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Abstract

This paper presents the synthesis route, the properties of the polynaphthylamine (PNA)/Fe;O4 nanocomposites and
their adsorption studies of arsenic (IIT) removal from water. Microstructure and morphology of the nanocomposites with
the polymer contents of 0 %, 5 % and 10 % and 15 % have been investigated by measurements: X-ray diffraction
analysis (XRD), SEM, TEM, Raman scattering spectrum. The studied results showed that the size of nanocomposite
particles was about 20 nm. The saturation magnetization of the samples had values of about 45-65 emu/g as measured
by vibrating sample magnetometer (VSM). The investigations of isothermal adsorption process and influences of pH to
arsenic adsorption capacity showed that the nanocomposite materials with appropriate polymer components have good

arsenic adsorption ability in water.
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1. MO DAU

Vit liéu nano tir tinh Fe;O4 pha tap cac kim loai
chuyén tiép dwoc quan tdm nghién ctu [1-3] do
ching c6 ung dung trong nhiéu linh vyc: luu trix
thong tin, muc in, nam cham tu mém, diéu trj ung
thu, siéu Am tir tinh,.... Cac hat nano thé hién nhiing
tinh chat dic biét khi dién tich bé mit riéng cua
chung ting 1én. Khi d6 cac tinh chét dién, tir thay dbi
dang ké do hiéu ung luong tir kich thudc hat. Dong
thoi, cac hat c6 xu hudng chuyén den cac trang thai
nang luong tu do cuc tiéu qua mot s hinh thai nhu:
chuyén pha, moc mam tir cac tim két tinh, thay d6i
ciu tric bé mit, két dam, va hap thu bé mat [4, 5].
Cac vat liéu nano oxit st Fe;O, va nanocompozit
Fe;0,4 [6, 7] dang dugc quan tdm nghién ctru vé cac
tinh chat tir, tinh chat dién va céu trac vi mo cua
chung. Hé vat liéu Fe;04 pha tap kim loai chuyen
tiép cling dugc quan tim nghién clru trong cac Ung
dung quan trong nhu: xtr li kim loai nang, khir asen
[8-10], xir i 6 nhidm thubc nhudm [11, 12] trong
nudc thai. Tuy nhién, hién nay chua c6 cong trinh
nao céng bd nao vé kha ning hap phu asen cta vat
liéu compozit polyme/Fe;0,.

Bai b4o nay trinh bay vé ché tao, nghién ciru tinh
chét tr, cAu trac vi mo cua vat lidu nanocompozit
polynaphtylamin (PNA)/Fe;O, va khdo sat su hap
phu As trong trong moéi trudng nudéc.

2. THUC NGHIEM
2.1. Nguyén li¢u ban dau

Dung dich HCI 37 %, Na,SO;, dung dich NH;
dam dac, FeCl;.6H,0, axeton 99 %, isopropanol
(CH;3),CHOH; naphtylamin C;0H;NH, 99 %,
(NH,),S,05 (APS). Dung dich As(IIl) gbc duoc pha
bang cach hoa tan As,O; trong dung dich NaOH 1 %
va dinh mirc bang nude cit vé ndng do 1g/L (1 g/L =
10° ppb, gip 10° 1an ham lugng As cho phép trong
nuée sinh hoat do B Y té Viét Nam quy dinh [13]).

2.2. Tong hop Fe;0,

Lay 0,85 mL dung dich HCI 1 M pha vao trong
100 mL nuéc cat duge dung trong cbe 250 mL. Can
20,25 g FeCl;.6H,0 roi cho vao dung dich HCI trén,
khqu cho tan hét, ta s& thu dugc dung dich 1 (ki
hi¢éu dd1). Can chinh xac 1,575 g Na,SO; pha vao 50
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mL H,0 ta thu dugc dung dich 2 (ki hi¢u dd2). Tron
2 dung dich trén vao nhau dugc dung dich 3 (ki hiéu
dd3) va khudy trong thoi gian 20 phit dén khi
chuyén sang mau vang tuoi. Nho tir tir dung dich
NH; vao dd3 cho dén khi pH = 9-10 va khudy déu
trong thoi gian 30 phut & nhiét d6 80 °C, két thiic thu
dugc dung dich mau den. Phan Gng hoéa hoc xay ra
trong qua trinh ché tao Fe;04:

2FeCl, + Na,SO, + H,0 — 2FeCl, + Na,SO, + 2HCl
FeCl, + FeCl, + 8NH, +4H,0 = Fe,0, { +8NH,CI

Sau khi rira nhiéu 1in bang nudc cit va axeton,
hat nano sat tir dugc lam kho trong chan khong trong
5 gio, ap suat dudi 1 mPa va ¢ nhiét do -40 °C. San
pham kho nay dwoc nghién nho d6 1a hat nano
F6304.

2.3. Toéng hop nanocompozit PNA/Fe;0,

Téng hop nanocompozit PNA/Fe;O; bang
phuong phap trung hop tai chd theo cac budc nhu
sau:

- Léy mot Iugng chinh xac ctia Fe;O0,4 cho vao
100 mL nuéc cat. Thém vao lan lugt 40 mL
isopropanol, khéi lwong chinh xic naphtylamin va
khudy manh trong 1 gio.

- Nho tuir tr dung dich chira mét lugng twong ting
(NH4),S,0g véi ti 1€ mol gitta monome va tac nhan
oxi hoa 1a 1:1,5. Khudy manh trong 2 gio, phan tng
toa nhiét, hdn hop c6 mau xanh den.

- Loc lay phan bét, sau do siy kho bang may
d6ng co Labconco (M§) trong 5 gio, ap suét dudi 1
mPa & nhiét d6 -40 °C.

Trong dé tai ndy, cic mau bot Fe;O4 PNA,
nanocompozit PNA/Fe;04 véi cac ti 1¢ khdi lugng 5
%, 10 %, 15 % dugc ki hiéu 1a Fe;04, My, M;, M,,
M; twong trng nhu trinh bay ¢ bang 1.

Bdﬂg 1: Cac m?lu FG3O4J MO, M], Mz, M3

Mau | FesOs g [Mo,g| M1, g [Ma, g | Ms, g
Fe;0, 20 0 20 20 20
PNA 0 3,0 1,0 2,0 | 3,0

Céu tric vi mo cta cac mau duoc khio sat bang
cic phép do: phép do nhiéu xa tia X trén may
SIEMENS D5005 Bruker (Germany) véi 6ng phat
tia X bang dong, budc song K, = 1,54056 A; chup
anh hién vi dién to truyén qua (TEM) trén may
JEOL TEM 5410 NV, anh hién vi dién tir quét
(SEM) trén may SEM- S4800-NIHE va khao sat tan
xa Raman ¢ budc song 633 nm, ning lugng chum
laze 3 mW, trén méay do Ramanlog 91 (USA). Tinh
chat tir ciia cac miu duoc do bang tir ké mau rung

Tran Minh Thi va cong sy

VSM. Dién tich bé mit riéng va kich thudc cac 18
x6p trong cac miu dugc do trén may BET TriStar
3000 V6.07 A. Viéc phan tich ndong do As trong
dung dich bang may hip thu nguyén tir (AAS)
Shimadzu 6300.

3. KET QUA VA THAO LUAN
3.1. Hinh thai, ciu tric va tir tinh caa vat liéu

Hinh 1 1a phd nhiéu xa tia X (XRD) cta cic miu
Fe;04 va mau M; co cac dinh nhifu xa trung véi
dinh ciia phd chuan. Két qua do nhidu xa tia X cho
thiy miu tao thanh 1a don pha. Viéc boc polyme
khong xuét hién dinh la ching t6 polyme khong lam
anh huéng dén cdu tric tinh thé ctia Fe;04 Kich
thuée hat D = 11,24 nm ddi véi miu Fe;04 dugc

kA

pcosd
(A =0,15406 nm; k = 0,9; 0(°) la goc ung véi

dinh nhiéu xa; : d6 ban rong cta dinh).
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Hinh 1: Pho nhiéu xa Ronghen cia Fe;O, va mau M,

Pho nhiéu xa XRD ciia mau M, khong xuét hién
dinh la so véi mau Fe;0y, vi polyme la vat li¢u vo
dinh hinh. Do do, két qua tinh kich thudc hat 11,64
nm cho mau M, theo phwong trinh Debye-Scherrer
chinh 1a kich thu6c cua phﬁn 16i Fe;04 ¢6 ciu trac
tinh thé.

H- S - 14-05.002
Print Mag: 125000x @ 51 mm

100 nm
HV=80.0kV
Direct Mag: 60000x

9:26:09 a 05/23/13
TEM Mode: Imaging

Hinh 2: Anh TEM ctia mau M;
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(b)
Hinh 3: Anh SEM cuia cac mau PNA/Fe;0:
(a) My; (b) M,

Anh TEM ciia mau M; (hinh 2) cho thay c¢6 hién
tuong tu dam cua cac hat compozit co6 kich thudc
khoang 17 nm dén 19 nm. Nhu vy, két qua do kich
thudc hat tir anh TEM 16n hon kich thuéce hat tinh tir
ph6 XRD 1a phu hop va ching té ciu tric vo - 13i
cua vat liéu nanocompozit.

Céc hat nanocompozit trong cac anh SEM (hinh
3) ciing cho thdy cac hat c6 do dong déu cao va
khong co su két khdi polyme riéng r&. Do chinh la
cac hat nanocompozit do su boc phu cta polyme bén
ngoai cac hat Fe;0y.

Phé Ramman ciia mau M; (hinh 4) cho thay cac
pic déc trung cia PNA trong h¢ PNA/Fe;0,, trong
d6 pic 1547,8 ciia mau M; c6 cuong do manh ung
v6i s6 song trong khoang 1585-1630 cm™ cua PNA.
Pay 1a tan s6 dao dong héa tri tuong ung véi
Ye—c(thom)- i 5

Thém vao d6, phd cua mau M; co pic 1497,0
tuong ng v6i khoang sb song 1480-1516 cm™ cua
PNA ¢ trang thai oxi hoa tuong tng véi tan sé dao
dong hoa tri cia nhom C=N. Nhu vay, két qua phan
tich pho tan xa Raman cho thiy, PNA di tham gia
trong tanh phan ciia compozit va & trang thai oxi hoa
véi cac nhom dao dong dic trung ciia PNA/Fe;04 1a
Ve-N+ VC-N, dc.u. .

Cac két qua trén chirng to rang polyme dugc tao
thanh bang phan {mg tring hop cac monome trén bé
mat oxit kim loai tao thanh cac hat nanocompozit.

Tong hop va kha nang iing dung...

M6 men tir duge do bang tir ké mau rung (hinh
5) cho thdy, khi dit mau vao tir truong ngoai 1on &
nhiét d6 phong, Fe;0, thé hién tinh siéu thuan tir véi
luc khang tir va do tir du khong dang ké. Két qua
nay phu hop voi cong bd ctia mot sé tac gia khac [8,
12, 14].
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Hinh 4: Phd Ramman ctia miu M,
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Hinh 5: Md men tir ciia cac mau
Hinh nho: Lyc khang tir kha nho

Hinh 5 cho thdy, khi ting ham luong polyme
trong mau thi m6 men tir bio hoa M, (ing véi mot
don vi khéi lugng) ctia compozit giam. Piéu nay
dugc giai thich khi ham lugng PNA khong co6 tir tinh
trong compozit ting 1én lam moé men tour M, cua
compozit giam di. Pay la dic diém chung cua
compozit tir tinh c6 chira polyme [6].

Khi khéng ding polyme dé boc phu cac hat
Fe;04, mO0 men tir cia Fe;O4 suy giam tor 63,13
emu/g toi 56 emu/g sau 2 thang ché tao (hinh 6). Su
suy giam nay la do vat liéu Fe;0, dé dang bi oxi hoa
trong khong khi, tao thanh y-Fe,O; theo phuong
trinh:

4FC304 + 02 + 18H20 —>6F8203 +12H20

Do m6 men tur cua y-Fe,O; nho hon m6 men tu
ciia Fe;04, nén su oxi hoa Fe*' thanh Fe’* 1am tang
ham lugng pha y-Fe,0; gdy nén mo men tir ctia mau
suy giam theo thoi gian. Trai lai, cac hat
nanocompozit PNA/Fe;O4 tuy ¢c6 mdé men tir nhd
hon Fe;04, nhung su boc phi clia polyme xung
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quanh Fe;04 6 tic dung lam 6n dinh tinh chét tir
cua vat liéu.

80

Fe,O, b
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Hinh 6: Mo men tir cua Fe;0y4
(a) do sau khi tong hop 2 thang;
(b) do ngay sau khi tong hop

3.2. Nghién ciru kha niing hip phu asen

D¢ khao sat kha nang hap phuy asen, cac vt lidu
hap phu nano Fe;0,, M, (PNA), M;, My, M; véi
khéi luong 0,01 g duoc sur dung dé khir asen trong
dung dich gbc co6 ham luong As gip khoang 20 lan
tiéu chuan cho phép (Tiéu chudn ciia Bo Y té cho
phép ndng do As tdi da trong nude sinh hoat 1a 0,01
mg/L, tuong duong 10 ppb [13]). Dung dich sau khi
hap phu dugc phan tich nong do As con lai bing
may do phd hap thu nguyén tir (AAS). Céc khao sat
anh huong cua ham lugng polymer, d6 pH, thoi gian
hap phu cin bang t6i kha ning hip phu asen dugc
tién hanh ¢ nhiét d6 phong.

3.2.1. Nghién ciru anh hwong cua pH dén kha néing
hdp phu cua vat liéu

Dung dich As goc gap khoang 10 lan tiéu chudn
cho phép (Tiéu chuan cia by y te cho phép trong
nudce sinh hoat nong d6 asen (I11) t6i da 14 0,01 mg/L
tuong duong 10 ppb) nhu sau:

- Pinh mirc bang nudc cit 2 1an voi nong do
asen 1a 0,1 mg/L, day 1a dung dich gbc chuan ding
dé nghién ctru sy hap phu trong dung dich c6 d6 pH
khéc nhau.

- Céan khoi luong 0,01 g vat ligu hép phu cho vao
100 mL dung dich asen gbc, dung may khudy dé cac
hat nano tir tinh phdn tan déu vao dung dich. Sau
mot khoang thoi gian nhét dinh ding nam cham hut
cac hat nano tir tinh xudng day coc. Dung gidy loc
dé loc léy phan nuéc & trén dem di phéan tich nong
d6 asen bang may do pho hap thu nguyén tir (AAS).

Hinh 7 thé hién noéng do asen con lai sau khi
dung 0,01g vat liéu hap phu nano Fe;04, M, (PNA)
va compozit M;, M,, M3 dé khtr asen trong cac dung
dich c6 d6 pH tir 1 dén 14. Két qua cho thiy, asen bi
hap phu manh trong diéu kién d6 pH cta dung dich

Tran Minh Thi va cong sy

tr 5 dén 7 khi dung céac vat liéu hép phu M;, M,,
Fe;0, va M. D2 thiy ring vat liéu M, hip phu asen
manh hon Fe;04; ngay ca polyme PNA 1a vét liéu
phi tir tinh cling hap phu asen. Piéu d6 chung to
PNA c¢6 vai tro anh hudng toi kha nang hap phu asen
trong dung dich. Trong mdi truong pH = 7, anh
hudng cua do pH t6i kha ning hip phu asen c6 thé
con cd nguyén nhan do PNA & trang thai oxi hda
(gbc v cny) €N no co sy dong gop cua ai lye twong
tac tinh dién gitra vat li€u, tao ra su hép phu céc
anion As (III). Khi dung dich c¢6 d6 pH cao (vi du
pH = 14, hinh 7) asen bi hdp phu trén vat lidu rat
kém. Diéu nay c6 thé giai thich 1a do khi & pH cao
pH > 10, PNA tir trang thai oxi héa chuyén sang
trang thai khir, do d6 tuong tac gilra vat liéu va cac
anion As (III) & dang H,AsO; va HAsO;>~ trong
dung dich giam di o rét (hinh 7). Trong méi truong
pH < 5 sy hip phu cua vat liéu giam di c6 thé do vat
lidu compozit bi phan hity mot phan trong méi
truong co tinh axit cao.

0.25

__ 020
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5 015
£
=
g 0.10
:g‘;
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0.00 L L
0 2 4 6 8 10 12 14 16
pH
Hinh 7: Sy phu thudc ctia nong do As con lai
vao d6 pH

Pé khao sat didu nay, mot luong 1 g cac miu
Fe;04, M; dugc cho vao 100 mL dung dich HCI co
d6 pH = 1; 2 va khudy trong thoi gian 20 phut. Sau
khi loc bo céac két tia, ham luong ion st tan trong
cac loai chat 1ong nay duogc khao sat bang bang may
hap thu nguyén tr (AAS) Shimadzu 6300. Két qua
tinh ham luong sit tan trong dung dich HCI nhu
trong bang 2.

Bang 2: Ham lugng Fe tan trong dung dich

Ham lugng Fe tan | Ham lugng Fe tan
PRI Mau Fes04) (MAu Ms)
1 0,21 ppb 0,17 ppb
0,13 ppb 0,13 ppb

Béng 2 cho thiy c6 sy phan tng giita Fe;04 voi
modi truong axit tao thanh ion sat tan trong dung
dich. Méc du ti 1¢ suy giam cua Fe;O04 va compozit
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PNA/Fe;0,4 la nho, nhung déy ciing 1a nguyén nhan
dan dén sy hip phu asen thap trong vang pH < 5.
Trong khi d6, khong thdy xuat hién sit tan trong
dung dich c6 pH = 7, ching t6 cac vat liéu nay kha
bén trong mdi truong trung tinh (bang 2).

Trong moi truong kiém, vat liéu Fe;0, va
compozit PNA/Fe;04 kha bén Vlmg, vi thé céac két
qua trén goi ra phuong phap giai hap phu trong dung
dich pH = 14 d tai st dung nhiéu lan cac vét liéu
hap phu.

Thoi gian hip phu cin bang duoc khao sat bang
phuong phap do ndng d6 asen con lai trong dung
dich asen c¢6 do pH = 7 sau mdi khoang thoi gian
khua"iy khéac nhau (sau 10, 15, 20, 25, 30, 50 phut)
ddi voi cac vat liéu hip phu FesOs, M, va
nanocompozit M, M,, M3 nhu trong hinh 8. Két qua
khao sat cho thay: sau khoang thoi gian khudy 20
phut, ndng do asen con lai & trang thai can bang.

3.2.2. Dung luvong hcfp phu cuc dai cua vt liéu

Tir cac phan tich trén, su hdp phu asen trong moi
truong pH = 7 duoc cho 1a phu hop mo hinh
Langmuir, tuong tu nhu hép phu nito ¢ nhiét 6 77
K. Bing cach sir dung mé hinh nay, dung lugng hap
phu asen q tai thoi diém can bang ¢ d6 pH = 7 cua
cac vat liéu Fe;04, My (PNA) va nanocompozit M,
M,, M; tng véi mot don vi khdi luong chét ha"ip phu
(mg/g) dugc tién hanh trén may do phd hap thu
nguyén ti (AAS).

Néng do asen con lai (mg/L)

Thei gian (phut)
Hinh 8: Xac dinh thoi gian can bang cua nong do As

Phuong trinh déng nhiét hap phu Langmuir c6
dang:

C. 1 1

—L = —C, +

q qmax b'qmax

< o A e ) ,
bat y = ——;x=C,> do thi cia phuong trinh co6
p .
1

dangy=ax+c;voi ¢,,, = —; b =

Tong hop va kha nang iing dung...

Trong dé: C¢ - ndng d6 luc can bang cua chét bi hip
phu (ndng do asen con lai, mg/L);

q - dung luong hip phu cia asen tai thoi diém
cin bang ung voi mot don vi khdi lwong chit hip
phu (mg/g);

Qmax - dung luong hép phu cuc dai (mg/g);

b - Hang sO ddc trung cho tuong tac clia chat hip
phu va chét bi hap phu.

Tir phuong trinh nay ta c6 thé xac dinh dugc
dung luong hap phu cuc dai guax.

Céc két qua thuc nghiém duoc trinh bay trén
hinh 8 dién ta su phu thudc ciia cac phuong trinh
duong thiang dang y = Cy/q = ax + b. Hé s6 a ciia cac
duong thiang dugc tinh bing phwong phap binh
phuong t6i thiéu, tir d6 tinh dugc dung luong hap
phu cuc dai qmax Ung voi cac mau hép phu Fe;04, Mg
(PNA) va compozit M;, M,, M3 dugc néu trong
bang 3.
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H0.016
H0.014
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{00103
Q
H0.008 =
4 0.006
4 0.004
40.002

| . . . . . .
000 005 010 015 020 025 030
C, (mg/l)

Hinh 9: Pudng ding nhiét
héap phu Langmuir cia cac mau

Bdng 3: Dung luong hap phu cuc dai
va mo men tir bdo hoa clia cac mau tuong ing

Vatligu | MO me:r;f"l /1;50 hod, | g mglg
Fe;0, 63,13 32,873
M, 0,00 23,447
M, 58,38 46,9704
M, 56,73 37,7358
M, 43,43 20,2675

Céc két qua thu duoc trong bang 3 cho thiy kha
ning hap phu asen ciia cac vat lidu dugc xép theo
tht M;, M,, Fe;04, My, M3, trong d0 quax cua vat
lidu Fe;04 16n hon két qua thuc nghiém trong tai
lidu [8] ¢ cung diéu kién dung dich c6 pH = 7. Két
qua phan loai vat liéu tir bang 3 ciing phi hop tét véi
cac két qua thuc nghiém trong hinh 7 tng véi d6 pH
= 7 cta dung dich.
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3.2.3. Dong luc hoc cua hcfp phu asen

Cac két qua thyc nghiém cho thdy rang ngay ca
vat liéu polyme phi tir tinh ciing hdp phu asen, diéu
d6 chung to tinh chét tir cua vat liéu khong quyét
dinh kha niang hip phu asen. Bang viéc khao sat sy
héip phu cua cac mau dai dién Fe;0, va M, ddi véi
nito & 77 K dé khao sat dién tich bé mit riéng va
tinh xp cua vat liéu. buong cong trong cac hinh
nho ctia hinh 10 va 11 thé hién cac duong hap phu
dang nhiét va g1a1 hap phu ¢ ving ap suét ti ddi cua

nito p/ p, ~1 Két qua do dién tich bé mit riéng ctia

Fe;04 va M, vao khoang 100,2 m?g (bang phuong
phap BET-Brunauer, Emmett, va Taller) [12], va
kich thudc 18 xdp trong khoang 15-20 nm tng véi
thé tich hap phu 16n nhét cua 16 duoc tinh bang
phuong phap BJH (Barrett, Joyner va Halendar).
Mit khac, sy phu hop giira cac két qua thuc nghiém
& d6 pH = 7 dung phuong trinh dang nhiét Langmuir
trong hinh 9 cho phép khang dinh rang tinh xp cia
vat liéu nano va dién tich bé mat riéng cua cac hat co
anh huong chu yéu dén kha ning hap phu cua vt
li¢u Fe;04 va cac compozit PNA/Fe;0,.
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Hinh 10: Phan b6 16 xdp theo kich thudc 16 trung
binh ctia mau F ¢304. Hinh nho: Cac duong dang
nhiét hap phu va giai hap phu
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Hinh 11: Phan b 15 xdp theo kich thudc 15 trung

binh ctia mau Fe;0,. Hinh nhé: Cac duong dang
nhiét hap phu va giai hap phu

Tran Minh Thi va cong sy

Céc két qua thyc nghiém va phan tich trén cho
thiy, chinh twong tac trao ddi nang lugng khong dan
hoi giita vat liéu xp c6 dién tich bé mit riéng véi
chét bi hép phu xay ra ¢ bé mat cac hat nano c6 anh
huong chu yéu t6i kha nang hip phu cia chung.

4. KET LUAN

Vit liéu nanocompozit PNA/Fe;0, da dugc ché
tao thanh cong vé6i cac thanh phin polyme khéc
nhau. Cic miu nano Fe;0, va PNA/Fe;0, déu co
kha nang hip phu asen(Ill) tot, nhung cac
nanocompozit M;, M, ¢6 kha nang hap phu asen tét
hon Fe;0,. Diéu kién tdi wu dé tién hanh qua trinh
hép phu asen(Ill) 1a pH =~ 7 va thoi gian hap phu la
20 phat. Pong luc hoc cua sy hép phu asen dugc
giai thich dua trén co s¢ cac qua trinh dang nhiét hap
phu Langmuir trén bé mit cic hat nano ciia cdc vat
lidu x6p. Pay 1a nguyén nhan chu yéu quyét dinh
kha ning hip phy asen. Vat liéu c6 kha ning giai
hap phu tét & pH = 14 va c6 kha ning tai sir dung
cao.

L0’1 cﬁm on: Cong trinh duoc sy hé tro dé tai trong
diem cap Truong PHSP Ha N¢i, ma so SPHN 13-
361TD.
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