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TONG HQP VA NGHIEN CU'U TINH CHAT HAP PHU CUA VAT LIEU
COMPOZIT POLYANILIN - NHOM OXIT

Bui Minh Quy", Vii Quang Tung’, La Thi CAm Van®
1Tru‘d‘ng Bai hoc Khoa hoc — DH Thdi Nguyén,
2Tyuwong Cao dang Kinh 16 K3 thudt — PH Thdi Nguyén

TOM TAT
Compozit polyaniline (PANi) — nhém oxit 1a vat liéu c6 nhiéu tmg dung trong thyc té. PANi —
nhém oxit da dugc tong hop thanh cong bang phwong phap hoa hoc. Cac nghién ctru dac trung chu
trac vat liéu cho thdy, vét lidu ton tai & dang soi ngan va két dam, kich thuéc duong kinh soi
khoang 100 nm. Compozit PANi — nhom oxit c6 kha nang hap phu Pb (II) trong dung dich nuéc
tai pH = 3, thoi gian dat can bang hap phu 1a 60 phut. Khi nong d6 ban du ciia Pb (II) ting thi
dung lugng hip phu ting, hiéu suat hip phu giam. Qua trinh hap phu tuan theo mé hinh hép phu
Langmuir, Freundlich, Dubinin — Radushkevich. Dung luwong hap phu cuc dai dat 44,05 mg/g,
trong d6 dung lwong hap phu don 16p dat 32,30 mg/g. Pong hoc hip phu tuin theo mé hinh gia
ddng hoc hap phu bac 2 vé6i ning luong hoat dong hoa qua trinh hap phu bang 13,17 kl/mol. Do
véy day la qua trinh hip phu vat Iy.
Tir khéa: Polyanilin — nhém oxit; hap phu Pb (II); mé hinh hap phu ding nhiét; déng hoc hdp
phu; Freundlich; Langmuir, Dubinin — Radushkevich; Gia dong hoc bdc 1; gia dong hoc bdc 2.
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SYNTHESIS AND STUDY ADSORPTION CHARACTERS OF ALUMINIUM
OXIDE - POLYANILINE COMPOSITE MATERIAL
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ABSTRACT

Aluminium oxide — polyaniline composite material has many applications in fact. This material
was succesfully synthesized by chemical method. The studies of material structure characteristics
shows that the Al,O3 - PANI existed in the short fibers form and clusters with the diameter about
100 nm. Al,O3 - PANi composite has the ability to adsorb Pb (I1) in aqueous solution at pH of 3.0,
the equilibrium contact time of 60 minutes. When the initial concentration of Pb (1) increases, the
adsorption capacity increases and the adsorption efficiency decreases. The adsorption isotherm
fitted well to three models: Langmuir, Freundlich and Dubinin - Radushkevich models. The
maximum adsorption capacity was 44.05 mg/g, inwhich the single-layer adsorption capacity was
32.30 mg/g. The adsorption Kinetic followed the pseudo-second-order kinetic model with
activation energy of adsorption equal 13.17 ki/mol. So that was physical adsorption process.
Keywords: Aluminium oxide — polyaniline; Pb (I1) adsorption; adsorption isotherm; kinetic
adsorption; Freundlich, Langmuir; Dubinin — Radushkevich; the pseudo-second-order; the pseudo
— fist — order.
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1. Mé dau

Nhom oxit 1a mot hop chat hoa hoc ciia nhém
véi oxi, ¢ cong thirc hoa hoc 1a Al,O3. Nhém
oxit da dugc nghién clru tng dung trong
nhiéu linh vuc nhu céng nghiép gdm st, cac
loai sensor [1], [2], vat liéu chéng dn mon
kim loai [3]-[5], vat lidu y sinh [2], chat xuc
tac [6],... Nho co ciu trac tinh thé nho, nén
nhém oxit ¢6 bé mit riéng 16n. Do vay nhom
oxit con dugc biét dén nhu mot chat hap phu
truyén thong, dic biét 1a dbi véi cac ion kim
loai nang [7], [8]. Nhém oxit cling duge bién
tinh v6i nhiéu vat lidu khac nhau nham ting
dung luong hap phu va tng dung cia né trong
thue té [4], [9], [10]. M6t trong nhirng vét liéu
dugce lya chon d€ bién tinh v6i nhom oxit 1a
polyanilin (PANi), day 1a mot polyme dan dé
tong hop lai than thién v6i méi truong [11],
[12]. Viéc két hop giita polyanilin va nhém
oxit ngoai viéc tang dung luong hip phu con
huéng dén kha ning tai st dung vat lidéu nho
nhiing dac tinh riéng cta polyanilin [5], [10]-
[13]. Tuy nhién huéng nghién ciru nay ¢ Viét
Nam con chua dugc quan tdm nghién ciru.
Bai bao nay trinh bay viéc tong hop, nghién
ciru nhitng dac trung cua vat li€u compozit
polyanilin — nhém oxit, tir 46 nghién ctru tinh
chat cua vat liéu thong qua kha nang hip phu
Pb (II) trén compozit di tong hop trong moi
trudng nudc.

2. Thue nghiém va phuong phap nghién ctru
2.1. Tong hop vit ligu

Vit liéu compozit PANi — nhém oxit (PANi -
Al,03) duoc téng hop bang phuong phap hoa
hoc [11], [13]. Phan tmg polyme hoa duoc tién
hanh trong moi truong axit HCl 1M, nhiét d¢
tr 0 = 5 °C, st dung chit oxi hoa la
amonipersunfat voi ti 16 s6 mol aniline :
amonipesunfat 1a 1:1. Aniline dugc nho tir tur
vao hdn hop trén vdi ti 16 s6 mol nhom oxit :
aniline l1a 1 : 2. Sau khoang 10 phut, dung dich
trong cdc bat ddu xuat hién mau xanh, d6 1a
thoi diém cac polyme hinh thanh, rdi chuyén
sang mau xanh den. Tiép tuc cho phan g tién

hanh trong thoi gian 8 gid ¢ nhiét d6 tr 0 ~ 5
°C trén may khudy tir, & hdn hop qua dém cho
qua trinh polyme hda dugc xay ra hoan toan.
San phérn duogc loc trén bom hut chan khong
va rira bang dung dich acetone : metanol ti 18
1:1 dé loai bo hét aniline du. Siy kho san
phiam & nhiét d6 60°C trong thoi gian 4 gio,
sau do6 dua vao lo dung va bdo quan trong
binh hat 4m. Vat liéu da tong hop duoc
nghién ctru dic trung ciu trac va kha ning
hép phu Pb (11) trong nudc.
2.2. Nghién ciru khd ning hdp phu Pb (II)
ciia vit ligu compozit PANi — nhdm oxit
Trong mdi thi nghiém, can chinh xac 50,0 mg
vat liu PANi — Al,O5 cho vao coc thuy tinh
200 mL, thé tich dung dich Pb (II) 1a 50,0
mL. Hdn hop duge khudy trén may khudy ti.
Nghién ctru kha ning hap phu Pb (II) cua
PANi — Al,O; trong mdi truong nudc thong
qua nghién ctu anh hudng cua pH, thoi gian
dat can bang hip phu va ndng d6 ban dau cta
Pb (II). Dung luong va hiéu sudt hap phu
duogc xac dinh theo phuong trinh (1) va (2).
q = (G, -GV (1)
m
H = L& =% 1009 )
0
Trong d6: Co, C¢ lan luot 14 ndng d6 dung
dich Pb (II) ban diu va tai thoi diém t (mg/L);
V: thé tich dung dich Pb (II) dugc ldy dé hap
phu (L); m: khdi luong chat hip phu PANi —
Al,Os (2); H: hidu suat qua trinh hap phu (%).
2.3. Phwong phap nghién ciru
Phd FT-IR cua vat liu duge do dudi dang
vién ép KBr trén may FTIR (Shimadzu —
Nhat Ban), gian dd nhiéu xa tia X cua vat liéu
dugc phan tich trén hé D8 ADVANCE
(Bruker - Burc) tai Khoa Hoéa hoc — Truong
Pai hoc Khoa hoc Tu nhién, Pai hoc Qudc
gia Ha Noi. Hinh dang, kich thudc cta vat
liéu dugc quan sat qua anh hién vi dién tu
quét trén may FE-SEM (Hitachi S-4800 -
Nhat Ban) tai Vién Vat liéu — Vién Han lam
Khoa hoc va Cong nghé Viét Nam.
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Nong do Pb (II) truée va sau khi 7h€'1p phu
duogc xac dinh bang phuong phap phd hap thu
nguyén tir (Thermo - Anh) tai Truong Pai hoc
Khoa hoc, Pai hoc Thai Nguyén.

3. Két qua va thio luin

3.1. Pdc trung ciu tric vit ligu PANi —
nhom oxit

Trong phd FT-IR cta vat lidu PANi — Al,O,
(hinh 1), ngoai cac pic dac trung cho céc lién
két ctia PANi con xuét hién cac dai hép thu
nhe tir 428 cm™ dén 690 cm™ dic trung cho
lién két cua Al — O trong Al O [12]. Chimg t0,
trong vt liéu co su tdn tai ciia Al,O3 dé tao vat
liéu dang compozit. Sy tdn tai ciia Al,O; trong
vat liéu da lam cho vi tri cac pic dac trung cua
PANI bi dich chuyén nhe. Cu thé: Pic tai v =
2904 cm™; 2978 cm™ twong tmg véi dao dong
ctia nhém C - H. Pic tai v = 3206 cm™ tuong
mg voi dao dong lién két cia nhom amin N —
H khong bdo hoda. Pic tai cac vi tri v = 1656
cm™; 1552 cm™; 1448 cm™ twong tng vdi lién
két lién hop cua C=C. Pic & cac vi tri v = 1226
cm™; 1284 cm™ twong mg voi dao dong hoa
tri cia C — N thom. Pic tai cac vi tri v = 787
cm™; 873 cm™ tuong ung véi dao dong bién
dang cta C — H [5], [10]. Piéu nay ching to,
vat lieu PANi — Al,O; di dugc tong hop
thanh cong bang phuong phap héa hoc.

Y [N Tl
- b d w . -
" . Y

Hinh 1. Ph6 FT-IR ciia vt ligu PANi — Al,O4
Két qua gian dd nhidu xa tia X cua vat liéu
PANiI, Al,O3 va PANi — Al,O3 (hinh 2) cho
thay, trén gian dd nhidu xa tia X ciia PANi —
Al,O; ngoai cac dinh nhiéu xa dic trung cia
PANI tai vi tri 20 bang 15°% 25,80% 27,01°,
con ¢6 su xuét hién cac dinh dic trung cho
AlLO; tai cac vi tri 20 bang 37,55°% 46,03
66,99°[4],[5].[7].

1000 —— PANi
—— PANi - AI203
—— AI203

800

600

o A\A\,\‘WW

0 A\A\M

T

0o 20 3 40 s e 70 o
2-theta -scale
Hinh 2. Gidn dé nhiéu xa tia X ciia Al,04, PANi
va PANi — Al,O,
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Hinh 3. Anh SEM ciia PANi — Al,04
Két qua phan tich anh SEM caa PANi — Al,O; (hinh 3) cho thdy, vat liéu ton tai & dang soi ngén,
két dam va Xép. Trén bé mat vat liéu con cb nhitng chd sang c6 thé 1a do su ton tai cua Al,Os.
Nhitng sgi PANi — Al,03 c6 duong kinh khoang 100 nm.
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3.2. Nghién ciru khd niing hép phu ciia vit liéu
3.2.1. Anh huong ciia pH
Dé nghién ctru anh huong cua pH qua trinh
hép phu Pb (II) trén PANi — Al,Oj, tién hanh
cac thi nghiém tai nong d6 ban dau cua Pb (II)
1a 16,75 mg/L, thoi gian hap phy 1 120 phat,
thay doi cac gia tri pH tir 1 + 6. Két qué trong
bang 1 cho thdy: Khi pH tang tir 1 dén 3, hi¢u
suit hip phu Pb (II) tang tr 39,55% lén
73,01%, dung lugng hap phu tang tir 6,63
mg/g dén 12,23 mg/g; khi pH tlep tuc tdng lén
6, hiéu suét hap phu gidm xudng 52,59%,
dung luong hap phu giam con 8,81 mg/g. Tai
pH = 3, hi¢u suat hip phu dat gia tri cuc dai.
Dé thuan loi cho viéc khao sat cac yéu td
khac trong nghién ctru, lwa chon pH =3 la gia
trj pH t6i wu dé thuc hién cac nghién ciru tiép
theo cho qua trinh hip phy Pb (II) trén PANi
— Al,Os.

Bang 1. Anh huéng cua pH dén dung lwong va

hiéu suat hap phu

pH Ce q H
(mg/L)  (mg/g) (%)
1 10,12 6,63 39,55
2 9,81 6,94 41,42
3 4,52 12,23 73,01
4 7,75 9,00 53,73
5 7,84 8,91 53,18
6 7,94 8,81 52,59

3.3. Anh hwéng ciia thoi gian va dong hoc
quad trinh hd'p phu

Nghién ctru anh hudng cia thoi gian qua trinh
hap phu Pb (II) trén PANi — Al,O; trong
khoang thoi gian tir 5 + 120 pht, tai pH = 3,
ndéng do ban dau caa Pb (II) 1a 16,75 mg/L.
Két qua trong bang 2 cho thiy: Dung luong
va hiéu suit hdp phu Pb (II) cia compozit

PANi — Al,Os tang dan theo thoi gian. Trong

0.61

- -

F 06 -

&

2 y =0.0001x+0.5911
0.59 |= R’ —0.8796
0.58

0 30 50 90 120

I (phait)

(@)

thoi gian khao sat hap phu tir 5 + 120 phut,
dung luong hap phu ting tir 6,63 dén 12,74
mg/g, hiéu suat hap phu tang tir 39,58% dén
76,06%.

Trong khoang thoi gian tir 60 + 120 phat, qua
trinh hip phu Pb (II) gan nhu dat dén trang
thai can bang, dung lugng va hiéu suat hap
phu ting khong dang ké, do vay t = 60 phut
duoc chon 1a thoi gian vat liéu dat cin bang
hap phu cho cac nghién ctru tiép theo.

Bang 2. Anh hwong ciia thoi gian hdp phu dén

dung heong hdp phu Po (1) ciia PANi — Al,O5
;.l:r? Ci g H
)
Gy MIL) (Mg (%)

5 10,12 6,63 39,58
10 9,45 7,30 43,58
40 5,12 11,63 69,43
60 4,03 12,72 75,94
80 4,02 12,73 76,00
120 4,01 12,74 76,06

Tir két qua nghién cru anh huong cia thoi
gian hip phy, dong hoc qua trinh hap phu cia
Pb (1) trén compozit PANi — Al,O; dugc
nghién ctru theo cac phuong trinh gia dong
hoc bac 1 (3) va phuong trinh gia dong hoc
bac 2 (4) dang tuyén tinh [13],[14].

log(de — ;) = loggqe - 3)

t 1 t

- = > +—
q'[ kzqe qe
Trong d6: qe, ¢ dung luong hip phu cia Pb
(I1) trén compozit PANi — Al,Os tai thoi diém
can bang va thoi diém t (mg/g); kl hang so
tdc do hap phu bac 1 (1/phut); ko: hing s toc
d6 hap phu bac 2 (g/(mg.phut)); t: thoi gian
hép phy (phut);

Lt
2.303

(4)

10 y =0.0733x + 0.5056
R* — 0.9981

v,
Lo

0 20 60O 90 120
t (phat)

(b)

Hinh 4. Phwong trinh gia déng hoc béc 1 (a) va gia dong hoc bdc 2 (b) dang tuyén tinh
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Bang 3. Cdc tham sé trong mé hinh gia dong hoc bdc 1, 2 ciia Pb (II) trén PANi — Al,O5

Mo hinh gid dong hoc bic 1

Mo hinh gia dong hoc bic 2

e kq ] R? Oe k, ] R?
(mg/g) (1/phut) (mg/g) (9/(mg.phat))
3,99 -0,0005 0,881 13,64 0,0106 0,998

Két qua cac phuong trinh va tinh todn cac
tham s trong 2 mo hinh trong hinh 4 va bang
3 cho thiy, hé sb twong quan R? trong md
hinh gia dong hoc bac 2 16n hon mo hinh gia
dong hoc bac 1; gia tri dung lugng hip phu
cin bang trong mo hinh gia dong hoc bac 2 1a
13,64 mg/g sat voi gia tri thuc nghiém hon (qe
= 12,74 mg/g) so vdi g tinh theo md hinh gia
dong hoc bac 1 (qe = 3,99 mg/g). Piéu nay
chung to, qua trinh hip phu Pb (II) trén vét
liéu PANi —Al,O3 phu hop hon véi md hinh
dong hoc béc 2.

Qué trinh hap phy tuan theo mé hinh dong hoc
bac 2, do vay co thé x4c dinh duoc nang luong
hoat dong hoa hoc cua qua trinh hip phu theo
cong thire (5) [14]:

E. = RT [In (k) - In ko] ()
Trong d6: E,: Nang luong hoat dong hda hoc
qua trinh hap phu (kJ/mol), R: Hang sd khi
(8,314 J/mol), T: Nhiét do tuyét d6i (K);

Két qua cho thay ning lugng hoat dong hoa hoc
qua trinh hip phu Pb (II) trén compozit PANi —
Al,0; 6 30 °C bang 13,17 kJ/mol. Gia tri nay
nam trong khoang tir 5 + 25 kJ/mol, do vy quéa
trinh hip phu Pb (II) trén compozit PANi —
Al,O;1a hap phy vat Iy [14].

3.4. Anh hwéng ciia nong dp ban dau Pb
(I1) va mé hinh héip phu

Tién hanh nghién ctru qua trinh hap phu vai
ndng do ban dau cia Pb (II) tir 9,89 + 48,68
mg/L, thoi gian hip phu t = 60 phut, pH = 3.
Két qua trong bang 4 cho thay, khi nong do ban
dau ciia Pb (II) tang tir 9,89 mg/L dén 48,68
mg/L thi hiéu suit hip phu giam tir 77,46%
xudng 60,27%; dung lwong hip phu ting tir
7,66 mg/g dén 29,34 mg/g. Piéu nay ching
to, khi néng d6 ban dau cua chét bi hép phu
tang thi hiéu suit hap phu giam, dung lugng
hap phu ting. Két qua nay cing tring véi cac

két qua nghién ctru vé anh hudng cua nong do
ban dau chat bi hap phu trong nhiéu nghién
ctru [10], [13], [14].

Bang 4. Anh huong ciia néﬂg do ban dau Pb (II)
den dung lwong va hiéu suat hap phu trén PANi —

Al,O3
C, C. q H
STT (mgll)  (mglL)  (mglg) (%)
1 9,89 2,23 7,66 77,46
2 16,75 4,03 12,72 75,94
3 19,76 5,25 14,51 73,43
4 30,25 9,5 20,75 68,59
5 39,99 15,13 24,86 62,17
6 48,68 19,34 29,34 60,27

Tir két qua nghién ctru vé ndng do ban dau
ctia Pb (II), tién hanh nghién ctru mé hinh qua
trinh hap phu Pb (II) trén PANi — Al,O; theo
cic phuong trinh hép phu dang nhiét dang
tuyén tinh Langmuir (6), Freundlich (7) va
Dubinin — Radushkevich (8) [7], [14].

C 1 C

=t (6)

qe quL qm

logg. = logKr + i log C. @)
N e

Inge = In gp.g - BE> (8)

Trong d6: Qm: dung lwong hip phu cuc dai
(mg/g); K: hé s6 Langmuir (L/mg); Ke: hé sb
Freundlich (mg/g); gos: dung lugng hip phu
don 16p (mg/g); P: hing sb biéu thi ning luong
hap phu trung binh (g/J%); €: thé ning Polanyi
ctia bé mat chat hap phu (J/g%), € = RTIn(1 +
1/C,) [14].

Két qua xr Iy theo cic md hinh hdp phu cho
thiy: cac hé sb twong quan giita két qua thuc
nghiém va mo hinh R? ctia qua trinh hép phu Pb
(1) trén PANi — Al,O; déu rat cao (R? > 0,97).
Diéu nay ching to, qua trinh hip phu Pb (II)
tuan theo ca 3 md hinh hip phu ding nhiét
Langmuir, Freundlich va Dubinin - Radushkevich.
Dung lugng hap phu cyc dai tinh theo
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Langmuir cua Pb (II) trén PANi — AlLO; la
44,05 mg/g. Theo md hinh Dubinin —
Radushkevich, dung lwong hap phu don 16p cua
vat liéu kha cao (qor = 32,30 mg/g) bang
73,32% tong lugng hap phu ctia vat li¢u. Tir két
qua nay c6 thé nhan thay, qua trinh hap phu Pb
(1) trong dung dich nudc cha yéu xay ra & 16p
dau tién cua vat liéu hap phu PANi — AlLOs.
Miat khéc, tir hé sb Langmuir di x4c dinh gia tri
R, theo phuong trinh (9) nam trong khoang tir
0,002 + 0,010; gid tri he¢ s6 Freundlich K¢ =
5,188 déu la cac gia tri nam trong khoang thuén
loi cho qué trinh hap phu [14].

1
R =—— 9)
1+ K, G,
2.00 @
1.30
g;,]_o()
- y =0.594x+0.715
0.30 R*=0.9841]
0.00
0.0 0.5 1.0 1.5

log C

0.8 (b)
_ 8
-
2 0.4
ko)
o2 F =0.022Tx+ 02389
U 0.2 ¥ ]
R*=0.98%
0.0
0 5 10 13 20
C (mg/T)
4 (c)
J \\
y y =-0.0016x+3.4751
R*=0.9781
0
0 200

400 600 800 1000
Hinh 5. Cdc mé hinh hap phu Langmuir (a),
Freundlich (b) va Dubinin — Radushskevich (c)
quda trinh hap phu Pb (II) trén PANi — Al,05

Bang 5. Cdc tham sé trong mé hinh hap phu

M6 hinh Langmuir

M6 hinh Freundlich

M6 hinh Dubinin - Radushkevich

Qmax KL R? 0 Ke 2 Ob-r 2[3 , R?
(mg/g) (L/mg) (mg/g) (mg.9) @)
44,05 10,52 09896 1,68 5188 0,9841 32,30 0,0016 0,9781

4. Két luan

Pi tong hop thanh cong vat lidu compozit
PANi — AlLO; bang phwong phap hoa hoc.
Ciu trac cua vat lidu da duogc chung minh
bang phwong phap phd hong ngoai (FT-IR),
nhiéu xa tia X (XRD) va hién vi dién tir quét
(SEM). Vit lidu compozit PANi — Al,O; tén
tai & dang soi ngin, c6 duong kinh soi khoang
100 nm. Vat liéu compozit PANi — Al,O3 ¢
kha nang hip phu Pb (II) trong méi truong
nude. Qua trinh hip phu Pb (II) trén PANi —
AlLO; dat két qua tbi vu tai pH = 3, thoi gian
dat can bang hap phu la t = 60 phit, dung
luong hap phu ting khi nong d ban dau cia

Pb (II) ting. Qua trinh hip phu Pb (II) trén
compozit PANi — Al,O; phu hop vdi md
hinh dong hoc bac 2, ddy 1a qua trinh hap
phu vat 1y véi nang lugng hoat dong qua
trinh hap phu bang 13,17 kJ/mol. Sy hap
phu Pb (II) trén compozit PANi — Al,O; tuén
theo md hinh hép phu déng nhiét Langmuir,
Freundlich va Dubinin - Radushkevich. Dung
luong hap phu cuc dai cua Pb (I1) trén PANi —
Al,O; tinh theo phuong trinh Langmuir la
44,05 mg/g, trong d6 dung luong hip phu don
16p cua vat li¢u tinh theo mo6 hinh Dubinin —
Radushkevich la 32,30 mg/g.
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