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Tom tit:

Composite polyaniline-gwong sen (PANi-gwong sen) duwgc tong hop bing phwong phap héa hoc trong méi truwong
acid clohydric v6i sw ¢6 mit ciia chit oxy héa amoni persunfate. Dic trung ciu tric vat liéu dwoc danh gia thong
qua két qua phén tich pho hong ngoai FTIR, hinh thai hoc bé mit vit li¢u dwoc phan tich qua dnh SEM, dién tich bé
mat riéng dwgc xac dinh bang phwong phap BET. Nf)ng d9 cia ion Cu?* trudc va sau hap phu duge xac dinh bang
phuong phap pho hép thu nguyen tir (AAS). Cac két qua thue nghiém cho thay pH thich hop cho sy hap phu Cu*
1a 5,0; thoi gian dat can bang hap phu 1a 90 phut. Sw hap phu dwgec mé ta kha tét theo mo hinh hap phu dang nhiét
Langmuir véi dung lwgng hip phu cue dai 1a 25,91 mg/g. Pong hoc hip phu Cu? ciia PANi-gwong sen tuin theo

phuong trinh biéu kién béc hai ciia Lagergren.

Tir khéa: composite, Cu®", hap phu, mé hinh hap phu Langmuir, polyaniline-guwong sen.

Chi s6 phén loai: 1.4
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Dat van dé

Ddng 1a kim loai dién hinh c6 mét & hau hét cac loai nudc thai
cia nganh cong nghiép hoa chat, luyén kim, dién tir va xi ma. Do
co doc tinh cao va kha ning tich luy lau dai trong co thé, giy ra
nhing tac dong hét strc nguy hiém cho strc khoé con nguoi va hé
sinh vat nén viéc xir Iy loai bo dong khoi nude va nude thi la rat
can thiét, va doi hoi phai c6 nhimg phuong phép thich hop, hiéu
qué [1]. Mot trong cac phuong phap dang duoc nhiéu nguoi quan
tam hién nay la st dung vét liéu composite téng hop tr polyaniline
v6i phy phim nong nghiép dé 1am vét liéu hip phu. Huéng nghién
ciru ndy co nhiéu uu diém 1a tan dung dugc ngudn nguyén liu ré
tién, dé kiém, phuwong phap tong hop don gian, dic biét khong phat
sinh bun thai va khong dua thém cac tac nhan doc hai khac vao méi
truong [2, 3]. Ngoai cac phu phim ndng nghiép nhw mun cua, vo
dd, vo tréu, rom, vo lac da dwgc nghién ctu [4] thi gwong sen la
mot trong cac ngudn phu pham ndng nghiép ¢6 khdi lwgng 16n &
nudc ta chua duge nghién ciru trong tong hop vét liéu composite
polyaniline hip phy. O Viét Nam, cy sen duoc trong phd bién tir
Bic vao Nam, trong d6 tap trung nhiéu 6 cac tinh Pong bang song
Ciru Long. Guong sen sau khi tach 1y hat, chi mot phan rat nho
duoc st dung lam duoc phim, phan 16n bo di nén gay lang phi
mot ngudn twong dbi 1on cenlulose. Do do viée st dung nguon phu
pham nong nghiép (guong sen) de tong hop ra vat lidu hap phu on
kim loai nang vira ¢6 ¥ nghia vé& mit khoa hoc, vira gop phan tin
dung tot nguon phu phim sin co.

Trong nghién ctru nay, chiing i trinh bay két qua tong hop
vat liéu composite polyaniline-guong sen (PANi-guong sen) bang
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phuong phap hoa hoc va nghién ctru kha ning hép phu ion Cu?*
trong nudc cua vat ligu.

Noi dung va phuong phap nghién ciu
Nguyén li¢u

Guong sen liy 6 tinh Pong Thap (sau khi tch 1iy hat) dugc
rita sach bun, dat, cat béng nudc va dugc phoi ngoai troi, s?iy kho
& 60°C trong 24 gid. Sau d6 san pham dugc nghién nho dén cd hat
khoang 100200 pm thu dugc ngudn nguyén lidu guong sen ban
dau (GS0) dé diéu ché vat liéu composite polyaniline-guong sen.

Cac h()a’ chat khég duoc st dung trong nghién ctu déu &
dang hoa chat tinh khiét (phan tich) nhu: aniline, amoni persunfat
[(NH,),S,0,], axit clohydric, acetone, methanol, natri hydroxyt...

Phwong phdp tong hop vit ligu composite PANi-gwong sen

Cho 10 ml aniline va 10 ml dung dich HCl 1 M vao cbc rdi
1am lanh trong tu lanh 30 phut. Sau do dit cdc vao trong chau thiyy
tinh dyng hdn hop d4 muoi dé 1am lanh (0-5°C) va khudy tron hon
hop trén voi 150 ml nude cat trong 30 phut. Tiép tuc cho thém
6,7 g guong sen (GSO) va mot lugng amonium persunfat (APS)
sau khi hoa tan trong 30 ml nudc cit vao ce phan tng (voi ty 1€
mol APS:aniline twong tmg 1a 1:1) va tiép tuc khudy lién tuc trong
150 phit ¢ 0-5°C. Sau d6 dé yén hdn hop trong 1 gior dé qué trinh
polymer hoa dugc xay ra hoan toan.

San phém dugc loc rua baqg nuée cat trén mdy bom hut chan
khong dén pH=7, r0i rua lai bang dung dich hon hop acetone va
methanol (ty 1¢ thé tich acetone:methanol 1a 1:1) dé loai bo hét
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Abstract:

Composites based on polyaniline (PANI) and lotus
seed pod (PANI-lotus seed pod) were synthesised by a
chemical method in a hydrochloric acid environment
with the presence of persulfate ammonium oxidant.
Material structure characteristics were evaluated
through FTIR analysis, material surface morphology
was analysed by SEM image, the specific surface area
was determined by BET method. The concentration of
Cu?" ions before and after adsorption was determined by
atomic absorption spectrometry (AAS). Experimental
results showed that the appropriate pH for adsorption of
Cu** was 5.0. Time to reach the adsorption equilibrium
of Cu?* was 90 minutes. The adsorption was well
described by the isothermal adsorption model Langmuir
with the maximum adsorption capacity of 25.91 mg/g.
PANI-lotus seed pod of adsorption kinetics Cu?* followed
pseudo-second order kinetics of Lagergren.

Keywords: adsorption, composite, Cu?",
adsorption model, polyaniline-lotus seed pod.

Classification number: 1.4

Langmuir

aniline du. Sau d6, ngdm san pham trong dung dich NH, 0,5 M
trong 2 gid. Sdy kho san pham 0 nhiét d¢ 50-60°C trong th01 gian
12 gio, sau d6 dem nghién min rdi dua vao bao quan trong binh
hat am.

Cdc phwong phap xac dinh ddc tinh ciia vat li¢u

Céu tric cta vat lidu duoc x4c dinh bang phd FTIR va nhiéu xa
tia X (XRD), thanh phén hoa hoc cta vat liéu duoc xac dinh béng
EDX, hinh thai hoc bé mit vat liéu dugc phan tich qua anh SEM,
dién tich bé mit riéng dugc xéc dinh bang BET.

Danh gia hoat tinh xiic tdac ciia vit liéu diéu che

Hiéu qua xtic tic cua vat liéu composite PANi-guong sen dugc
danh gia béi qua trinh hap phu ion Cu?* trong nude bang cach lay
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mot luong nhét dinh vat liéu composite PANi-guong sen (0,3 g)
cho vao 100 ml dung dich Cu** 50 ppm. Nong do Cu?* sau khi hap
phu dugc phan tich trén may quang pho hap thy nguyén tr (AAS).

Hiéu suét hap phy H(%) va dung lugng hap phu q,(mg/g) dugc
tinh theo cac cong thirc sau:

C C (Co — Ce)‘V
m

H(%) =—2—=<100; g, =

o

Trong do: C,, C, lan luot 13 ndng d6 ban diu va ndng do sau
khi hap phu (mg/l) V1 thé tich dung dich chét bi hap phu (lit), m
12 khdi lugng chat hap phu (g).

£ 2 ~ 2 a
Ket qua va thao luan
Danh gia mgt so dic tinh cia vt liéu

Két qua phdn tich phé hong ngoai (FTIR): phd FTIR cua
guong sen, PANi, PANi-guong sen dugc trinh bay ¢ hinh 1.
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Hinh 1. Phé FTIR clia gwong sen (A), PANi (B), composite PANi-
gwong sen (C).

Tur hinh 1 cho thdy, PANi-guong sen ton tai trong composite
voi cac dao dong cua nhom chirc N-H tai pic 3422 cm’, dao
dong cua nhdm C=N tai pic 2360 cm, dao dong ctia nhom chirc
benzoide va quinoide tai pic 1600 va 1499 cm!, dao dong cua



nhom -N=quinoide=N- tai pic 1383 va 1301 cm™, dao dong cla
nh6m C-N" tai pic 1247 va 1145 cm!. Bén canh do, trén phd hong
ngoai ciia vat liéu composite PANi-guong sen ciing ton tai cac
dao dong dac trung cho guong sen nhu dao dong ciia nhém O-H
kéo dai, nhom ndy co thé ton tai trong lién két -OH lién phan ti,
ndi phan tr cenlulose, hemicenlulose va lignin tai pic 3420 cm'
va 3422 cm!; nhom C=C vong thom tai pic 1457 va 1442 cm’';
nhém C-O tai khoang van phd 1063-1104 cm! [5-12]. Do d6 vét
liéu tong hop ton tai & dang composite polyaniline voi guong sen.

Két qua phan tich anh SEM: két qua phan tich anh SEM cua

guong sen, PANi, composite PANi-guong sen dugc trinh bay ¢
hinh 2.

(A) (B) 7 ‘ ©)
Hinh 2. Anh SEM ctia gwong sen (A), PANi (B) va composite PANi-
gwong sen (C).

Quan sat anh SEM cho thdy, guong sen (hinh 2A) sau khi
nghién min ¢6 dang th, kich thudc khong dong déu. Céu tric nay
14 do thanh phan chinh ciia gwong sen gdm lignin, cenlulose va
hemicenlulose. PANi (hinh 2B) c6 hinh dang cac 16 xdp véi kich
thude 16n. Vat licu composite PANi-guong sen (hinh 2C) sau khi
téng hop co dang so1 voi kich thuge kha dong déu ¢ chira cac 16
x0p dang 16p xép chong 1én nhau mot cach gd ghé, tao ra nhiéu
khoang trong trén bé mat hon, do d6 lam tang kha ning hap phu
cua vat liéu.

Duong ddng nhiét hap phu - khir hdp phu nitrogen: dudng
déng nhiét hap phu - khir hap phu N, ctia mau composite PANi-
guong sen dugc chi ra trong hinh 3A va phan b kich thudc 16 xop
duogc trinh bay trong hinh 3B.

Thé tich mao quin (em’/g)
-

Bac trung hip phu (cm¥/g STP)

p sudt twomg d6i (1P D§ réng mao quan (nm)

Hinh 3. Bwéng dang nhiét hdp phu - khir hdp phu (A) va dwong
phan bé kich thwéc 16 x6p (B) cua vat liéu PANi-gwong sen.

Tir két qua phan tich BET (hinh 3) cho thdy, phan b6 dudng
kinh mao quan (hinh 3B) cht yéu nam trong khoang 060 nm va
dat cuc dai ¢ 58 nm thudc dang duong loai III (theo phan loai ctia
IUPAC), duong kinh 16 xOp (mao quan) trung binh 13 21,8314 nm
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(2<d<50). Nhu vy, theo ly thuyét thi vét liéu compsite nay thudc
vét liéu ¢ cau tric 16 xop dang marco voi duong kinh mao qudn
trung binh. Dién tich bé mat riéng cua vat li¢u composite PANi-
guong sen tong hop duoc 13 50,901 (m¥/g) so vdi dién tich bé mat
riéng cta polyaniline tinh khiét (30,1 m¥/g) [13] thi ting 1én kha
nhiéu. Thé tich 16 x0p ciia vat liéu PANi-guong sen 1a 0,020513
(cm?/g) giam so voi thé tich 16 xdp cua polyaniline tinh khiét 1a
0,080 (cm¥/g) [13]. Tu sb liéu da phan tich cho thay, tuy kich thude
16 x0p glam nhung dién tich bé mat riéng van tang, boi vi dién tich
bé mat riéng cua vat liéu chinh 1a tong dién tich bé mat bén ngoai
va dién tich cac mao quan bén trong. Mat khac, vi cac phan ti
cenlulose trong guong sen c6 do xdp cao di bao phi 1én hé thong
mao qudn cta polyaniline nén hinh thanh vat liéu composite PANi-
guong sen ¢ kha ning hap phu tot.

Ddnh gid khi ning hip phu Cu? trén vit liéu composite
PANi-gwong sen
Thoi gian dat can bang hap phu - gidi hdp: két qua phén tich

st phu thude dung lugng hép phu Cu?* vao thdi gian hap phu dugce
trinh bay ¢ hinh 4.

16
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Hinh 4. Sy phu thudc cta dung lwong hap phu Cu? theo thei
gian hap phu.

Tir két qua thu duge & hinh 4 cho thdy, khi thoi gian hép phy
tang thi hi¢u sudt hap phu va dung luong hap phu tang 1én. Tuy
nhién, tir thoi diém 90 phut tr¢ vé sau dung lugng hép phu ting
khong dang ké, duong hap phu gan nhw nim ngang. Nhu vdy, qua
trinh hap phu dat cdn bang hay phan tmg két thic dugc chon ¢ thoi
diém 90 phut 14 thich hop nhat.

Anh hwong cua hrong chat hdp phu: két qua phan tich sy phu
thudc hiéu suat hap phu Cu?* vao khoi lwgng chat hap phu duoc
trinh bay ¢ hinh 5.
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Hinh 5. D4 thi biéu dién sy phu thudc gitva hiéu suat va khéi
lwong chat hap phu Cu? cta PANi-gwong sen.
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Tir hinh 5 cho thay, khi tang dan lugng composite PANi-guong
sen thi hiéu suat hép phu ion Cu?* trén vat liéu nay tang (gia tri
q, glam) Mac du mau composne PANi- -guong sen 0,1 g c6 dung
luong hap phu q,16n nhit nhung hiéu suét hip phu chi dat khoang
66,66% nén hleu qua loai bo ion Cu*" ra khoi méi trudng nude
chua cao. Vi thé, khdi luong composite PANi-guong sen 13 0,3 g
duoc chon lam diéu kién thich hop va giit ¢6 dinh cho cc khao st
tiép theo (hiéu sudt hap phu Cu** khoang 91,04%).

Anh huéng ciia pH dung dich: két qua phan tich sy phu thudc
dung lwong hap phu Cu** vao pH cua dung dich dugc trinh bay ¢
hinh 6.
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Hinh 6. Sw phu thudc cuia dung lwgng hap phu vao pH dung dich.

Tu hinh 6 cho thay, composite PANi-guong sen hip phu ion
Cu** dat dung lugng hap phu cao nhét & mbi truong pH=5. Nguyén
nhan 13 do trong dung dich, ion Cu** ton tai ¢ dang cation nén &
moi truong acid yéu (pH=5+6) kha ning tao phitc chelat cia cip
electron tu do trong nhom amin hay imin ciia composite vdi cac
cation kim loai 16n, do d6 kha ning hap phu cation kim loai ting
1én. Con & moi truong acid manh, PANi chuyén vé dang khong c6
céc electron tu do nén khong c6 khd néng tao phurc véi cation kim
loai, vi vdy ma khd nng hép phu kém [4]. Nhung néu pH qué cao
s€ xdy ra phan tng tao két tua Cu(OH),, khong danh gia ding higu
qua hap phy Cu®* trén vat lidu: Cu?* + 20H — Cu(OH),. Nhu vy,
moi truong pH=5 1a thich hop cho qué trinh hap phy ion Cu?* trén
vat li¢u composite PANi-guong sen.

Anh huong ciia nong do dung dich Cu?* ban dau: két qua phan
tich sy phu thudc dung lugng hap phu vao nong do dung dich Cu*
ban dau duoc trinh bay ¢ hinh 7.

30 50 70 90 100
C, (mg/)

Hinh 7. Sw phu thudc ciia dung lwgng hap phu vao ndng dé dung
dich Cu?.
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Két qua ¢ hinh 7 cho théy, khi tang dan nong d¢ ban dau ciia
chat bi hap phu thi hiéu suat hap phu déu giam nhung dung luong
hép phy (q,) lai tang. Nguyén nhén 1a khi nong dg ban dau clia cac
cation kim loai con thdp, tirc 13 dung dich cang loding thi sw twong
tac gita cac phan tir bi hap phu (cation kim loai) 1én céc trung
tam hdp phu trén bé mat cta vat liéu hap phu cang thap nén dung
luong hép phu thép. Hon nira, khi nf”)ng do cation kim loai tang
1én thi su twong tac gitta cac phén tu bi hép phu (cation kim loai)
1én cac trung tim hap phu trén bé mait cta vat liéu hap phu cang
cao nén dung luong hap phu ting 1a nho ciu tric xdp cua lignin
va cenlulose c6 mit trong vat liéu hép phu. Ngoai ra, khi nong do
cation kim loai tang c6 kha nang tao dang “keo cation kim loai”,
ngin can qué trinh tap hop cation kim loai [én trung tam bé mit vat
liéu hap phy, nén lam giam higu suat hap phu ctia nd. Tir céc két
qua trén, chung toi lya chon ndng d6 Cu?* 50 mg/l va giir ¢d dinh
cho cac thi nghiém tiép theo (hiéu sut >85%).

Khao sat déng nhiét hd'p phu ion Cu?'trén vit ligu composite
PANi-guwong sen

Dé khao sat kha ning hdp phu ion Cu** ciia vat liéu PANi-
guong sen theo hai mo hinh dang nhiét Langmuir va Freundlich
bing cach thay doi nong do ban dau cua Cu®* lan luot 1a 30, 50, 70,
90 va 100 mg/l. Do thi biéu dién su phu thue cua C /g, vao C, theo
phuong trinh dang nhiét Langmuir va do thi biéu dién su phu thuoc
cua log(q,) vao log(C,) theo phuong trinh dang nhiét Freundlich
cho két qua nhu trong hinh 8. Cac thong sb hip phy Cu?* trén vat
li¢u PANi-guong sen theo mé hinh Langmuir va Freundlich dugc
ligt ké ¢ bang 1.

g y=0,0386x +0,1559 " o _?
g5 ™ R =09946 » /
E 1 A 1 P y =0,3424x + 0,8829
g o B X R?=0,9241
J o / g‘ 06

o4 ¥ 04

02 v Lx

0 0

L] 10 20 W w0 [} 45 1 1,5 H
C. (mg/l) log (C.)
(&) (B)

Hinh 8. Péng nhiét hap phu ion Cu? trén vat liéu composite PANi-
gwong sen theo phwong trinh Langmuir (A) va theo phwong trinh
Freundlich (B).

Bang 1. Cac thong s6 hap phu Cu? trén vat liéu PANi-gwong sen
theo mé hinh Langmuir va Freundlich.

M6 hinh Freundlich
y=0,3424x + 0,8829
R?=0,9241; n,=2,92
K, =764

Mo hinh Langmuir
y=0,0386x + 0,1559
R’=0,9946; q_=25,91 (mg/g)
K,=0,25

Tir két thu dugc ¢ bang 1 va hinh 8 cho thay, dung lrong hip
phu Cu** cyc dai ctia composite PANi-guong sen theo mo hinh
Langmuir la q  =25,91 (mg/g), hing s0 Langmuir K =0,25 (I/
mg), hing so Freundlich K.=7,64, h¢ sb n,=2,92. Qua trmh hip
phu Cu?* thudc dang hép phu vatly vin >1. Thong sO R, tinh toan
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duoc (R, =0,074) c6 gia tri nim trong khoang tir 0 dén 1, chimg
to vat heu ‘composite PANi-guong sen la vat liéu rat thlch hop dé
str dung hdp phy ion Cu*". Phuong trinh dang nhiét Langmulr mo
ti quy ludt dang nhiét hap phy Cu?* tot hon nhiéu so véi phuong
trinh ddng nhiét Freundlich vi c6 hé sd tuong quan R? cao hon.
Két qua nay hoan toan phi hop véi cac nghién ctru vé hap phu ion
kim loai nang trong méi truong nude bang vit liéu hap phu noi
chung hay ché tao tir composite polyaniline vdi phu phim nong
nghiép noi riéng (hdu hét déu tuan theo md hinh dang nhiét hip
phu Langmuir) [4, 8-12].

Khdo sdt dopng hoc hd'p phu ion Cu** trén vit ligu composite
PANi-guwong sen

Dé khao sat yéu t6 dong hoc hép phu ion Cu** trén vét liéu
composite PANi-guong sen bing cach danh gia sy thay doi ciia
dung lwong hip phu theo sy thay ddi cua thoi gian hip phu tir 0
dén 150 phit. Tir d6 xay dyng do thi bicu dién sy phy thudc cua
In(qg, - ¢)) vao t theo phuong trinh dong hoc biéu kién bac 1 va dd
thi bidu dién su phu thudc cua gid tri #/g, vao t theo phuong trinh
dong hoc biéu kién bac 2 cho két qua nhur trong hinh 9.

y=-0,0648x + 1,7554
R*=10,9369 y=0.,0745x + 0,0601

R?=0,9908

In (g, -q,)

t’"ql
C - waswe ame S

0 15 30 45 60 90 150
t (phit)

60 90 120 150
t (phat)
(A) (B)
Hinh 9. Phwong trinh déng hoc biéu kién bac 1 (A) va bac 2 (B) clia
qua trinh hap phu Cu? trén vat liéu composite PANi-gwong sen.

Khao sat phuong trinh dong hoc hép phy ion Cu?* trén vét liéu
hép phu composite PANi-guong sen, qua tinh todn thu dugc cac
gi4 tri nhu sau: ddi voi dong hoc biéu kién bac 1 tinh dugc g,
(1t)=5,7858 (mg/g); R*=0,9369; k =0,0648 (phut"). Déi véi dong
hoc biéu kién bac 2 tinh dugc q, (tt) 13,4228 (mg/g); R=0,9908;
k,=0,0923 (g.mg" .phut"). Khi so sanh gi4 tri dung luong hép phuy
can bang tinh toan tir phuong trinh dong hoc q,(tt) voi dung lugng
hap phu can bang theo thuc nghlem (q(tn)= s ,82) nhan théy, q,
theo mo hinh dong hoc bac 2 c6 gid tri gan voi cac gid tri thuc
nghiém hon q, tinh theo m6 hinh dong hoc bac 1. Tur do khing
dinh rang quy ludt dong hoc hap phu ion Cu** trong moi truong
nude bang vét liéu hap phu ché tao tir composite PANi-gwong sen
tuan theo phuong trinh biéu kién bac 2. Do d6, ca lugng chét hap
phu va ndng do chat hap phu déu anh hudng dén qua trinh hap phu.

Két luan

Vit liéu composite polyaniline-guong sen (PANi-guong sen)
duoc didu ché bang phuong phép hoa hoc, trong d6 PANi ton tai
¢ dang trung hoa. Vit liéu co cau tric 16 xop dang marco, duong
kinh mao quan trung binh (d=21,8314 nm) va c6 dién tich bé mt
riéng 13 59,901 (m¥/g). Kha ning hip phu Cu** ciia composite phu
thudc vao pH méi trudng va dat hiéu qua tot nhat & pH=5. Thoi
gian dat can bang hip phu 1a 90 phut. Luong chit hap phu 14 0,3
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g, nong do Cu?* 1a 50 mg/l. Qua trinh hap phu Cu?* trén vat liéu
composite PANi-guong sen nghiém dung theo mé hinh Langmuir.
Quy luat dong hoc hép phu tuin theo phuong trinh dong hoc biéu
kién bac hai. Dung luong hdp phu Cu? cyc dai cua composite
PANi-guong sen dat 25,91 mg/g.

Qua nghlen cuau nhan thiy, vat liéu comp051te PANi-guong sen
c6 kha nang hip phu tot Cu®* trong nudc. Piéu niy mo ra trién
vong str dung vét liéu hip phu composite PANi-guong sen dé xt Iy
mot s kim loai ning khac trong nudc ciing nhu ¢6 kha ning tmg
dung vt li¢u nay dé xur Iy mot sb nguf”)n nudc 6 nhiém kim loai
ning trong thuyc tién.
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