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SUMMARY

SYNTHESIS AND APPLICATION OF GRAPHENE OXIDE - POLYPYRROLE
NANOCOMPOSITE FOR REMOVAL OF LEAD (II) AND CADMIUM (1II)
FROM AQUATIC MEDIA

A graphene oxide — polypyrrole (GO-PPy) nanocomposite was synthesized for the removal of Cd(Il)
and Pb(Il) ions from aqueous solutions. The nanocomposite was characterized by scanning electron
microscopy (SEM) and Fourier transform infrared (FTIR) spectroscopy. The sorption on the GO-PPy
nanocomposite was investigated under various conditions, that is, contact time, adsorbent dosage and
initial metal ions concentration. The isothermal sorption model was carried out and the results show
that the Freundlich isothermal model is more suitable than the Langmuir model for describing the
adsorption process of composite materials for the of Pb(Il) and Cd(Il) ions. Modeling of sorption
kinetics indicates that the pseudo—second—order model described the sorption better than pseudo—first—
order model. It was found that the GO-PPy composites can be used as an effective adsorbent in the
removal of Cd(Il) ) and Pb(Il) ions from water.
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1. MO PAU két tua héa hoc, thim thiu nguoc, loc mang,
O nhiém kim loai ning trong nudc mit ngay trao d6i ion, hap phu. Trong d6, hip phu la
cang gia ting do cac hoat dong san xuat cua phuong phéap thuong duge sir dung nhét do co
con nguoi nhu qua trinh khai khoang, san xuat nhidu wu diém: don gian va hiéu qua voi chi
néng nghi¢p, nudc thai chua qua xr 1y tr cac phi thap. Nhiéu vat liéu hap phu khac nhau da
khu cong nghiép va d6 thi,... Cac ion kim loai duoc st dung nhu silica gel, chitosan, zeolite,
nhu cadimi va chi gay ra nhiing rui ro nghiém mun cua, tro bay,... tuy nhién chua dat duoc
trong ddi véi sirc khoe con ngudi [1, 2]. Do do, hiéu qua mong mudn [3-6]. Vi vay, vat liéu
viéc phat trién cac phwong phap don gian dé dung xt¢ ly Cd(Il) va Pb(Il) trong nudc mdt
loai bo Cd(IT) va Pb(II) trong méi truong nude cach c6 hi€u qua, than thién hon voéi moi
¢6 ¥ nghia khoa hoc va thyc tién can thiét. truong 12 muc tiéu cta nhiéu nghién ctru trong
Mot sé phuong phap da duogc st dung va phat thoi gian gan day.

trién dé loai bo cac kim loai trong nudc nhu Graphen oxit nhan dugc nhiéu quan tim do co
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dién tich 16n va su ¢6 mat cua cac nhom chirc
nang nhu: -COOH, -C=0, va -OH. Cac nhéom
chic nay chtra nguyén tr oxy c6 mot cap
electron ty do, do d6 chiing co thé lién két hiéu
qua voi ion kim loai. Ngoai ra, do dién tich bé
mit 16n ciia GO cho phép no c6 kha ning hap
phu 16n. Hién nay, GO dang dugc st dung
dudi dang vat li€u compozit véi vat liéu khac
nhu chitosan hoac polyme [7].

Polypyrol (PPy) dugc st dung trong nhiéu linh
vuc nghién ctru khac nhau nhu ché tao cam
bién, siéu tu dién hodc dung téng hop vét liéu
xtr Iy méi truong do ching do on dinh cao
trong moéi truong nudc, it doc, gia thanh thép
va diéu ché don gian [8].

Trong nghién ciru nay, vat liu nancompozit
graphen oxit - polypyrol (GO-PPy) da duoc
tong hop dé loai bo Cd(II) va Pb(II) trong dung
dich nudc. Cac théng sd anh huéng dén qua
trinh hép phu ion kim loai nhu pH, luwong vét
lidu hap phy, thoi gian tiép xtc va nong d¢ ion
kim loai ban ddu da dwoc nghién ciru. Cac mod
hinh dong hoc va ding nhiét khac nhau duoc
sir dung dé xac dinh cac thong sé dong hoc hip
phu va cac thong sé dang nhiét dbi voi qua
trinh hdp phu Cd(II) va Pb(II).

2. THU'C NGHIEM

2.1. Héa chit

Céc hoa chat di dwoc sir dung gém: graphit
dang bot, pyrol (Py), axit sunfuric, axit
clohidric, amoni persunfat (APS, (NH4),S,0s),
cetyltrimethyl ammoni bromua (CTAB,
Ci9H4,BrN) (Merck, CHLB Duc).

Céac dung dich duoc chuén bi ban g nudc khi
ion bang thiét bi Mili-Q (Barnstead, M¥).

Phép do dién hoa duoc thyc hién trén thiét bi
dién hoa da nang Autolab general-purpose
electrochemical system (AUT302N
AUTOLAB, Eco Chemie B.V., Ha Lan). Binh
dién hoa gdm dién cuc sanh Ag/AgC1 (NaCl
3M), dién cuc phu tro platin, dién cyc lam viéc
la dién cuc glassy cacbon c6 duong kinh 2mm
(6.1204.110 GC, Metrohm-Thuy SY).

Phuong phép phan tich dién hoa von-ampe hoa
tan andt xung vi phan (DPASV) duoc st dung
dé xac dinh ion kim loai Cd(II) va Pb(Il) cac
mau thi nghiém. Mau phan tich dugc xac dinh

97

trong dung dich dém axetat 0,1M (pH 4,5) gébm
CH;3;COOH va CH3;COONa. Dung dich ion kim
loai duge chudn bi tir cac dung dich géc 1000
mg/l.

2.2. Chuin bi vit liéu GO-PPy compozit
Graphen oxit (GO) dwoc tong hop tir bot
graphit st dung phuong phap Hummer [9]nhu
sau: bot graphit (1g), natri nitrat (NaNOs, 0,5g)
va axit sunfuric dac (H2SO4 98%, 23 ml) dugc
cho vao binh 500ml va khudy trong 5 phut &
5°C. Thém déan dén khi du 3 g KMnO, vao
binh. Phan tmg dugc duy tri tai 5 °C trong 2
gio. Tiép theo ting nhiét d6 dén 35°C va duy
tri trong 30 phat. Thém 46 ml nudc khir ion
vao binh phan tng, sau d6 gia nhiét dén 98°C
va khudy tiép trong 30 phut. Cudi cing, ding
140ml nudc khi ion va 10ml dung dich H,O»
10% dé két thuc phan tng. Mau cua dung dich
chuyén tir den sang vang. San phdm GO duoc
loc rira bang dung dich HCI 5% va nudc khir
jon dén trung tinh, sau d6 sdy kho & 60°C trong
12 gio.

Pyrol (0,1004 g) dugc phan tan trong 50 ml
dung dich CTAB (3,48 mM). GO (0,05 g)
duoc phan tan vao 50ml nudc khi ion. Hai
dung dich duoc lam lanh & 0 — 5°C trong 5
phut trudc khi dugce tron vao nhau va lac déu.
Thém dan dung dich oxi hoa APS (1,71 g) vao
hén hop, rdi 1am lanh & 0-5°C trong 24 gio.
Sau phan tmg, loc két tua thu dugc va rira bang
nuéc khur ion, séiy kho thu duoc vat liéu
compozit GO-PPy.

2.3. Khio sat diéu ki¢n hap phu

Qua trinh hap phu Cd(II) va Pb(II) trén hé vt
liéu GO-PPy duoc tién hanh & nhiét do phong
gdbm: pH cua dung dich hap phu tir 2-6, thoi
gian hap phu tir 10 dén 150 phut, luong vat liéu
hap phu 10 — 40 mg va nong d¢ ion kim loai tir
30 — 150 mg/l. Hai m6 hinh hap phu dang nhiét
Langmuir va Freundlich dugc ding dé danh
gia qua trinh hap phu Cd(II) va Pb(II) st dung
vat liéu compozit GO-PPy. M6 hinh ddng hoc
h'flp phu bac 1 va bac 2 dugc st dung dé khao
sat dong hoc hap phu ciia Cd(IT) and Pb(II) 1én
vat liéu GO-PPy.

Hiéu suét hip phu (%H) cua vat liéu dugc xac
dinh nhu sau:



(Cﬂ - Ca)
Co
Dung luong hip phu (¢.) 1a mot dai lugng biéu
thi khéi luong chat bi hap phu trén mét don vi

%H = x100

khdi Iuwong cua vat ligu hép phu tai trang thai
can béng & nhiét do va n?)ng d0 xac dinh, duoc
tinh toan theo biéu thirc:

(Cp—Cal¥
e =——— (mg/g)

m
Trong d6: C, va C. (mg/l) 12 ndng d6 ion kim
loai tai thoi diém ban ddu va thoi diém can
bang; V (1) 1a thé tich dung dich ion kim loai;
m (g) khéi lwong vét lidu hap phu ran.
3. KET QUA VA THAO LUAN
3.1. Pac trung cia vat liéu
Anh hién vi dién tor quét (SEM) clia cac vat
liéu GO va compozit GO-PPy duoc trinh bay
trong hinh 1 cho thay vét liéu GO (hinh 1a) c6
cAu tric mong va md do GO c6 d6 dan rat
thap. GO tong hop sit dung phuong phéap
Hummer c6 cdu trac nano rd nét va c¢6 kha
nang phan tan rat tot trong méi truong nudc.

$4800-NIHE 10,0k 8.2mm x20.0k SE(M,LAO) 12126/2017" '
Hinh 1. Anh SEM ciia mét 6 vit liéu (a) GO, (b) GO — PPy compozit

Pho hong ngoai FTIR dugc ding dé giai thich
cAu tric cia vat liéu. Phd hé)ng ngoai cua GO
(hinh 2a) cho thiy cac dao dong ciia cac nhom
chirc chira oxy trén bén mat GO gf)m VCOOH, VC-
on (3445cm™), ve—c (1635cm™), ve-o (1095cm
1. Cac nhoém chirc nay gitp GO dé dang phéan
tan trong nudc do co tinh phan cuc cao. Dya
vao phd hdng ngoai, co thé thay GO da duoc
tong hop thanh cong theo phuong phéap
Hummer. Pho hong ngoai ctia PPy cho thay su

'2.00um
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Anh SEM ciia compozit GO-PPy (hinh 1b) cho
thdy GO-PPy c6 ciu trac bé miat 16n va co 15
x6p 16n. Diéu d6 gitip cho bé mat hip phu s&
tang 1én dang ké, do qua trinh hp phu co thé
Xay ra trén bé mit ngoai va cac 15 xbp bén
trong vat liéu. Tir anh SEM ciing c6 thé hinh
dung dugc viéc hinh thanh PPy nhanh va ngay
trén bé mat cia GO, tao nén cac soi GO-PPy
ngin. PPy tong hop trong mdi truong nude khi
khong c6 mat cht hoat dong bé mat thuong co
cau tric khéi dang stp lo, do do bé mat hoat
dong thudong nho, dung lwong hip phu khéng
cao. Tuy nhién, trong nghién ctru nay, voi viéc
st dung chit hoat dong bé mit 1a CTAB voi
nong do bang 4 lan CMC, PPy hinh thanh c6
dang soi cAu trac nano.

ton tai cia cac nhdm Vi, Ve-c, Verz, VEN VA Ve,
1 thé hién qua nhimg dao dong dic trung twong
ung 1a 3442 cm™ va 1043 cm, 1550 cm™,
1473 cm, 1303 cm™ va 1190 cm™.
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Céc pic xuét hién ¢ 3442 cm™ (vwu, von), 1634
cm™! (ve=c), 1557 cm’! (vec), 1460 cm™ (ven),
1173cm™ (ven), 1043 cm! (van), d3 duge tim
thy trén pho FTIR (hinh 2c) cta vat liéu GO-
PPy compozit. Két qui cho thdy vat li¢u
compozit GO-PPy di dugc tong hop thanh
cong.
3.2. Nghién ciru qua trinh hip phu
3.2.1. Anh huwéng ciia pH
Céc ion kim loai trong dung dich c6 thé ton tai
6 cac dang khac nhau phu thudc vao pH cuia
dung dich:

Me?" <> Me(OH)" <> Me(OH)2 < ...
Do d6, pH 1a mét trong nhimg yéu t& quan
trong can dugc khao sat. Ngoai anh huong dén
céc dang ton tai ciia cadimi va chi trong dung
dich pH con anh huong dén trang théi ion cua
cac nhom chitc ¢6 trén bé mat vat liéu héip phu.
Qua trinh héip phu dugc khao sat tai cac pH 2,
4 va 6. Hinh 3(a) thé hién anh huong cua pH
dén hiéu suét héip phu. Nhu c6 thé théy, hiéu
sudt hip phu Cd(II) va Pb(II) cia vat liéu bién
tinh cao nhét tai pH 2. Khi pH dung dich ting
tir 2 dén 6 thi gid tri nay c6 xu huéng giam.
Piéu nay c6 thé 1a do khi gia tri pH thap ¢6 loi cho
viéc ion hoa cua cac nhom chirc chira oxi trén bé

99

mit vat liéu. Do bé mit GO — PPy 4m dién nén su
tuong tac tinh dién gitta cac ion kim loai va GO -
PPy tré nén manh hon. Khi gia tri pH tang, cac
hydroxit kim loai c¢6 thé hinh thanh két tiia hay
nhém anion s& chiém uu thé.

3.2.2. Thoi gian hép phu

Hinh 3(b) cho thay anh hudng cia thdi gian
hap phu dén hiéu qua hap phu ¢ diéu kién:
luong vat liéu hap phu 20mg, pH2, mdng do
jon kim loai ban dau 50mg/l. Nhu c6 thé thiy,
lwong Cd(IT) va Pb(II) dugc hap phu ting khi
tang thoi gian hip phu ctia qua trinh hp phu.
Sau do, cac vi tri hoat dong trén bé mit cua vat
lidu compozit da bi cac ion kim loai chiém giit,
qua trinh héip phu dién ra cham va dat trang
thai can bang sau khoang thoi gian 120 phut.
Nhu vay, thoi gian can thiét dé qua trinh hap
phu dat trang thai can bang 1 120 phut.

Luong vat liéu hap phu 1a mét trong cac yéu tb
anh huong t6i qua trinh hip phy, quyét dinh
hiéu qua xir Iy va c6 thé duogc sir dung dé xac
dinh chi phi vat liéu hip phu trén mét don vi
thé tich dung dich can xur 1y. Nghién ctu dic
diém cia qua trinh hap phu can khao sat khéi
luogng vat liéu hip phu can thiét dé téi wu hoa
hiéu qua hap phu. Két qua thi nghiém cho thay,
khi ting luwong vat lidu hip phu dén 20 mg,
ndng do Cd(IT) va Pb(II) trong dung dich c6 xu
huéng giam nhanh, hiéu qua hip phu ting.
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Hinh 3. Yéu t6 anh hwéng dén qud trinh hap
phu cua ion kim logi trén vat lieu compozit: (a)
pH, (b) thoi gian hdp phu, (c) lwong vt liéu
hdp phu va (d) nong do ban dau cia ion kim
loai.

3.2.2. Lugng vit liéu hép phu

biéu nay la do cac vi tri lién két trén bé mat
vat liéu hap phu tang 1én khi lwong vat liéu hap
phu tang. Tiép tuc ting luong vat lidu hdp phu
1én 40 mg, hiéu qua hip phu khéng ting 1én va
¢6 xu hudéng dat can bang. Luong vat liéu hip
phu tdi uu duoc chon cho cac thi nghiém héip
phu tiép theo 12 20 mg.

3.2.3. Nong dp ion kim loai ban diu

Két qua thé hién trong hinh 3(d) khi ndng do
Cd(IT) va Pb(II) ban dau ting, dung lugng hip
phu ting. O ndng d6 Cd(II) va Pb(Il) ban dau
thdp, cac trung tim hip phu trén bé mat vt
liéu van chua dwoc lap diy boi cac ion kim
loai, nén kha nang hap phu ting. Khi ting nong
d6 Cd(II) va Pb(Il) thi cac trung tim hip phu
da dugc phu kin bdi cac Cd(Il) va Pb(Il) thi
kha nang hap phu giam. Bé mit vat lidu hap
phu tré nén bao hoa bai ion kim loai.

3.3. Pudng hip phu ding nhiét

Xac dinh cac duong hip phu diang nhiét 1a yéu

clu co ban khi nghién curu bét ky hé vat liéu
hap phu nao. Cic mé hinh phd bién nhét 1a
Langmuir va Freundlich.

Puong hap phu ding nhiét Langmuir 1a mo
hinh thyc nghiém véi gia dinh qua trinh hap
phu don 16p, bé mat vat liéu hép phu déng
nhat, [10]:

C 1 C

g g

Te Kf_-qﬂ Im
Trong d6: qm - dung lwong hip phu cuc dai cua
vat liéu hdp phu tinh theo 1y thuyét (mg.g™),

Ki-hing s can bang hap phu Langmuir
(L.mg™"). M6 hinh hip phu ding nhiét
Freundlich dua trén gia thiét sy hip phu da 16p,
bé mat vat lidu héip phu khong déng nhét véi
céc tam hap phu khac nhau vé sb luong va kha
ning hap phu. Phuong trinh hip phu ding
nhiét Freundlich nhu sau:
Ing, = InKg +i InC,

Trong d6 : K¢ — Hang s6 hap phu Freundlich,
[(mg.g")(L.mg")"], 1/n — Hé sé dic trung
cho tuong tac hip phu cia hé. Cac thong sb
duong hip phu dang nhiét thu duoc tinh toan
theo m6 hinh Langmuir va Freundlich duoc
tong hop trong bang 1. Két qua cho thiy duong
dang nhiét hap phu Freundlich phu hop dé mé
ta qua trinh hip phu hon so v6i md hinh
Langmuir. Nhu vdy, qué trinh hap phu chu yéu
1a qua trinh hap phu da 16p va bé mat hap phu
¢6 thé bao gdm ca GO va PPy.

Bdng 1. Cdc théng s6 mé hinh dang nhiét va hé

s twong quan

Mo hinh Langmuir
(qm I<L R2
(mgg™) (Lmg™)
Cddr) - - 0,029
Pb(I) 172,413 0,397 0,998
M©6 hinh Freundlich
Kr
(mgg™) n R’
(ngfl)(l/n)
Cddr) 31,960 0,985 0,995
Pb(I) 84,977 0,167 0,990
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3.4. Pong hoc hip phu

DPong hoc cic qua trinh hap phuy ion kim loai
duoc st dung dé xac dinh kiéu qua trinh chi
phdi co ché hap phu. Co ché ciia qué trinh hap
phu phu thudc vao cac dac tinh vat ly va hoa
hoc cua vat liéu héip phu cling nhu qua trinh
chuyén khéi tir chat bi hap phu vao vat liéu hip
phu. Do d6, sy phan biét co ché h'f\p phu
thudng lién quan dén viéc sir dung cic mo hinh
dong hoc dé xéc dinh co ché chi phéi qua trinh
hap phu ion kim loai dya trén hinh dang va su
phu hop vadi cac mo hinh dong hoc co cac gia
thiét co ban trong thiét ké, c6 thé duoc ngoai
suy cho hé. Thong tin tir mo6 hinh dong hoc cod
thé duoc sir dung dé giai thich cac loai co ché
van chuyén va do d6 c6 thé tién hanh mo ta
qua trinh hip phu.

Nghién ciru dong hoc qua trinh hap phu ion
kim loai co thé cung cdp thong tin chi tiét vé
toc do va co ché hip phu. Cac phuong trinh
dong hoc thuong duogc st dung dé mé ta dong
hoc qua trinh hap phu la phuong trinh dong
hoc hap phu bac mét va phuong trinh dong hoc
hép phu béc hai.

Phuong trinh dong hoc bac 1 dugc xay dung
dua trén gia thiét: téc d6 hap phu lién quan dén
s6 luong céc vi tri chua hap phu va chi sir dung
d6i v6i giai doan dau xay ra nhanh chong.
Phuong trinh dong hoc héip phu bac 1 duogc
biéu dién dudi dang sau:

log(q, —q.) = logq, — t

2,303
Trong d6: ki (phit™) 12 hang s toc 6 hap phu
bac 1, q (mg/g) 1a dung lugng héap phu tai thoi
diém t.
Phuong trinh ddng hoc hép phu bac hai dugc
gia dinh dbi véi qua trinh hap phu hoa hoc lién
quan dén cac twong tac héa hoc théng qua viée
cho hodc trao ddi dién tir. M6 hinh nay thudng
duoc su dung dé du doan dong hoc cia qua
trinh hap phu hoa hoc véi bude kiém soat tde
do.
Phuong trinh ddng hoc h'flp phu bac hai dugc
biéu dién nhu sau:
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1 1 t

q. k97 4.

Trong d6: k» (g.mg™. phit™") 1a hang sb toc do
hap phu bac 2.

Qué trinh hap phu dwoc tién hanh ¢ pH=2,
khéi luong vat liéu hip phu la 20 mg, nong do
ion kim loai ban dau 1a 50 mg/l khi thay doi
thoi gian thoi gian hap phu dé xac dinh dong
hoc hap phu.

Céc thong s6 dong hoc hap phu thu dugc tinh
toan theo cac mo hinh dwgc tong hop trong
bang 2.

Bdng 2. Cdc tham s6 hdp phu ion kim logi theo
phwong trinh dong hoc bdc 1 va bac 2

Dong hoc bac 1 | Dong hoc bac 2
Cd(1I) | Pb(Il) | Cd(IT) | Pb(II)
K 0,03132{0,04790 |0,00044 1 0,00153
Qe (tinh toan) (mg/g) | 72,577 | 48,899 [133,333 | 119,048
R? 0,918 | 0,886 | 0,992 | 0,997

Tu két qua nghién ciru c¢6 thé thay, phuong
trinh dong hoc bac 2 ¢6 hé sé hoi quy (R2
>0,99) cao hon mo hinh dong hoc bac 1. Dung
luong hip phu g tinh toan tir phuong trinh 1an
lwot 1a 133,3 mg/g d6i voi CA(II) va 119,1
mg/g d6i v6i Pb(II) chénh léch khong dang ké
so v6i két qua thuc nghiém. Nhu vay phuong
trinh dong hoc hip phu bac 2 phu hop khi mo
ta qua trinh hap phu ion Cd(II) va Pb(Il) cua
vat lieu GO-PPy. Do d6, qua trinh hip phu
Cd(IT) va Pb(IT) boi vat liéu compozit ché tao
chu yéu 1a qua trinh hdp phu hoa hoc lién quan
dén viéc tao phtc gitta cac ion kim loai véi cac
nhom chtre trén bé mat vat liu.

4. KET LUAN

Két qua anh hién vi dién tir quét va phd hong
ngoai bién d6i Fourier da chimg minh rang vat
liéu compozit GO-PPy da duoc tong hop co
cAu triic nano va qua trinh hap phu Cd(Il) va
Pb(Il) st dung vat liéu compozit theo mo hinh
hap phu ddng nhiét Freundlich. Pong hoc quéa
trinh hap phu ciia cac ion kim loai tudn theo
mo hinh dong hoc bac 2, tirc 1a téc do hap phu
cta vat liéu tai thoi diém t phu thudc vao binh
phuong dung luong da hép phu cua vat liéu




hap phu. Vat liéu hap phu c6 thé tai sir dung
sau 5 1an hap phu/giai hap ma van dat hiéu suit
trén 80%. Nghién clru nay cho thay tiém ning
ap dung vat liéu compozit GO-PPy trong qua
trinh xir Iy 6 nhiém kim loai ning trong nudc.
Loi cam on: Bai bao nay dugc hoan thanh véi
su tai tro cia dé tai doc lap cép nha nudc, ma
s6 PTDL.CN.46-16

TAI LIEU THAM KHAO

1. H.Babich, M.A. Devanas, and G. Stotzky,
Environmetal research, 1984: p. 253-286.

2. Lewis, J.A. and S.M. Cohen,. Inorganic
Chemistry Communication, 2004: p. 6534-
6536.

3. Lakherwal, D., International Journal of
Environmental Research and Development,
2014. Vol. 4: p. pp. 41-48.

4. Sagit D.S., Sagrar Wakale,.
International Journal of Chemical and Physical

Varma,

Sciences, 2013. Vol. 2.

5. Wan Ngah, W.S. and M.A. Hanafiah,
Bioresour Technol, 2008. 99(10): p. 3935-48.
6. H. N. M. Ekramul Mahmud, S.H.a.R.B.Y.,
International Journal of Technical Research
and Applications, 2014.

7. Sheet, 1., A. Kabbani, and H. Holail,
Energy Procedia, 2014. 50: p. 130-138.

8. Hosseini, S., et al, Materials Letters, 2015.
149: p. 77-80.

9. Hummers, W.S. and R. E.Offeman, Journal
of the American Chemical Society, 1958.
80(6).

10.Zare, E.N., M.M. Lakouraj, and A.
Ramezani, Advances in Polymer Technology,
2015. 34 (3): p21501 (11 pages).

NGHIEN CUU HAP PHU ASEN (I11), AMONI TU DUNG DICH .....(tiép theo tr. 140)

7. Luu Minh Pai, Duong Thi Lim (2012).
Tong hop oxit hon hop cdu triic nano CeOx-
Mn0; /Bentonit va danh gid khd ndng hdp
phu amoni, asen, sat, mangan. Tap chi Hoa
hoc, 50(5B), Tr. 56 - 58.

8. Pao Ngoc Nhiém, Poan Trung Diing,
Nguyén Puc Vin, Pham Ngoc Chirc, Nguyén
Thi Ha Chi (2016). Nghién cuu danh huong
nhiét o, ti 1é mol Ce/Fe dén su hinh thanh pha
oxit hon hop CeO; — Fe;0;. Tap chi hoa hoc,
54 (3), Tr. 265 - 268.

9. Luu Minh Pai, Nguyén Gia Hung, V&
Quang Mai, Pao Ngoc Nhiém (2004). Tong
hop CeO; cdu triic nano bang quy trinh tw dot
chdy gel PVA — xeri (IV) nitrat ¢ nhiét dé thap.
Tap chi Hoa hoc, 42(4), Tr. 444 - 448.

102

10. Luu Minh Dai, Pao Ngoc Nhiém, Nguyén
Vian Pha, Duong Thi Lim (2011). Tong hop
oxit hén hop CeO01-ALOs cdu tric nano bing
phirong phdp dot chay gel, Tap chi Héa hoc,
49 (4), Tr. 405 - 408.

11. Liu Xeusong, Lu Jiging, Qian Kun, Huang
Weixin, Luo Mengfei (2009). A comparayive
study of formaldehyde and carbon monoxide
complete oxidation on MnOx-CeQO: catalysts.
Journal of Rare earths, 27(3). pp. 418 - 424.

12. Wenjuan Shan, Na Ma, Jiali Yang,
Xiaowei Dong, Chang Liu, Lingling Wei
(2010). Catalytic oxidation of soot particulates
over MnO-CeQO; oxides prepared by
complexation-combustion method. Journal of
Natural Gas Chemical, 19. pp.86 - 90.



	tong hop bai so 1 + ml
	File tong hop da ghep file chuan (so 1, tap 24)
	sau phan tieng viet, so 1
	sau phan tieng viet, so 2
	sau phan tieng viet, so 3
	phan tieng nah
	Muc luc so 1, tap 24

	212_curves


 
 
    
   HistoryItem_V1
   StepAndRepeat
        
     Trim unused space from sheets: yes
     Allow pages to be scaled: no
     Margins: left 11.34, top 11.34, right 11.34, bottom 11.34 points
     Horizontal spacing (points): 11.3386 
     Vertical spacing (points): 11.3386 
     Crop style 1, width 0.57, length 5.67, distance 5.67 (points)
     Add frames around each page: no
     Sheet size: 45.000 x 45.000 inches / 1143.0 x 1143.0 mm
     Sheet orientation: best fit
     Layout: rows 1 down, columns 1 across
     Align: centre
      

        
     11.3386
     5.6693
     5.6693
     1
     Corners
     0.5669
     ToFit
     0
     0
     1
     1
     0.7000
     0
     11.3386 
     1
     11.3386
     0
            
       D:20190130154516
       3240.0000
       Acrobat 3.0 Maximum
       Blank
       3240.0000
          

     Best
     721
     272
     11.3386
     C
     0
            
       CurrentAVDoc
          

     11.3386
     1
     2
     1
     0
     11.3386 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     Action: Make all pages the same size
     Scale: No scaling (crop or pad)
     Rotate: Never
     Size: 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     0
            
       D:20190130154514
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     747
     269
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         163
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

        
     0
     214
     213
     214
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     Action: Make all pages the same size
     Scale: No scaling (crop or pad)
     Rotate: Never
     Size: 7.480 x 10.630 inches / 190.0 x 270.0 mm
      

        
     0
            
       D:20190221090746
       765.3543
       Blank
       538.5827
          

     Tall
     1
     0
     747
     269
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     None
     None
            
                
         2
         AllDoc
         163
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0f
     Quite Imposing Plus 3
     1
      

        
     0
     214
     213
     214
      

   1
  

 HistoryList_V1
 qi2base





