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Abstract: In this study, magnetic carboxylate-rich carbon material (Fes0s@CRC) was synthesized
via a low-temperature carbonization method and applied as an adsorbent for adsorption of Ni(ll)
ions and methylene blue (MB) in agueous solution. The synthesized Fes0.@CRC was characterized
by various techniques (XRD, FTIR, FE-SEM, TEM, EDX, VSM, and BET). The adsorption kinetics,
isotherms, thermodynamics, and the effects of key adsorption factors, including the pH value, initial
adsorbate concentration, contact time, adsorbent dose and temperature were investigated in detail.
The results showed that Fes0.@CRC exhibited a high adsorption capacity for MB and Ni(ll) with
the maximum adsorption capacity of 187.26 mg/g and 106.75 mg/g, respectively. The adsorption of
MB and Ni(ll) on Fe;0,@CRC was a spontaneous and endothermic process, and was best described
with the first-order kinetic model, Freundlich (for MB) and Langmuir (for Ni(l1)) isotherm models.
In addition, FesO4s@CRC could maintain a high adsorption capacity after many consecutive cycles.
Therefore, the Fes0,@CRC material can be used as a highly efficient adsorbent for the removal of
heavy metals and dyes from wastewater due to the advantages of high adsorption performance, easy
separation, and good reusability.
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Nghién ctru kha ning hap phu niken va xanh methylen trong
dung dich nudc cua vat liéu cacbon tu tinh giau cacboxylat
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Tém tit: Bai bao trinh bay két qua tong hop vat liéu cacbon tir tinh giau cacboxylat (Fes04@CRC)
va su dung vt li¢u nay dé hap phu ion niken (Ni(II)) va xanh methylen (MB) trong dung dich nuéc.
Fes04@CRC dugc tong hop bang phuong phap cacbon héa & nhiét d thap hon hop gom sat (IIT)
clorua va natri gluconat. Cac dic trung cta vat liéu Fes04@CRC dugc xac dinh bang nhiéu phuong
phép khac nhau (XRD, FTIR, FE-SEM, TEM, EDX, VSM, BET) tru6c khi khao sat kha ning hap
phu. Anh huong cuia cac yéu t6 hap phu nhu pH, ndng do ban dau, thoi gian tiép xuc, lidu lugng chat
hap phu va nhiét 46 da dwoc nghién ctru chi tiét. Két qua cho thiy Fes04@CRC c6 kha ning hap
phu cao ddi véi MB va Ni(II) véi dung lwong hap phu cuc dai lan luot 1a 187.26 mg/g va 106.75
mg/g. Sy hap phu cia MB va Ni(II) trén Fe304@CRC la qua trinh ty phat, thu nhiét va duge mo ta
t6t nhat vi mo hinh dong hoc bac mot, mod hinh dang nhiét Freundlich (ddi voi ‘MB) va Langmuir
(d6i voi Ni(II)). Ngoai ra, Fe30s@CRC duy tri t6t kha nang hép phu qua nhiéu 1an tai st dung. Vi
kha nang hap phu cao, tong hop dé dang cung voi kha nang thu hoi va tai sir dung cao, Fes0,@CRC
c6 thé tro thanh chat hap thy tiém ning dé xu 1y cac ion kim loai ndng va phdm mau nhudém trong
nudc thai.

Tir khéa: Cacbon giau cacboxylat, hip phu, niken, xanh methylen, tir tinh.

1. Mé dau

Su phét trién nhanh chéng cua cic nganh
cong nghiép nhu luyén kim, xi ma, dét may, in
an, v.v., da va dang lam gia tang luong kim loai
nang va chat nhuém hiru co thai ra moi truong.
Hau hét cac chét 6 nhiém nay c6 doc tinh cao,
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kho phéan huay sinh hoc, c6 xu hudng tich tu lau
dai trong cac co thé sdng, gay ra cac tac dong tiéu
cuc cho hé sinh thai va stcc khoe con nguoi du &
ham lwong nho [1]. Ching han nhu, sy ton tai cia
niken (Ni) - mdt kim loai nang dugc st dung
rong rai trong san xuét dién cuc, pin dién, luyén
kim, xi ma va trong céng nghiép hop kim - c6 thé
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gdy ung thu phoi, thoai hoa xuong va giy dot
bién gen [2]. M6t trong nhitng pham mau nhuém
hitu co duoc sir dung pho bién nhat trong cong
nghiép dét nhudm, thudc da va ché bién thyc
pham 1a xanh methylen (methylene blue, MB).
Vé doc tinh, MB c6 thé gy ra cac bénh vé mat,
da, duong ho hép, tiéu hoa va tham chi gay ung
thu. Nong d6 cia MB trong nudc qué cao s& can
tr& hap phu oxy vao trong nudc, do d6 lam anh
hudng dén sy sinh trudng cua cic dong thuc vat
thuy sinh [3]. Bén canh d6, nudc thai tir cac khu
cong nghiép c6 thanh phan phuec tap thuong chira
d6ng thoi cac hop chét hitu co va vo co. Dic biét,
trong nudc thai tir cac nha may dét nhudm va
thudc da ngoai cac chét hiru co tao mau con cd
thé tim thiy mot luong 16n cac ion kim loai ning
nhu Cd(II), Cu(Il), Co(II) va Ni(Il) [4]. Vi vay,
nghién ciru tach cac ion kim loai ning va pham
mau nhudm ddc hai tir cac nguén nudc bi 0
nhidm dé bao vé stc khoe cong dong 1a van dé
quan trong va dang dugc nhiéu nha khoa hoc
guan tam.

Hap phu la mét trong nhimg phuong phap
hoa 1y phé bién dé xur 1y kim loai ning va phim
mau nhudm trong nudce thai do sy don gian trong
thiét k& van hanh, chi phi thap, hiéu qua cao,
ngudn vat ligu hap phu ddi dao va da dang [5].
Hiéu suat xu 1y cia phuong phap nay phan 16n
phu thudc vao ban chit cia vat lidu hap phu dugce
st dung. Hién nay, da co nhiéu loai chét hap phu
khéc nhau dugc phat trién dé xir Iy kim loai ning
va phém mau nhudm nhu zeolite, silica, chitin,
chitosan, hydroxyapatit, bentonit va vat liéu
cacbon [6-13]. Trong sb d6, vét liéu cacbon bao
gém than hoat tinh, than sinh hoc, 6ng nano
cacbon, graphen dugc dung nhiéu nhét trong xir
Iy nuéc thai do s hitu nhitng tinh chat dic biét
nhu c6 d6 x6p va dién tich bé mit 16n, khéi luong
nhe, bén trong cac moi truong khac nhau, co
dung luong hap phu cao dbi voi ca kim loai va
cac chét hitu co [14].

Gan day, mot vat liéu cacbon khéc ciing dugc
sir dung kha phé bién trong xir Iy nudc thai d6 1a
cacbon giau nhoém  chic  cacboxylat
(carboxylate-rich carbon, CRC). Khac véi vat
lidu cacbon thong thuong, CRC c¢6 nhiéu nhom
chire cacboxylat (COO-) nén c6 thé phan tan tot

trong moi trudng nude nhod hinh thanh lién két
hydro véi phan tir nude [15]. Bén canh do, cac
nhom chirc cacboxylat va hydroxyl (-OH) ton tai
trén bé mit CRC c6 kha ning tao lién két manh
mé véi cac cation kim loai va cac hop chit hiru
co khac, tir d6 1am ting kha ning hap phu cua
CRC. Hon nita, ciu tric x6p, dién tich bé mit 16n
ctia CRC ciing 14 uu diém ndi bat cho tng dung
hép phu [16].

Thong thuong d6i véi vat lidu hap phy, dién
tich bé mit cang cao kha ning hép phu cang 16n.
Mot trong nhimg phuong phap de tang dién tich
bé mit vat liéu hp phu la ting d6 x6p va giam
kich thudc hat. Chinh vi vay vt liéu ¢ dang bot
thuong ¢6 dung luong hap phu cao hon so véi
dang vién va dang manh. Tuy nhién, mot thach
thirc 16n cua viéc st dung vat li¢u hép phu dang
bot 1a kho thu hdi sau khi sir dung, khi d6 vat liéu
héap phu c6 thé tro thanh chat 6 nhiém thir cap
[17]. Trong khi d6 cac phuong phap truyén thong
dung dé tach vat liéu hap phu sau khi sir dung
nhu ly tdm, sa ldng hodc loc ton nhiéu thoi gian
va chi phi cao. Mot trong nhing phuong phap
trién vong dé giai quyét van dé nay 1a ap dung k§
thuat tach bang tir tinh. Tirc 1a tich hop vao vét
liéu hap phy mot lwong chit co kha ning phan
ung vol tur truong nhu FesOs, Fe 03, NiFe;0q,
CoFe;04, CuFe;04, ZnFe;04, sau khi hap phu vat
liéu chtra tir tinh s& d& dang thu hoi bang tir
truong va sau d6 c6 thé tai sit dung nhiéu lan.
Nhu vay c6 thé giup giam dang ké chi phi xir 1.
Trong sb vat liéu co tir tinh néu trén, oxit sat tir
FesOs dugc st dung rong rai nhét do co tinh
tuong thich sinh hoc cao, doc tinh thip, tir tinh
manh va d& tong hop [18]. Bén canh d6, ban than
Fes04 ciing c¢6 kha nang hap phu ddi véi kim loai
nang va phém mau nhudm, dac biét & kich thudc
nano [19, 20]. Do d6, sir dung nano sit tir FesO4
dé két hop vai vat liéu hap phuy tir tinh s& mang
lai hiéu qua kép 1a vira ting kha niang hip phu va
gitp cho viéc thu hoi tai sir dung nhanh chong va
dé dang hon.

Trong nghién ciru nay, ching t6i tong hop
vat liéu cacbon tir tinh giau cacboxylat
(FesO4@CRC) g dung dé hap phu kim loai
ning va pham mau nhudm trong dung dich nudc.
Vit liéu Fes04@CRC dugc tong hop bang
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phuong phép cacbon héa hdn hop gom sat (I1I)
clorua va natri gluconat & nhiét d¢ thap. Trong
d6, natri gluconat déng vai tro 1a ngudn cacbon
dé tao CRC, va nano FesO4 dugc hinh thanh déng
thoi voi CRC thong qua qua trinh nhiét phan
phirc sét (III) carboxylat. Nho qua trinh cacbon
hoéa duge thye hién ¢ nhiét d6 thap (300 °C), mot
lugng 16n nhom hydroxyl va carboxylat cua natri
gluconat ¢o thé duoc giir lai trong CRC. Céc
nhém chtrc nay, nhu da dé cap ¢ trén, dong mot
vai tro quan trong trong viéc c6 dinh va phéan b
d6ng nhét ciia cac hat nano FesO, ciing nhur ting
cuong kha ning hip phu cia vat lidu. Cac dic
trung cua FesO4@CRC dugce xac dinh béng cac
phuong phap hoa-ly hién dai va kha nang hap
phu ctia vat liéu ddi v6i kim loai ning va pham
mau nhuém duoc khao sat. Trong nghién ciru nay,
chiing t6i chon Ni(Il) va MB nhu kim loai ndng va
phadm méau nhudm dién hinh thuong tim thiy nhiéu
trong nude thai cong nghiép 1am dbi twong dé khao
sat kha nang hap phu ctia vat liéu.

2. Vit liéu va phuong phap
2.1. Héa chat

Tat ca cac hoa chét chinh dwoc st dung trong
nghién ciu ndy bao gOom natri gluconat
(CsH1:NaO7, 98%), sit (III) clorua khan (FeCls,
> 99,99%), niken (II) sunfat hexahydrat
(NiSO4.6H20), natri hydroxit (NaOH, > 98,5%),
axit hydrochloric (HCI, 37%), xanh methylen
(C16H13C|Ngs, 295%), ethanol (CszOH,
> 99,8%) dugc mua tir hing Sigma-Aldrich
(Singapore).

2.2. Téng hop Fes0s@CRC

Quy trinh tong hop Fes04@CRC duge md ta
& Hinh 1. Cu thé, hoa tan 3g NaCesH110- trong
20 mL nuéc cit, sau d6 thém 1g FeCls va khudy
déu trong 30 phut ¢ nhiét d6 phong. Chuyén hdn
hop thu dugc vao dia petri va cho bay hoi ¢
80 °C cho den khi tao thanh dang gel. Tiép theo,
cho gel vao cdc nung déy kin nap va nung ¢ nhiét
d6 300 °C trong 2 gid. San pham sau khi nung
duoc rira sach nhiéu 1an béng nudc cit, sau doé

bing C2HsOH va sy kho & nhiét do 105 °C trong 6
gio. Sén pham thu dugc c6 dang hinh khoi xop dugc
nghién nho va sang qua ray kich thudc 145 pm.

Iy
— VN

Bay hoi, 80°C Nung 300°C, 1 Fe,0,aCRC

Hinh 1. Hinh minh hoa qué trinh tong hop
Fes04@CRC.

2.3. Khdo sat kha nang hap phu cia vt lidu

Kha ning hip phu Ni(I) va MB cuia vat liéu
Fes04@CRC duoc khao sat ¢ nhitng thong sb
hap phu nhu nhiét d6, pH, liéu luong chit hap
phu, ndng d6 chat bi hip phu va thoi gian khac
nhau. Dung dich chuan cua Ni(Il) va MB ¢6
ndng do 1000 mg/L dugc chudn bi tir cac hoa
chat tinh khiét dung cho phan tich. Cac dung dich
¢6 nong d6 khac nhau dung dé nghién ciru hap
phu dugc pha tir dung dich chuén trén. Déi véi
mdi thi nghiém, mot luong xac dinh vat liéu hap
phu (0,05 g) dugc cho vao cde binh nén 150 mL
c6 chira 50 mL dung dich Ni(II) hoac MB co6
nong do, pH, nhiét do xac dinh va duoc khudy
déu trén may rung lic. Sau khi hap phy, vat liéu
hap phu dugc thu hoi bing nam cham vinh ciru.
Ham luong chat bi hip phu con lai sau khi hap
phu duoc x4c dinh bang phuong phap phd hép
phu nguyén tir AAS (d6i voi Ni(Il)) trén may
quang phé iCE 3500 (Thermo Scientific, Pirc)
va phuong phap quang tric dbi v6i MB trén may
UV - VIS Cary 60 (MY) tai budc song 665 nm.
Céc gia tri pH khac nhau cua dung dich duoc



D.V. Dat et al. / VNU Journal of Science: Earth and Environmental Sciences, Vol. 37, No. 2 (2021) 55-68

diéu chinh bang cach thém tir tir dung dich HCI
0., M hodc NaOH 0,1 M véi su trg gitip cua may
do pH InoLab Multi 9310 IDS (btc). Su anh
huong cua cac thong s hip phu dén hiéu suét
hap phu duoc nghién ciru bang cach thay d6i mot
thong sb can khao sat va giir ¢b dinh cac thong
s6 con lai & diéu kién ti wu (thong tin chi tiét vé
diéu kién tién hanh thi nghiém dugc thé hién &
ting hinh twong mg trong phan két qua va thao
luan). Tt ca cac thi nghiém duogc thuc hién it
nhat ba lan va lay két qua trung binh.

Hiéu suat hap phu (R, %), dung luong hap
phu tai thoi diém t (qr, mg/g) va tai thoi diém can
bang (qe, mg/g) dugc tinh theo cac cdng thirc sau:
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_ ®3)
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Trong do, Co, Ci, va Ce (Mg/L) lan luot la
nong d6 Ni(Il) hoic MB ban dau tai thoi diém t
va tai can bang; V (L) 1 thé tich dung dich chat
bi hap phu; m (g) la khéi lwong chat hap phuy.

2.4. Khao sat kha nang tai sw dung cia vat liéu

Pé danh gia kha ning tai st dung cia vat
liéu, sau khi hép phu véi dung dich ion Ni(Il)
hodc MB & diéu kién ti uu, vat ligu duge thu hdi
bang nam cham dugc ngdm trong 50 mL dung
dich HC1 0,1M. Sau d6, vat lidu duoc thu hdi, sdy
kho va tién hanh hap phu & cac vong tiép theo.
Qué trinh hap phuy-giai hap phu dwoc lap lai 5 lan.
Bén canh d6, kha nang thu hoi cling dugc danh
gia qua viéc so sanh khdi lugng cta vat li¢u ban
dau va sau khi sir dung.
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Hinh 2. Phé XRD (a), phd FITR (b), dudng ding nhiét hip phu - khir hip phu N (c)
va duong cong tir hda cua mau FesO.@CRC.
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3. Két qua va thao ludn
3.1. Cac dac trung cua vat liéu

Ciu tric va thanh phan tinh thé cua
Fe;04@CRC duoc khao sit bang phd XRD. Tur
Hinh 2a cho thiy trong gian d6 XRD cua vat liéu
Fes0:@CRC xuét hién cac dinh nhiéu xa tai goc
20=18,46°, 30,09°, 35,49°, 43,27°, 53,60°
57,07°, 62,69° va 74,16° dic trung cho tinh thé
1ap phuong cta FesO4 (JCPDS N° 01-088-0315).
Khoéng phat hién cac dinh dac trung cho hematit,
sét hydroxit, va cac tap chat khac, cho théiy Fe304
dugce tong hop trong vat liéu Fes04@CRC c6 do
tinh khiét cao. Ngoai ra, trong phd XRD cua
Fe;04@CRC ciing khong quan sat thiy dinh
nhiéu xa rd rang dic trung cho cacbon, chimng to

CRC 1a cacbon vo dinh hinh [21]. Ph hong
ngoai FITR (Hinh 2b) dugc st dung dé xac dinh
cac nhom chirc bé mit cta vat liéu Fes04@CRC.
Trong phd FTIR c6 thé d& dang phat hién dai hap
thu dac trung cho lién két Fe-O cta hat nano
Fes04 ¢ bude song 562 em™ [5]. Cac dinh hip
thu déc trung cho cac dao dong kéo dai cua H-C-
H dugc quan sat & cac budce song 2924 cm™ va
2863 cm. Sy xuat hién cua céc dai ¢ 1052 cm™®
va 1568 cm twong tng véi dao dong cua lién
két C-Ova C-C-C trong vong thom. Su hién dién
clia cac nhom hydroxyl (O-H) trong vat lidu tong
hop Fes04@CRC duogc chimg minh bang hai dai
nam ¢ 3742 cm™ va 3384 cm [22]. Cac dinh hép
thu & 1685 cm™ va 1269 cm™ dic trung cho dao
dong kéo dai ctia C=0 trong nhom cacboxylat
cua CRC.

(c)

Fe304_CRC [ TEM ]
0 10( / S50k 100

JEM-14D

(d) Element Weight% Atomic%
C C 53.41 67.37
o] 28.68 27.16
Fe 16.97 4.85
Na 0.94 0.62
Fe Fe
e mﬁ—ﬂﬁ—v—
» | L ] ' 1 b 1

Hinh 3. Anh FE-SEM (a, b), anh TEM (c) va phé EDX (d) cia mau Fe30,@CRC.
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Hinh 2c thé hién duong dang nhiét hap phu -
khir hap phu N3 trén Fes04@CRC. Puong dang
nhiét c6 dang hon hop cua dang I va dang IV theo
phan loai cia IUPAC, diéu nay chimg to sy ton
tai ddng thoi cac cau trac x6p vi 16 (micropore)
va 1 trung binh (mesopore). Dién tich bé mat
riéng va thé tich 16 trong ciia Fe30s@CRC dugc
tinh theo phuong BET c6 gia tri tuong ung la
308,7 m¥g va 0,398 cm®/g. Cung vdi tinh chat
két cau bé mat, do tir hoa 1a mot dai luong rat
quan trong di voi vat liéu hap phy tir tinh bai n6
anh huong dén kha nang thu hoi vat liéu sau khi
hap phu bang tir trudng. Tinh chit tir va tir hoa
bao hoa cua vat liéu c6 thé dugc xac dinh thong
qua dudng cong tir héa. Puong cong tir hda cla
Fes0.@CRC & 300 K duoc thé hién trong
Hinh 2d. Tt Hinh 2d c6 thé thiy dudng cong tir
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hoa cua vat liéu FesOs@CRC c6 dang chit “S”
dac trung cho vat li€u c6 tinh chét siéu thuén tir.
Gia tri tir hoa bao hoa ctia FesOs@CRC dugc xac
dinh c6 gia tri 1a 30,02 emu/g. Mac du gia tri tu
hoa bao hoa cua FesO,@CRC khong qua cao so
v6i Fes0s (~ 60 emu/g), nhung chiing van s¢ hiru
kha niang phan hoi tot voi tir truong. Nhu cé thé
thdy trong hinh dugc chén trong Hinh 2d, khdi
Fes04@CRC c6 thé duoc giit chit vao thanh nam
cham va cac hat Fes04@CRC nhanh chong duoc
kéo sat vao thanh lg khi dugc 4p tir truong cta
thanh nam cham. Diéu nay ching to
Fes0s@CRC c6 thé dugc thu hdi hidu qua bang
cong nghé tach tir tinh. Hinh thai va thanh phan
hoa hoc bé mit cia Fes04@CRC duoc khao sat
bang phuong phap FE-SEM, TEM va EDX. Két
qua khao sat dugc trinh bay ¢ Hinh 3.
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Hinh 4. Piém dang dién cua FesO4@CRC (a), anh huong cua pH (b), thoi gian (¢),
nhiét d6 (d), lugng chap hap phu (e) va nong d6 ban dau (f) dén kha ning hap phu MB
va Ni(I) cia FesO4s@CRC.
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3.2. Cdc yéu t6 anh hieong dén kha nang hap phu
cua Fe30,@CRC

Dién tich bé mat 1a mot thong s quan trong
anh hudng dén kha nang hép phu cua vat liéu
thong qua lyc hut tinh dién. Thong s nay phu
thudc vao ban chit cia ting vat liéu va gia tri pH
ctia dung dich chat bi hap phu. Kha ning tuong
tac tinh dién cua vat liéu d6i voi chat bi hap phu
dugc danh gia thong qua diém dang dién pHps
(1a gia tri pH cua dung dich ma tai d6 bé mit vat
lidu trung hoa vé dién tich). Khi pH cia dung
dich nhé hon pHpzc thi bé mit vat liéu tich dién
duong, thuan lgi cho hép phu céc anion; ngugc
lai pH dung dich 16n hon pHpc bé mit sé& tich
dién 4m va thudn loi cho hap phu déi véi cac
cation. Két qua cua diém ding dién duoc thé hién
¢ Hinh 4a.

Ttr Hinh 4a cho thay pHpzc ctia Fe30,@CRC
1a 4,2, tirc 12 FesOs@CRC sé tich dién duong
hodc 4am khi pH cta dung dich chat hip phu
twong ung nhé hon hoac 16n hon 4,2. Nhu vay,
néu pH cua dung dich 16n hon 4,2 s& thuan loi
cho hap phu ion kim loai ning va phiam mau
nhudm cation nhu MB. That vay, nhu dugc trinh
bay ¢ Hinh 4b, ¢ pH < 4,2 dung luong hap phu
ctia Fes04@CRC dbi voi Ni(II) va MB déu thip,
va gia ting dang ké khi pH > 4,2. Mot nguyén
nhan khéac c6 thé giai thich cho sy hip phu kém
cta vat lidu & pH thap d6 1a nong d6 H* cao
(6 pH thap) s& canh tranh cac tim hip phu cua
Fes04@CRC voi cac ion Ni(I) va MB dan dén
dung luong hip phu giam, & pH cao hon su canh
tranh nay s€ giam dan tao diéu kién thuén lgi cho
hap phu. Dung lugng hip phu MB & pH 8 va 9
khong ting nhiéu so voi & pH 7, do d6 chung toi
chon pH 7 cho céc thi nghiém hép phu MB tiép
theo. Pbi v6i Ni(Il), 6 pH>7 da bat dau quan sat
thiy hién tugng két ctia ctia ion Ni(II) dudi dang
hydroxyt. Do do, trong nghién ctru nay chiing t6i
chon pH 6 cho cac nghién ciru tiép theo dé loai
b6 su anh hudng cta qué trinh két tua ion Ni(II).

Su anh huéng cua thoi gian tiép xac dén kha
nang hap phu MB va Ni(Il) cua FesO.@CRC
dugc thé hién ¢ Hinh 4c. C6 thé thay rang dung
luong hap phu ciia Fes04@CRC ting nhanh
trong 20 phut dau, ting cham trong 10 phut tiép
theo va hau nhu khong thay ddi sau 40 phut, khi

ma quéa trinh hdp phu dat can bang. i véi
Ni(Il), qua trinh hap phu dat can bang khoang
20-30 phut tiép xuc, som hon so véi MB (dat can
bang sau 40 phut). Didu nay c6 thé 1a do cac ion
Ni(II) co kich thuéc nho hon MB nén dé dang
tiép can tam hap phu hon. Téc do hap phu tang
nhanh & nhitng phit dau tién va chdm dan khi
tang thoi gian tiép xuc 1a do s lwong tdm hap
phu tu do trén bé mat Fe304@CRC giam dan
theo thoi gian hap phu boi sy chiém cac tim hép
phu boi cac ion Ni(II) hoac MB. Hién tugng nay
cling duoc quan sat & nhiéu nghién ctru hap phu
[23, 24]. Thoi gian tiép xtic t6i uu ddi voi MB va
Ni(II) dugc chon tuong ing ¢ 40 phut va 30 phut.
Anh huodng cia nhiét d6 dén kha ning hip
phu cua Fes04@CRC dugc nghién ciu trong
khoang 25-55 °C. Két qua ¢ Hinh 4d chung t6
dung luong hap phu phy thudc vao nhiét do rat
ro rét. Khi tang nhiét d6 tur 25 °C dén55°C, dung
lwong hap phu cua vat liéu tang tir 145,09 mg/g
dén 172,51 mg/g d6i MB va tang tir 81,94 mg/g
dén 92,09 mg/g d6i voi Ni(Il). Nhu vay, qua
trinh hap phu dién ra thuan lgi ¢ nhiét d6 cao.
Diéu nay cd thé 1a do & nhiét do cao, cac phan tu
MB va Ni(ll) tré nén linh dong hon va khi d6 gia
tang x4c suat va cham vai tm hap phu lam gia
tang kha nang hap phu [25]. Su gia ting kha ning
hip phu khi ting nhiét d6 c6 thé ching to riang
hap phu hoa hoc chiém wu thé trong qué trinh hap
phu cua Ni(ll) va MB trén FesO,@CRC [26].
Xéc dinh liéu lwong chat hip phu tdi vu 1a
can thiét cho bat ky qué trinh hap phu d ting
hiéu qua loai bo chét 6 nhidm véi mot lugng chét
hép phu vira du, tir d6 giam chi phi xr 1y. Anh
huéng cua liéu lwong hap phu duge khao sat véi
luong chit hip phu Fes04@CRC thay dbi trong
khoang 0,2-2 g/L va két qua dugc trinh bay &
Hinh 4e. Nhu dé thiy trong Hinh 4e, khi ting
ndng do chat hap phu, dung lugng hép phu cua
vat liéu doi voi ca Ni(ll) va MB deu giam, trong
khi hiéu suét loai bo tang véi toc do cao ¢ giai
doan dau (0,2-1 g/L) va sau d6 ting véi toc do
nho hon khi tang lugng chét hap phu tir 1 g/L dén
2 g/L. Xu hudng giam dung luwong hap phu cua
Fes04@CRC c6 thé 1a do khi tang luong chat hap
phu ma gilt nguyén nong do cua cac ion Ni(ll)
hoic MB, mét s6 tim hap phu tré nén du thira,
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bi két tu hodc bi che chén boi c4c hat vét lidu du
thtra trong dung dich, khi d6 su hép phu dién ra
khong hiéu qua [27]. Can ct vao sy phu thudc
ctia higu suat hip phu va dung lugng hap phu
vao liéu lwong chat hép phu, chung t6i chon
lidu lwong chat hap phy 1 g/L 1a liéu lugng hap
hi¢u qua.

Su anh hudng cua néng do ban dau duoc
khao sat trong khoang ndng do tir 50 mg/L dén
500 mg/L dbi voi MB va tir 50 mg/L dén 300
mg/L ddi véi Ni(II), cac thong s6 con lai duge
giit & didu kién t6i uu. Két qua ¢ Hinh 4f cho thay
khi ting nong d¢ ion Ni(II) ban dau tir 50 dén
150 mg/L, dung lwong hip phu ting dan va dat
gi tri bio hoa 1a 105,06 mg/g. Khi tiép tuc ting
nong do Ni(Il) dung lugng hip phu hiu nhu
khong ting nita do tim hip phu da bio hoa. Ddi
v6i MB, dung lugng hip phu ciing ting nhanh &
khoang ndng do tir 50 mg/L dén 150 mg/L do do
linh dong cua cac phan tir Ni(ll) va MB cao, va
tam hap phu ctia Fes04@CRC con du thira nhiéu
[28]. Khi tiép tuc ting ndng d6 ban dau ciia MB
dén 500 mg/L dung luong hip phu cua vt liéu
tang dan, diéu nay c6 thé lién quan dén sy hép
phu da 16p cua MB trén Fe;04@CRC. Hiéu suat
hap phu MB va Ni(II) cua vat liéu giam dan khi
tang ndng do ban dau.

3.3. M6 hinh ddang nhiét va dong hoc hap phu

Viéc tim ra mo6 hinh mé ta qué trinh hip phu
ctia mot vat liéu rat quan trong dé c6 thé thiét ké
cac diéu kién phu hop khi p dung vat lidu trong
thyc té. Trong nghién ciru ndy, cic mé hinh dong
hoc bac mot (4), bac hai (5), mo hinh déng nhiét

Langmuir (6) va Freundlich (7) dugc sir dung dé
khao sat dir liéu hap phu cua MB va Ni(Il) trén
FesO4@CRC. Cac mo hinh dugc mo ta boi cac
phuong trinh toan hoc dudi day [29]:

G =09, (1_ eiklt) (4)
_ kgt (5)
Y 1+k,qt
Qm KLce
=M L "¢ 6
% 1+K,C, ©)
qe = KFC;/n (7)

Trong d6: g (Mg/g) Va ge(mg/g) lan luot 14
luong Ni(Il) hogc MB hap phu trén vat liu tai
thoi diém t (phat) va thoi diém can bang, k1
(1/phat) va kz (g/mg/phut) twong ung la hang sO
tbc do bac mot va hai; K. (L/mg) va Ke
[(mg/g).(L/mg)“"] 1an lugt 13 hing sb Langmuir
va Freundlich; gm (Mg/g) dung luong hap phu
cuc dai; 1/n 1a hang s6 di thé chi ra cuong d6 hap
phu cua vét ligu.

Su phu hop cia cac mé hinh véi cac diém
thuc nghiém va cac thong sé hip phu duoc tinh
toan st dung chtrc nang Fitting ctiia chuong trinh
Origin 8,5. Két qua khao sat dugc trinh bay &
Béang 1 va Hinh 5.

Phén tich két qua thu duoc & Hinh 5 va so
sanh hé s6 twong quan cua cac md hinh (Bang 1)
cho thay qua trinh hip phu MB dugc mé ta tdt
hon véi md hinh dong hoc biéu kién bac mot va
mo hinh déng nhiét Freundlich, trong khi do sy
hap phu Ni(Il) pht hop véi mé hinh dong hoc
biéu kién bac mot va mo hinh Langmuir.

Bang 1. Cac thong s6 dong hoc va déng nhiét hip phu cta Fes0,@CRC d6i vi MB va Ni(II)

M0 hinh dong hoc MB Ni(Il) M5 hinh ding nhiét MB Ni(ll)
Bic 1 Langmuir

Je.n (MY/g) 145,09 81,94 m (Mg/g) 187,26 106,75
Get (Mg/g) 147,38 85,29 K. (L/mg) 0,124 0,354
ki (1/phit) 0,105 0,127 R? 0,957 0,982
R? 0,999 0,998

Bdc 2 Freundlich

0e, n (MQ/Q) 168,11 96,41 Kr [(mg/g).(L/mg)*"] 57,89 51,81
k2 (g/mg/phuit) 8,01x10* 1,65x10° | 1/n 0,224 0,149
R? 0,983 0,978 R? 0,991 0,953
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Hinh 5. M6 hinh dong hoc (a, b) va ding nhiét hap phu (c, d) cia MB va Ni(II) trén vat liéu Fe30,@CRC.

Bang 2. Bang so sanh dung luong hip phu ciia mot s6 vat liéu ddi voi MB va Ni(Il)

Chat 6 nhidm | Vat liéu hip phu am (Mg/Q) Tai liéu tham khao
Ong nano cacbon tir tinh 15,90 [30]
Nano polymer x6p gan nhom carboxyl 57,74 [31]
MB ZnS:Cu/than hoat tinh 123,46 [32]
Fes04@CRC 187,26 Nghién ciru nay
Than hoat tinh tir tinh tir mun cua 228,22 [33]
Fe304/GO/chitosan 12,24 [34]
Than hoat tinh tir xo dira 62,5 [35]
Ni(ll) Fe304/GO/chitosan (dang hat) 80,48 [17]
Fe;04@CRC 106,75 Nghién ctru nay
FesOa/than hoat tinh/chitosan 108,70 [5]
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Hé s6 téc @6 cua Ni(II) (k;=0,127) cao hon
so voi MB (ki=0,105), ching to qué trinh hap
phu cua Ni(I) boi Fe304@CRC dién ra nhanh
hon MB. Bén canh d6, cac gia tri ciia tham sb 1/n
trong mo hinh Freundlich nam trong khoang tir
0-1, cho thay sy hdp phu ciia MB va Ni(ll) trén
cac bé mat vat liéu dién ra thuan loi. Dung luong
hép phu cuc dai tinh theo m6 hinh Langmuir ddi
véi MB va Ni(Il) twong Gng 1a 187,26 mg/g va
106,75 mg/g. So véi kha ning hap phu ciia mot
s6 vat lidu khac (Bang 2), Fes04@CRC c6 kha
ning hip phu tuong d6i cao d6i véi ca MB
va Ni(ll).

3.4. Cac thong 56 nhiét hoc

Céc thong s6 nhiét dong luc hoc hap phu nhu
nang luong tu do Gibbs (AG), entanpi (AH) va
entropi (AS) s€ dugc tinh todn theo cac phuong
trinh sau:

AG=-RT In K, (8
Lanzé_ﬁ (9)
R RT
C
K == 10
e T (10)

Trong d6: R 1a hang s6 khi; K¢ 1a hing s6 can
bang hap phu; Cad (Mg/L) va Ce (Mg/L) lan luot
la nong d6 can bang cua chit dwoc hap phu trén
bé& mat vat liéu va trong dung dich. Gié tri AH va
AS s& dugc tinh toan duya trén phuong trinh tuyén
tinh thé hién phu thudc giita LnK; va 1T
(Hinh 6). Cac thong s6 nhiét hoc dugc dua vao
Béang 3.

Tir Bang 3 ¢6 thé thiy, AG tai tat ca cac nhiét
d6 khao sat déu mang gié tri am, diéu nay ching

to quéa trinh hip phu caa Ni(ll) va MB trén
Fes0,@CRC la qua trinh ty phat, tac 1a ty dién
ra ma khong can xuc tac. Ngoai ra, gia tri AG
tang khi nhiét do tang khang dinh qua trinh hap
phu cia MB va Ni(ll) trén bé mit Fes0,@CRC
thuan loi & nhiét do cao va chu yéu la hap phu
hoéa hoc.

Gia tri duong cua AH va AS chtng to qua
trinh hap phu caa Fes04@CRC dbi voi Ni(ll) va
MB la qué trinh thu nhiét va mac do tu do cua
cac phan tur trong dung dich ting 1én tai bé mat
phan céch ran — long [5].

3.5. Kha nang tai swr dung ciia vat liéu

Uu diém ndi bat cta vat ligu tir tinh 1a c6 thé
dé dang thu hdi va tai str dung nhiéu lan. Viée sur
dung 1au dai mot chat hip phu ludn dugc quan
tam boi vi n6 1a mot yéu td quan trong gitp giam
chi phi khi img dung thyc té.

2.8 = MB
! o Nifll)

2.4

2.0

1.6

LnK¢c

1.2

0.84

0.4 ¥ T T T T T T
0.0030 0.0031 0.0032 0.0033 0.0034

1T

Hinh 6. Sy phu thudc cta InK¢ vao nhiét do 1/T.

Bang 3. Cac thong sb nhiét hoc ciia qua trinh hip phu MB va Ni(Il) trén Fes04@CRC

AS AG (kd/mol)
AH (kifmol) (I/mol/K) 298 308 318 328
MB 23,64 86,88 2,41 2,93 -3,89 -5,01
Ni(11) 25,24 97,10 -3,75 -4,63 -5,53 -6,69
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Hinh 7. Dung luong hép phu cua MB va Ni(II) trén
Fes04@CRC qua cac lan tai sur dung.

Trong nghién ctru nay, kha nang tai st dung
cua vat litu FesO4@CRC dugc khao sat qua
5 vong hap phu-giai hap phu lién tiép. Sau mdi
lan hap phu, vat liéu hap phu chira chét bj hap
phu dugc ngam trong dung dich HC1 0,1M trong
24h @ giai hip, sau d6 siy kho hoan toan trudc
khi str dung né dé hap phu trong cac vong tiép
theo. Céac diéu kién thi nghiém duoc chon ¢ cac
gia tri toi wu. Két qua dugc thé hién ¢ Hinh 7.
Tir Hinh 7 cho thay khi ting sb 1an tai st dung
dung luong hap phu ctia Fe;04@CRC giam dan.
C6 thé thiy rang sau nam chu ky, kha ning hap
phu ciia Fes04@CRC dbi véi MB va Ni(II) giam
tir 145,09 mg/g va 81,94 mg/g xudng con 130,28
mg/g va 68,32 mg/g, tuong Grng giam 10,21% va
16,62% so v&i lan hip phu dau tién. Sy giam nay
¢6 thé 1a do hai nguyén nhén chinh d6 1a: sy mat
dan cac tim hp phu qua nhiéu lan tai str dung va
su giai hip chua dién ra hoan toan do cac ion
Ni(II) va phan tr MB con bi gilr chat trong
Fes04@CRC. Bén canh d6, khéi lugng cia miu
Fe;04@CRC sau 5 1an sir dung giam khong dang
ké chi 1,62% ching to vat liéu kha bén va hiéu
suét thu hoi kha cao.

4. Két luan

Vit lidu cacbon tir tinh giau cacboxylat da
dugc tong hop thanh cong bang phuong phap
nhiét phan & nhiét do thip va ung dung dé xur Iy
Ni(II) va pham mau nhuém MB. Két qua phan

tich SEM va TEM cho thdy Fes0.@CRC t6 hop
tir cac hat nano Fes0s kich thudc khoang 10-20
nm dugc phan b déu trén CRC dang manh c6
chiéu dai 2-10 um véi d day 0,5-2 pm. Nho s&
hitu dién tich bé mat 16n (308,7 m2/g) va co tir
tinh (30,02 emu/g), FesO4@CRC thé hién kha
nang hip phu cao ddi voi ca Ni(IT) va MB, va dé
dang thu hdi sau hap phu bang cach sir dung k§
thuat tach tir tinh. Qua trinh hap phu cia MB va
Ni(ll) trén Fes04@CRC la qua trinh tu phat, thu
nhiét va dugc mé ta tot voi mé hinh dong hoc
bac mdt, md hinh dang nhiét Freundlich (ddi véi
MB) va Langmuir (d6i véi Ni(I). Dung luong
hép phu cuc dai ctia Fes0,@CRC dbi véi MB va
Ni(II) dugc xac dinh co gia tri 1an luot 13 187,26
mg/g va 106,75 mg/g. Bén canh d6, két qua khao
sat kha ning tai sir dung cho thiy Fes;0,@CRC
duy tri t6t kha ning hap phu qua nhiéu lan st
dung, sau 5 lan tai su dung chi giam khoang
10,21% (dbi voi MB) va 16,62% (ddi voi Ni(II))
so voi lan hip _phu dau tién. Nhu vy,
FesO.@CRC co thé tro thanh chét hap thu tiém
nang dé loai bo ion kim loai nang va phdm mau
nhudm dgc hai ra khoi nude thai cOng nghiép do
quy trinh téng hop don gian, hi¢u suat xur 1y t6t
va kha nang thu hoi tai sir dung cao.
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