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Tom tat

Nghién ciru qud trinh hdp thu trao déi ion trong hé chira dung dich mudi Fe (II) hodic Fe
(111) va ong hodc soi nanocarbon bién tinh. Tim ra sw phu thudc ciia dung lirong hdp thu vao cdc
nhdn t6: thoi gian, ty 1¢ khoi lrong chdt hdp thu véi thé tich dung dich, nong dé dung dich mudi,
dai lvong pH va “do tan” (do bién tinh) cua chdt hc?'p thu. Sw cdn b&ng cua hé dwoc miéu ta b&ng
phwong trinh ding nhiét Lengmuir va Freundlich, dong hoc hdp thu dwoc miéu ta biang phwong
trinh bdc nhat. Chi ra kha ndng ddy nhanh qud trinh hdp thu bing viéc sir dung Io vi séng.
11 khoa: (5ng nanocarbon, hc?'p thu trao doi ion, nanocarbon bién tinh, hc?'p thu ion Fe

Abstract

At room temperature the balance was studied in systems containing solutions of salt Fe (I11)
or Fe (11]) and the functionalizied carbon nanofiber (fCNF) or carbon nanotube (fCNT). Found
depending on capacity of the duration of contacting, the ratio of mass of sorbent to volume of
the solution, the concentration of salts in the solution, the pH of the solution and the “solubility”
(degree of modification) of sorbent. Equilibrium data is described by the equations of Langmuir
and Freundlich, kinetics of processes by the pseudo second — order rate equation. Show the
possibility to accelerate the sorption by the physical activation.
Keywords: CNT, ion-exchangce sorption, functionalized carbon nanotubes, sorption of ion iron.

1. GIOI THIEU CHUNG

Ong va soi nanocarbon (hay con goi la
carbon nanotube (CNT) va carbon nanofiber
(CNF)) ¢6 dién tich bé mat twong doi 1én va
dé dang thuc hién chuc hoa béng viée gén cac
nhom —C(O)OH, =CO, =COH va cac nhoém
chue khac giup cho vét liéu nay c6 kha nang
trao doi ion voi mudi cua cac kim 10a1 Qua
trinh hap thu trao d6i ion kim loai bing 6ng va
so1 nano carbon bién tinh c6 thé st dung trong
nhiéu muc dich khac nhau nhu: lam sach dung
dich khoi tap chat, phan tach va c¢6 dic dung
dich, phan tich xac dinh ham luong kim loai,
nhén composite, xac tac quang dién.
Nghién ciru hép thu ion kim loai 1én trén bé
mat 6ng va soi nanocarbon ¢6 mét s luong
I6n cac cong trinh nghién ctru va da c6 mot
vai bai viét tong quan vé van dé nay [1-4].
Hién co6 khoang 20 dén 30 bai bao khoa hoc

nghién ciru qua trinh hap thu chi, dong va
cadimi, tiép do6 1a nikel va kém. Trong tat ca
cac nghién ciru nay déu st dung dung dich c6
ndng do thap, hodc rat thap. Nghién ctru hap
thu ion Fe(III) bang gidy moéng ché tao tir ong
va s¢1 nanocarbon da dugc nghién ctru trong
bai bao [5], dong hoc qua trinh hép thu duoc
mo ta bang phuong trinh bac nhat, can bang
qua trinh duoc md ta bang phuong trinh dang
nhiét Lengmuir, dé thu hoi chét hép thu su
dung qua trinh khtr hap thu dién hoa. Hap thu
ion Fe(Il) lén bé mit 6ng va soi nanocarbon
van chua duoc nghién ciru.

Ong nanocarbon két hop véi hat nano cua
Fe304 1a vat liéu c6 tinh chat tir tinh va c6
thé sir dung gidng nhu cac, chét hap thu [6-
8], cung nhu vat liéu ngudn dé nhan duoc
composite gom
Muc dich ciia nghién ciru nay 1a hap thu ion
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Fe(Il) va Fe(Ill) lén trén bé mat ng va soi
nanocarbon bién tinh. Cac th1 nghlem déu
duoc thuc hién dung dich mudi co nong do
cao.

2. PHUONG PHAP NGHIEN CUU

Trong cac thi nghiém st dung 6ng va soi
nanocarbon duoc bién tinh theo phuong phap
da dugc nghién ciru va mo ta trong tai liéu
[9]. Qua trinh bién tinh nay d4 hinh thanh 1én
trén bé mat ctia vat liéu cac nhom chic chia
ox1i nhu: —C(O)OH, =CO va =COH, cac nhom
chire nay giup cho vat liéu ¢o6 kha nang hinh
thanh cac hé phan tan bén ving va tham gia
vao qua trinh trao d6i ion. Cac mau ong va
soi nanocarbon bién tinh ¢6 d6 tan, hay nong
do phan tan trong nudc la 4,0 (f-CNF-1), 3,7
(f-CNT-2) va 2,0 g/l (f-CNT-3). Dién tich bé
mit chia dng va soi sau bién tinh khoang 242
va 70 m2/g. Cac hoa chat khac duoc sur dung
co su phan loai tiéu chuan hoa hoc.

Qua trinh hép thu dugc thuc hién theo phuong
phap sau. Ong va soi carbon duoc phan tan
trong 50 ml nudc voi su giap d& cua may siéu
am YPAH-A, sau d6 cho thém vao 10 ml dung
dich Fe(NO3)3; FeSO4, gilt trong maot thoi
gian ¢ dinh, sau d6 tach két tua qua gidy loc
va sy kho.

Pé xac dinh khéi lwong kim loai duoc hép
thu, tién hanh nung két tia dd say kho trong
khong khi & nhiét 36 7500C sau d6 can lugng
oxit kim loai nhan dugc. Khi nghién ctru su
anh huéng pH chung ta thém vao dung dich
H2S04, HNO3, NH4OH loéng va tién hanh
do bang thiét bi pH-56 Martini.

Nghién ctru anh hudng cua song vi ba 1én
qua trinh hép thu duoc tién hanh trong 10 vi
song Samsung M1712NR trong vong 3 phut
va codng suét thay doi tir 100-800 W.

3. KET QUA NGHIEN CUU

Puong dang nhiét cia qua trinh hap thy
duoc xay dung bang phuong trinh q=f(Cs).
Dung lugng hap thu q duoc tinh toan theo
phuong trinh:
q={(CO—-Cs)V}/m, (1)
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O day, q — dung luong hap thu, mg/g; CO
- néng d6 ban dau cua ion kim loai, mg/l; Cs
- ndng d6 can bang cua ion kim loai, mg/l; V -
thé tich dung dich, I; m - khoi luong chat hap
thy, g.
Tbc do va can bang cua qua trinh hap thu trao
d6i ion phu thude vao nhiéu yéu to, s& duoc
nghién ctu & bén dudi.

3.1. Anh hwong cua khoang thoi gian
duy tri tlep xtuc gitra cac pha ran va long.

Theo két qua chi ra & hinh 1 va 2, qua trinh
hap thuy trao doi ion két thiic trong khoang thoi
gian tiép xutic gitta 2 pha la 20 dén 40 phut, vi
vay cac thi nghiém tiép theo, ngoai trur thi
nghiém trong 1o vi song s€ duoc duy tri trong
khoang thoi gian 60 phut.
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Hinh 1. Anh hwong cua thoi gian tiép xiic pha
J-CNF-1 voi dung dich Fe(NO3)3 lén dung
lwong hdp thu véi gid tri pH = 1,5 (dwong so
1); pH = 1,0 (dwong s6 2); pH = 0,5 (duong
s6 3) va 1y 1é R:L = 35:60, nong do ban dau
cuia dung dich la 3 mmol/l.
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Hinh 2. Anh hwong cua thoi gian tiép xiic pha
FCNF-1 v6i dung dich Fe(NO3)3 (dwong sé
1) va FeSO4 (dwong sé 2) lén dung lwong
hdp thu véi gid tri pH = 1,6 va va ty 1é R:L
= 35:60, nong do ban dau cia dung dich I
3 mmol/l.

Nhan thay rang khi ting dai luong pH va
glam néng d6 1on kim loai trong dung dich
thi thoi gian hinh thanh trang thai cén bang
khong thay do6i nhiéu.

3.2. Anh hudng cia ty 18 pha.

Ty 1é pha ran va léng (R : L) trong khoang
0,15-1,15 g/ml, dung dich c6 pHtrr 1,0 -2,0
khong anh hudng nhiéu 16n kha nang hap thy
(Hinh 3).
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Hinh 3. Anh hwong ciia 1y 1é R:L lén dung
lirong hdp thu ciia f-CNF-1 trong dung dich
Fe(NO3)3 c6 nong do ban dau bang 3 mmol/l
v6i gid tri pH = 2,0 (dwong sé 1); pH = 1,5
(dwong s6 2); pH = 1,0 (@wong sé 3).

Tuong tu véi két qua cla cac nghién ciru
khac chi ra rang kha nang hap thu cé thé tang
manh trong khoang R : L <0,10.

3.3. Anh hudng caa gia tri pH.

Giatri pH cta dung dich anh huong rat 16n
1én dd tan cua 6ng va soi nanocarbon bién tinh
[10], cling nhu kha ning hap thy (Hinh 4).

Hinh 4. Sw phu thuéc ctia dung hrong hdp
thu Fe(NO3)3 lén f-CNT-2 (dwong s6 1);
Fe(NO3)3 (dwong sé 2) va FeSO4 (dwong s
3) lén f~-CNF-1 vao gid tri pH vdi ty Ié R:L =
35:60 va nong do dung dich ban dau bing 3
mmol/l.

Khi tang pH lén mot gia tri nhan dinh
s& xay ra hién tuong kha nang hap thu ting
dot ngot. Hién tuong nay lién quan dén kha
ning hap thay thé proton bang ion kim loai
va dic biét la tang lién két hydro giita céc
nhom carboxyl ctiia cac hat nanocarbon lién
ké nhau, nho do pha v& su co cum cua cac hat
nanocarbon. Trong trudng hop dbi voi mudi
Fe(IIT) qua trinh pha v& sy co cum cua cac hat
nanocarbon dién ra rat nhanh khi thay doi gia
tri pH trong khoang ngan. D6i vi mubi Fe(Il)
qua trinh nay yéu hon va khoang gia tri pH
kéo dai hon.

Trong qua trinh hap thy, khi tang gia tri
pH s& 1am thay do6i thanh phan ion trong dung
dich mudi — hinh thanh két taa va ngan chin
su hap thu. Qua trinh nay c6 su khac biét doi
v6i timg loai mubi. Piéu nay duoc chi ra trong
su so sanh gitta hai mubi Fe(Il) va Fe(I1I) , kha
nang hap thy cta Fe(IIT) gap 2,5 1an Fe(II).

3.4. Anh huwéng tinh chét ciia chit hip
thu.

Qua trinh bién tinh dng va soi nanocarbon
khong chi 1am thay d6i méat d6 nhom chic
trén bé mat vat liéu ma con thay ddi hinh dang
cua 6ng va soi. Vi vay bac bién tinh khac
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nhau sé tao ra cac vat liéu khac nhau va viéc
so sanh kha nang hap thu doi voi cac éng va
s¢1 nanocarbon st dung trong cac nghién ctu
khac tré 1én khé khan. Kha nang hap thu cua
6ng va s¢1 nanocarbon vo1 do tan trong nudc
khac nhau duogc chi ra trong bang 1.

Bang 1. Anh huong ciia «P§ tan» 1én dung
lwgng hap thu.

- «DPo tan», | Dung lwong hip thy,
gl mg/g
0 3,5
1,0 2,0 12,6
4,0 17,5
0 42
1,6 2,0 66,5
40 91,0
0 5,6
2,0 2,0 199,5
40 219,1

Qua cac s6 liéu trong bang 1, ching ta c6 thé
thay rang khi ting d6 bién tinh cia ong va
s01, kha nang hap thu ciing tang 1én. P4 co rat
nhiéu céc két qua trong cac nghién ciru trude
day chi ra sy khac nhau trong ddc tinh hap thy
cta vat lidu da va chua bién tinh.
Kha nang hép thu cua so1 nanocarbon luon
thap hon 6ng nanocarbon. Diéu nay khang
dinh su phu thudc rat 1on cua kha nang hép
thu vao dién tich bé mat cua chat hap thy.

3.5. M6 ta toan hoc su cin bing.

Tét ca cac duong déng nhiét nhan duoc
déu duoc md ta bang phuong trinh Lengmuir
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(2) hoac phuong trinh Freundlich (3).
q= {(KLCs)/ (1 + KLeCs)} gm, (2)
O day, KL - hang sb can bang; Cs - nong do
can bang cua ion kim loai, mg/l; gm — dung
luong hap thu 16n nhat, mg/g;

q=KF.Csl/n, (3)
Cs - ndng do can bang cua ion kim loai, mg/l;
KF van — cac tham so cua phuong trinh,
Cac két qua hap thu trong hé Fe(NO3)3 — soi
nanocarbon trong ba gia tr1 pH (Bang 2 va 3)
chi ra ring su can bang c6 cac hé sd tuong
quan cao hon dugc mo ta bdi phuong trinh
Lengmuur.

Bang 2. Pic tinh hap thu theo phwong trinh
Lengmuir.

pH g (MI/r) Ky R?
1.00 | 31.1530 0.0116 0.9877
147 | 55.8660 0.0350 0.9969

200 |227.2730 0.0244 0.9891

Bang 3. Pic tinh hap thu theo phwong trinh

Freundlich.
'pH |N Ky R?
1.00 0.7863 0.0154 0.9636
1.47 0.6244 0.0149 0.9795
2.00 0.4713 0.0081 0.9651

Cac két qua nay khong co su biét voi cac
nghién ctru trong cac tai li€u tham khao khac.

3.6. Pong hoc qua trinh hap thu.

Hép thu c6 thé dién ra trong ché d6 dong
hoc, trong vung khéch tan ngoai va khéch
tan trong va tuong ung dugc mo ta bdi cac
phuong trinh khac nhau. Dé nghién cru qua
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trinh hép thu ching ta st dung mét s6 phuong
trinh khac nhau, tuy nhién hé sé tuong quan
tot nhat nhan duoc tur phuong trinh:

dqt /dt = k(qe — qt)2,

O day, qe — dung luong hép thu tai thoi
diém can bang, qt - dung luong hép thu
tai thoi diém t; k - hing s6 toc d6 hap thu.
Phuong trinh dua ra trong gia thuyét vé giéi
han qua trinh phan ung trén bé mat va co thé
st dung trong nhiéu hé thong hap thu [11],
cling nhu cac phan Ung hoa tan [12]. Pay
cling 1a phuong trinh thich hop nhat dé mé
ta dong hoc hép thu trén 6ng nanocarbon cac
ion Pb2+, Cu2+, Cd2+ [13], Cr6+ [14], Zn2+
[15], Ca2+ [16], cting nhu la cac nghién ciu
khac [17,18].

Bién ddi toan hoc phuong trinh sé& cho ra
su phu thudc tuyén tinh:

t/qt = t/qe + 1/kqe2 = t/qe + const.
Két qua duoc dua ra trong bang 4 va 5.

Bang 4. Piic tinh déng hoc hap thu theo
phwong trinh bac nhat.

prH ge, Mg/g k; R?

1.00 6.9020 0.1650 0.9876
1.50 22.7720 0.1180 0.9821
2.00 101.4380 0.1200 0.9858

Bang 5. Piic tinh déng hoc hap thu theo
phwong trinh gia bac hai.

pH e, MI/T k; R?

1.00 5.5040 0.0980 0.9899
1.50 25.1890 0.0074 0.9433
2.00 98.0390 5.26.10™ 0.9455

Tur két qua dua ra co thé nhan thay rang
dong hoc hap thu dugc mo ta béng phuong
trinh giél/ bac hai vo1 cac hé so tuong quan
dong nhat hon.

3.7. Kha ning hip thu trong 1 vi séng.

Nhu chung ta déu biét song vi ba tuong tac
lén cac phan tir phan cuc, trong d6 ¢6 phan tu
nudc va ca 6ng va soi nanocarbon bién tinh
lam tang nhiét d6 va ting toc d6 phan img cua
chét hap thy trong méi truomg nude. BE kiém
tra kha nang hap thu trong tuong tac ciia song
vi ba, cac thi nghiém d4 duoc tién hanh. St
dung dung dich Fe(NO3)3 thé tich 50 ml véi
ndng dd ban dau 1a 3 mmol/l va f-CNT-3 véi
ty 16 R:L=1:30 va pH=2,5. Cong xuét ctia 1o
vi song 1a 450 W. Két qua duoc dua ra trong
hinh 5.
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Hinh 5. Anh huwong cua thoi gian tiép xiic ciia
J-CNT-2 voi dung dich Fe(NO3)3 lén dung
liwong hdp thu trong 16 vi song (dwong s6 1)
va binh thuong (dwong sé 2) voi gid tri pH
=25vawylé R:L = 1:30.

C6 thé nhan thay rang song vi ba khong chi

day nhanh qua trinh hap thu ma con ting kha
nang hap thu cua dng nanocarbon bién tinh.
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Diéu nay co thé giai thich do su tdng nhiét do
qué trinh hép thu dudi tac dong cla song vi
ba.

4. KET LUAN

Mot trong nhiing tinh chét quan trong nhat
cua 6ng va soi nanocarbon bién tinh 14 su phu
thude cia kha nang phan tan trong dung moi
vagiatri pH [10]. Tai gia tri pH thap hon 1 ong
va soi nanocarbon bién tinh bi co cum va léng
xubng. Su c6 mit cua mot vai ion kim loai
trong hé hap thu s& pha v& cac lién két hydro
gifra cac nhom carboxyl gitp 6ng va soi phén
tan tot hon. Nhu trudng hop déi voi mubi cia
zirconium s& cho phép tang do tan ctia éng va
soi trong khoang pH nhé hon 1. Kha nang hap
thu Fe cua 6ng va soi nanocarbon bién tinh
phu thudc va nhiéu nhan t6 nhu néng do ban
dau ctiia dung dich mubi, bac bién tinh hay do
tan cua 6ng va so1, ti 1€ pha, gia tri pH, va su
trong tac cia song vi ba. Kha nang hap thu
dat gia tri cao nhat 1a 260mg/g, can bang duoc
mo ta bdi phuong trinh Lengmui hoéc Frich,
con dong hoe hap thu duoc md ta béi phuong
trinh bac nhat hodc gia bac hai. Kha ning hap
thu cta Fe(Il) va Fe(Ill) nhé hon 30 mg/g tai
pH = 1,5 tuy nhién khi tang pH thi cac gia tri
nay tang 1én 212 d6i voi Fe(IIT) va 100 mg/g
d6i v&i Fe(IT). Hap thy ion Fe(IIl) ¢ sy tuong
tac cua song vi ba khong chi tang kha nang
hap thy ma con rat ngan thoi gian dé dat dén
su can bang hap thu.
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