a1 o
1 N

Celge (mg/g)
o
5

0.051

0.00

Néu: Ri < 1 thi mé hinh tuong thich; R = 0
thi m6 hinh tuyén tinh; R_ > 1 thi khéng tuong
thich. Va dya vao mo hinh déng nhiét Langmuir
6 thé xac dinh duge dung luong hép phu cuc
dai (qmax) trén bé mat don 16p cua vat liéu, ma
tai d6 b& mat chat hap phu s& dat dén diém bao
hoa. Khi ap dung phuong trinh tuyén tinh cia mo
hinh déng nhiét Langmuir dugc dua ra boi cong
thirc (2) thi d thi tuyén tinh da thu duoc thé hién
0 Hinh 5.

y = (0,013 + 0,001).x + (0,007 + 0,001)

0o 2 4

8 10 12 14 16

Hinh 5. D6 thi dudng dang nhiét Langmuir

Hinh 5 cho thay, mé hinh hip phu ding nhiét
Langmuir mo ta twong d6i chinh xéac sy hap phu
xanh methylene (MB) trén vat li¢u MF/AC (3:7)
thong qua hé s xac dinh ciia qué trinh héi quy
R2 = 0,992. Tir phan tich hdi quy trén ta tinh
dugc dung lugng hép phu cuc dai va héng ) hép
phu Ki cia MF/AC (3:7). Sau khi xac dinh dugc

hang s6 hap phu K, dé xac dinh qué trinh hép
phu ion kim loai trén vat liéu MF/AC (3:7) c6
phu hop vé6i dang hap phu don 16p theo mé ta
ctia mo hinh Langmuir hay khong, tham s can
bang Ri dugc tinh toan va phan tich dwa vao
cong thuc (4), két qua duoc thé hién nhu trong
Béang 1.

Béng 1. Cac thong s6 mo hinh Langmuir d6i v6i qua trinh hap phu MB trén MF/AC (3:7)

M6 hinh Thong s6 Pon vi Gia tri
Qmax mg/g 76,923
Langmuir KL L/mg 0,1857
R? - 0,996

R - 0,011+ 0,035

Két qua & Bang 1 cho thiy, dit liéu hip phu
phu hop véi md hinh Langmuir, dung lwong hip
phu cuc dai tinh theo m6 hinh nay la 76,923
mg/g va gia tri RL ndm trong khoang 0 < R_< 1
nén qua trinh hap phuy 1a thuéan loi [15].

3.5.2. M6 hinh dang nhiét Freundlich

M6 hinh dang nhiét Freundlich 1a mot
phuong trinh thuc nghiém dya trén quan hé gitra
dung luong hip phu cin bang va ndng do can
bang cia chit bi hap phu. Phwong trinh
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Freundlich dang tuyén tinh dli(_)’C dién ta qua
phuong trinh 4 [28]: Ing, =—.InC, +In K_
(4). Trong do, Ce (mg/L) 12 ndng do tai thoi diém
cin bang va ge (mg/g) 1a lugng ion kim loai bi
hép phu trén mot don vi khdi lugng vat liéu hip
phu. Hang sd n 13 s6 mil trong phuong trinh
Freundlich, ddc trung cho tinh khong dong nhat
vé ning luong ctia bé mat hip phu. Hé s6 1/n 1a
hé s khong déng nhét va n 13 s§ do d6 1éch so
v6i tuyén tinh cta su hap phu, gia tri ciia n6 cho
4.4-

431 R2=0,874

4.2-

4.1-

2 4.0;

5 391

3.8-

3.7-

361 .

35

y = (0,19 + 0,05).x + (3,88 + 0,08)

biét mirc d6 khong tuyén tinh gitta ndng d6 dung
dich va chit hap phu nhu sau: néu gia tri cta
n = 1 thi sy hap phu 1a tuyén tinh; néu n < 1 thi
qué trinh hap phu 14 hoa hoc; con néu n > 1 thi
qua trinh hap phu 13 qua trinh vat Iy va thuan loi
[29]. K 14 hing s Freundlich dé chi kha ning
hip phu tuong dbi cua cac vat liéu hip phu. Do
thi ctia phuong trinh ding nhiét Freundlich duoc
biéu thi trén Hinh 6 va cac thong sb cia dudng
dang nhiét duoc dua ra trong Bang 2.

.05 00 05

10 15 20 25 30
LnCe

Hinh 6. B4 thi duong déng nhiét Freundlich

Bang 2. Cac thong s mo hinh Freundlich d6i véi qua trinh hip phu MB trén MF/AC (3:7)

M® hinh Thong sd Pon vi Gia tri
n 5,263
Freundlich Ke Lg 53,205
R? - 0,874
Két qua & Bang 2 cho thy, gia tri thu dugc 4. Két lu4n

v6in > 1 (1/n = 0,19) nén md hinh dang nhiét
Freundlich 1 pht hop véi qua trinh hip phu cta
MB trén vat liéu nano MF/AC (3:7) va hép phu
trong diéu kién bé mat hat khong déng nhat. Bén
canh d6, no ciing chi ra rang lién két giita MB
v6i bé mat vat lieu hép phu thudc loai lién két
yéu. Mit khac, hé sd tuong quan dat dugc tr md
hinh Freundlich 1a R? = 0,874, nho hon h¢ s6
twong quan tir mo hinh Langmuir (R? = 0,996).
Diéu nay cho thiy ring mé hinh Langmuir phu
hop hon véi dir liéu hdp phu MB trén vat liéu
MF/AC (3:7).

Vit liéu MnFe204 trén nén than hoat tinh tir
tro trau (MF/AC (3:7)) tinh da duoc tong hop
bang phuong phap thity nhiét. Cau triac hoa hoc
va hinh théi cta vat li¢u da dugc xac nhan thong
qua phan tan ning luong bang quét kinh hién vi
dién tir (SEM) va dic tinh nhiéu xa tia X (XRD)
va Ramam. Két qua BET cho thay vét ¢ cau tric
da mao quan, phan bd rong voi dién tich bé mit
Sger = 33,25 m?/g va thé tich 16 rdng 1a 0,046
cm?/g. Vatliéu MF/AC (3:7) nay da dugc nghién
ctru dé hip phu xanh methylene (MB) trong
dung dich nudc. Két qua cho thay, qua trinh héap
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phu cia MB trén vat liéu MF/AC (3:7) tong hop
duoc tuan theo ca hai mé hinh hip phu déng
nhi¢t Langmuir va Freundlich, tuy nhién mo
hinh Langmuir 1a phtt hgp hon. MB hép phu don
16p trén vat liéu voi bé mat hat khong dong nhit
va qua trinh hap phu 13 hap phuy vat 1y.
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