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Abstract

PANi-POT/a-Fe,03 (PATF) nanocomposites were synthesized by electrochemical method on 316 stainless steel in
0.5 M sulfuric acid solution, with aniline/o-toluidine weight ratios 10/0, 9/1, 8/2, 7/3, and 6/4, nano a-Fe,O3 2 % by
total weight of monomers. The electrochemical synthesis process were studied by cyclic voltammetry technique (CV),
scan rate 50 mV/s, step 5 mV and scan range from -0.2 V to 1 V (SCE). PANi-POT/Fe,O; nanocomposites were
washed with double distilled water to pH = 7, then dried. Properties of the nanocomposite were studied using infrared
spectroscopy (IR), thermal gravity analysis (TGA), scanning electron microscopy (SEM) and transmission electron

microscopy (TEM).
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1. GIOI THIEU

Polyanilin (PANi), poly-o-toluidin (POT) va
poly(anilin-co-o-toluidin) (PAT) 1a cac polyme dan
dugc tng dung rong rii trong nhiéu linh vuc nhu:
chdng dn mon kim loai [1, 2, 3], dién tir vién théng
[4, 5], son tang hinh [6, 9], xir Iy mo6i truong [8] ...
Do céc polyme nay co do bén héa cao, kha niang dan
dién va chong dn mon kim loai tdt ...[2]. Tinh chat
co-ly-hoa cua ching phu thudc chii yéu vao phuong
phap, diéu kién ché tao, ti 16 monome, chit pha tap

.. [6, 8].

Mot sé cong trinh khoa hoc vé cac copolyme
trén co s polyanilin da duoc cong bé [2, 11] trong
do co copolyme cua anilin (ANi) véi o-toluidin (o-
Tol). Copolyme cua ANi vdi 0-Tol ciing c6 kha
ning bao vé chdng dn mon [2, 3, 6], dic biét khi tao
compozit voi Fe,03.NiO nano [6]. Nanocompozit
PANi véi TiO, va SnO, dugc nghién ciu tng dung
trong linh vyc méi truong va nang luong [7]. Ngoai
ra dong hoc va co ché cua phan tng tong hop
compozit PANI/TiO, ciing da dwoc dé cap [11].

Tuy nhién nanocompozit nén poly (anilin-co-o-
toluidin) vé&i Fe,Os; kich thudc nano chua dugc
nghién ciru va khao sat sau c6 hé thong, dic biét la
ng dung phuong phap dién hoa dé nghién cau tinh
chat chua duoc khai thac hoan thién. Bai béo nay
nghién ciru qua trinh tong cua nanocompozit nén
poly(ANllo Tol) véi Fe,O3 (PATF) kich thudc nano
bing phuong phap dién hod va khao sat mot sé

tinh chét cua vat liéu ché tao duoc.
2. THUC NGHIEM
2.1. Héa chét

Céc hoa chét chinh dugc sir dung trong nghién
ctru 1a cac hoa chét tinh khiét gdm: anilin (Merck),
o-toluidin (Merck) d6 tinh khiét > 99 %, a-Fe,Os
(China) mau do6 va kich thudc hat < 100 nm, H,SO,4
(China) dic ndng do 95-98 %, nudc cat hai lan, con
tuyét dbi (Trung Qudc).

2.2. Phwong phap chuin bi miu

Hon hop monome ANi, o-Tol ¢6 ti 1& khdi
lwong ANi/o-Tol 1an luot 1a: 10/0, 9/1, 8/2, 7/3, 6/4,
0/10 hoa tan trong dung dich H,SO, 0,5 M. Bot
Fe,O; nano c6 khdi lwong bang 2 % tong khdi luong
monome duoc cho vio dung dich tong hop, khudy
déu trong thoi gian 30 phit.

Binh dién héa 1a hé g6m 3 dién cuc: dién cuc so
sanh 1a calomen bdo hoa (SCE), dién cyc dbi (CE)
bang platin va dién cyuc lam viéc (WE) 1a thép khong
gi 316 c6 dién tich bé mat hiéu dung 1a 1 cm?. Dién
cuc lam viéc duoc téy dau, téy gi, danh bong b.';'mg
giéy nham c¢6 ¢6 nham 1000, 1200, 1500, sau d6 rira
sach bang nudc cit va sdy kho bang con.

Vit lidu nanocompozit sau khi ché tao duoc boc
tach khoi dién cyc lam viéc, ngdm, rira trong nudc
cat dén pH = 7, sdy kho & nhiét d6 70-80 °C.
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2.3. Phwong phap nghién ciru

Tinh chat va cdu trac cua vat liéu duoc xac dinh
bang cac phuong phép phan cuc vong (CV), phén
tich nhiét (TGA), pho hong ngoai (IR), hién vi dién
tor quét (SEM) va hién vi dién tur truyen qua (TEM).

3. KET QUA VA THAO LUAN
3.1. Phé CV téng hep nanocompozit PATF

Hinh 1 gici thiéu phé CV tdng hop PANi/Fe,0s,
POT/Fe,05 va PATF.

Trong hinh 1, phé CV téng hop PATF (c) bién
dang hon so PANi/Fe,0; va POT/Fe,Os. Trén pho

Tran Van An va céng su

CV cua PATF véi xuat hién 3 pic gdm 2 pic oxi hoa
va 1 pic khir. Khi sé chu ky quét tang dién thé pic
oxi hoa thir nhét (p..) dich chuyén tir khoang thé 0,2-
0,35 V dén khoang 0,4-0,6 V, pic oxi hoa tht nhat
cua PATF dich vé& chiéu duong hon so voi
nanocompozit nén PANi va nén POT. Pic oxi hoa
thir 2 (ps2) Xuét hién trong khoang 0,8-0,95 V. Pic
khtr (pc) giam dan tir 0,4 V xubng 0,2 V. Mat do
dong dién tong hop nanocompozit PATF (c) tang
cham hon so voi PANi/Fe,O; (a). Diéu nay cho thiy
sy cO mat caa monome o-Tol lam giam qué trinh
hinh thanh va phéat trién cua mang polyme. Nguyén
nhan 1a do phan tir 0-Tol c6 nhém thé metyl (-CHs)
& vi tri ortho gay nén hiéu ung khéng gian loai | (S))
lam can tré sy tiép can cuia cac trung tam phan ang.
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Hinh 1: Phé CV tong hop nanocompozit PANi/Fe,O; (a), POT/Fe,05 (b) va PANi/POT/Fe,05 (c)

3.2. Hinh thai hec cia nanocompozit
3.2.1. Hién vi dién tir quét (SEM)
Anh hién vi dién tir quét (SEM) caa compozit

PANI/POT chua 2 % nano Fe,O; vai ti 1€ monome
ANi/o-Tol khac nhau dugc gigi thiéu trong hinh 2.

S4800-NIHE 10.0kV 8.7mm x150i 54800-NIHE 10.0kV mm x10C

oo
Hinh 2: Anh SEM cua nanocompozit c6 ti Ié monome Ani/o-Tol: 10/0 (a); 9/1 (b); 8/2 (c); 7/3 (d); 6/4 (e)

Quan sat bé mat nanocompozit bang hién vi dién
tr quét (SEM) ta thay bé mat vat liéu c6 dang mang
va dam hat, kich ¢& cac hat khoang 30-100 nm. B&
mat mau PANi/Fe,0; (a) kha ddng déu, tuy nhién bé
mat PATF kha roi rac. Piéu nay c6 thé giai thich
trong qué trinh téng hop PATF tir hdn hop ANi va
o-Tol thi vat liéu thu dugc ngoai PATF con chua
PANI/Fe203 va POT/F6203

S4800-MIHE 10.0kV 8. 7mn x100k SE(M,LAC) 7/3042013
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Khi c6 Fe,0; thi khéng con ton tai dang mang
hoic két tu thanh dam ma xuat hién cac hat
compozit [1, 10], tuy nhién sé lugng cac hat it do
ham lwong Fe,0; trong miu chi chiém 2% khdi
lwong compozit. Bé mat compozit PANi/POT/Fe,0;
khong ddng déu nhu bé mit PANi/Fe,0O; c6 thé
trong qué trinh copolyme hoa cdc monome c6 mat
oxi sat (I11) hinh thanh hdn hop cac compozit.

3.2.2. Hién vi dién tir truyén qua (TEM)

Hinh 3 gigi thiéu anh TEM cua nanocompozit
PATF co ti 1€ Ani/o-Tol la 8/2.

2F7.3.009
Print Mag: 20600x @ 51 mm
3:23:35 p10-16-13
TEM Mode: Imaging

500 nm
HV=80.0kV
Direct Mag: 10000x

Hinh 3: Anh TEM cua nanocompozit PATF

Két qua chyup anh hién vién dién tir truyén qua
cho thay vat liégu PATF tong hop tir ANi, o-Tol va
Fe,0O; c6 dang mang riéng ré hoic bam trén bé mat
cac hat Fe,O3 tao nén cac hat co kich thudce Ién toi
200 nm (hinh 3).

3.3. Phén tich nhiét trong lwgng (TGA)

Quan sét gian do phan tich nhiét hinh 4 cho thay
anh huong khac nhau cua ti 16 Ani/o-Tol dén tinh
chat nhiét cua vat liéu. O nhiét d6 300 °C cac mau
vt liéu bit diu phan huy manh, dén 350 °C c4c mau
bi giam mat 50 % khéi luong, toi 450 °C co ban vat
licu bi d6t chay hét, trong d6 mau M3 va M4 c6 do
bén nhiét hon ca. C6 sy bién d6i khéi lwong khac
biét rd rét gitra cac mau compozit nén copolyme véi
mau compozit nén PANi, cac mau copolyme c6 cac
ving khdi lugng khac nhau twong ung véi khoang
nhiét do: 250-320 °C; 320-380 °C va 380-450 °C. Sy
suy giam khéi lugng theo nhiéu nac cho thay trong
quéa trinh tong hop compozit PATF tir hon hop
monome ANi, 0-Tol da hinh thanh nén hén hop
compozit nén PANi, POT, PANi/POT véi Fe,0s.

Chat ran con lai sau khi phan huy vat liéu con
trén 2%, c6 thé giai thich trong thanh phan cua vat
liéu ngoai Fe,0O3 con ¢o thé chira Fe»(SO,). Dua vao
gian d6 phan tich nhiét (hinh 4) ta thiy cac mau

Téng hop dién hoa va dac tinh...

nanocompozit PATF c6 d6 bén nhiét cao hon cua
PANi/Fe,0; tir 10 °C dén 70 °C, dac biét 1a mau M3
va M4. R& rang su 6 mit cia 0-Tol lam ting d6 bén
nhiét cia mau.
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Hinh 4: Gian d6 phan tich nhiét trong luong cua
nanocompozit nén PANi (MO0) va PAT c6 ti Ié
ANi/o-Tol twong tng: 9/1 (M1), 8/2 (M2), 7/3 (M3),
6/4 (M4)

3.4. Phd hong ngoai (IR)

Trén phd hong ngoai IR cia nanocompozit
PATF, s6 song khoang 3440 cm™ dén 3450 cm™ la
dao dong hoa tri cia nhém NH,. Khoang 3228 cm™
dén 3232 cm™ 1a dao dong hoa tri caa amin bac 1.
Trong khoang 2918 dén 2926 cm™ la tan s dao
dong hoa tri cia nhém -CH,. DBiéu nay ching to
trong qua trinh téng hop copolyme thi polyme thu
dugc déu chira nhém —CHs. Céc pic xuat hién ving
1442 cm™ dén 1638 cm™ tuong ung voi dao dong
hoa tri cua vong benzen va cac vong quinoit, tuy
nhién cac pic nay thip hon PANi tinh khiét do su tac
dong manh cua Fe,O3 [1]. Bic biét cac dinh pic dao
dong bién dang hién rd c6 s6 song ¢ 807 cm™ va 610
cm™ ching té ¢6 su anh huéng cua Fe,O; trong mau
phan tich. VVing pic 610 cm™ xuat hién rd rang dic
trung cho dao dong bién dang cua pha tinh thé Fe,O;
[1]. Trong ving phé 400-500 cm™ 1a dao dong cua
lién két Fe-O [1].
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Hinh 5: Phé IR ctua PANi/POT/Fe,0,
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4. KET LUAN

Vat liéu nanocompozit PANiI/POT/Fe,0; dugc
téng hop bang phuong phap dién hda voi sy ¢6 mat
cua cac monome ANi, o-Tol va bot Fe,O; kich thude
nano, phan tng thuc hién trong dung dich H,SO, 0,5
M vai ti 1€ ANi/o-Tol khac nhau. Monome o-Tol lam
cham qua trinh hinh thanh, phat trién mang compozit
trén dién cuc lam viéc. Vat liéu nanocompozit
PANIi/POT/Fe,05 ché tao duoc c6 bé mat khong dong
déu, & dang mang hoic hoic dam hat. Cac maiu
nanocompozit PATF c6 d6 bén nhiét cao hon cua
PANI/Fe,0; tir 10 °C dén 70 °C, dic biét 1a mau véi ti
I& Ani/o-Tol tuong ung la 7/3 va 6/4.
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