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SUMMARY

SYNTHESIS, CHARACTERIZATION OF SILICA NANOMATERIALS FROM RICE
HUSK AND CeO,@SiO, COMPOSITE

APPLICATION OF ADSORPTION OF NH,", NO3 IONS IN WATER ENVIRONMENT

In this article, SiO, material was synthesized by sol-gel method in acidic environment and CeO, material
coated with SiO, (CeO,@SiO,) was synthesized in alkaline environment. The structure of the powder was
characterized by scanning electron microscopy (SEM), energy dispersive X-ray (EDX) was used to
characterize the samples. The size of SiO, and CeO,@SiO, materials were uniform, small and the particles
were distributed from 10 to 30 nm. The study showed that the adsorption capacity of NH," ions was
consistent with the Langmuir adsorption isotherm model, the adsorption capacity of NOs™ was consistent
with the Freundlich isotherm model. The research results showed that nano silica material made from rice
husks has the ability to adsorb NH," and NO3™ ions in aqueous environment. It is intended to be used in
fertilizer products, supporting the immediate need for nitrogen for plants..
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1. PAT VAN PE

Cong nghé nano la mot trong nhitng céng loc cao. Xu ly nudc thai va lam sach
nghé tién tién vai nhiéu tiém ning trong khong khi 1a nhiing tng dung dac biét
cac linh vuc va cling dé lai nhirng thanh quan trong va cap thiét ma coéng nghé
tyu 4n tuong trong y hoc, dién tir, ning nano mang lai. Ngoai ra trong nong
lugng mat troi, quang hoc, néng nghiép nghiép, cong ngh¢é nano ciing gitr vai tro
va xir ly moéi treong. Trong xir ly moi vb clng quan trong vi thé ching tdi da
truong, cdng nghé nano co6 kha nang xu ly nghién ctu, tong hop cac vat liéu nano co
véi hiéu suét cao do vat liéu nano ton tai & kha niang hip phu céc nguyén té dinh
nhiéu hinh thai da mao quan, dic tinh ly dudng cho cay trong va huéng téi viéc

hoa vai chirc nang linh hoat va tinh chon
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giai hap phu véi mong muén c6 thé ng
dung trong cac san pham néng nghiép.

Silicon 1a mét trong nhitng nguyén té
dugc cac nha khoa hoc quan tdm nghién
ctru ding 1am chat dinh dudng va phong
bénh cho cay trong. Ngay nay, khoa hoc
thuc vat hién dai phan loai silicon la vi
chét dinh dudng [1-2] cho cay trong dugc
xem la “chit dinh dudng c6 loi cho cay
trong nhung khong can thiét”. Nghia la
khong nhat thiét str dung no cho cay trong
nhu N, P, K, nhung viéc ap dung silicon
c6 thé mang lai nhiéu loi ich cho cay
trong [3]. Dic biét 1a ddi voi cac loai cay
c6 ham lugng silicon trong cay cao nhu:
lta, ngd, mia...

Ngoai silicon, cc nguyén té dét hiém nhu
Ce (cerium) ciing dong vai trdo quan trong
ddi voi qua trinh sinh truéng va phét trién
cua thuc vat. Trong sb nhitng dong phan bon
thé hé méi duoc biét dén c6 hiéu luc cao doi
VGi cay trong ma gan day dang duoc quan
tAm va trién khai tng dung thi nano dt hiém
ciing 12 mot tng vién tiém ning.

Trong nghién cttu nay, ching toi thu duoc
mot sé két qua tir viéc ché tao nano silica
va Ce0, boc SiO; tir vo trdu va bude dau
tng dung kha niang hap phu ion NH;" va
NOj3 trong moi trudng nudc.

2. PHUONG PHAP NGHIEN CUU
2.1. Téng hop va xac dinh ciu tric

Qua trinh tdng hop vat liéu sir dung cac
ho& chat c6 xuit xa Trung Québc voi do
tinh khiét 99,9%. Gom cac héa chat: dung
dich H,SO, 98%, dung dich HCI 36%,
NaOH, Ce(NO3)s.6H,0, NH,CI, KNOs,
dung dlCh H,0, 30%.
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2.1.1. Cdc buéc tong hop vt liéu SiO,
bang phwong phdp sol-gel trong moi
truong acid [4]

Budc 1: Lam sach nguyén liéu tho: Tru
kh6 duoc rira sach va duoc siy khd &
nhiét do 105°C trong vong 3h tao mau
sach cho qué trinh ké tiép.

Budc 2: MAu trdu duoc ddt & 800°C va 1
gio trong 10 nung [4].

Budc 3: Cho 10g bot min den d6 khuay
déu trong 60 ml HCI 2N trong 2,5h &
80°C. Sau d6 loc bo acid dé thu vé tro den
am, rira nhiéu 1an véi nudce cat dén khi pH
=17.

Budc 4: Cho toan bo luong tro d6 vao say
& nhiét 6 100°C trong 5h dé dam bao tro
da kho hoan toan.

Budc 5: Sau khi thu dugc bot tro kho, sé
dem nung trong 10 Nabertherm & nhiét do
700°C trong 5h voi téc do gia nhiét
khoang 10°C/phat. Tao dwoc mAu bot
mau tring sau khi nung.

Budc 6: Tao sol-gel silica: 3g bot khudy
tir déu trong 40ml NaOH 2,5N & nhiét do
90 °C trong 2h.

Budc 7: Loc bo can thu dugc dung dich
trong suét.

Budc 8: Nho tur tr acid sulfuric 1M vao
dung dich dén khi pH = 7 thi dung dich
bat dau két tu gel va dén pH dudi 5 thi
dung lai. Khi d6 dung dich da tao gel
hoan toan.

Budc 9: Loc lay gel va thu duoc hat nano.

Budc 10: Sau d6 dem luong gel siy kho ¢
100 °C trong vong Sh thu dugc cac hat
nano két tu voi nhau, tan nho trong cbi ma
ndo thu dugc c&c mau hat nano silica.



Céc phan tng hoa hoc trong qua trinh nay
duoc thé hién trong cac phuong trinh sau:

Si0, + NaOH — Na,SiO5 + H,0

Na,SiOs + H,S0,
— SlOZ + Na2504 + Hzo

2.1.2. Cdc bude tong hop vit liéu CeO; [5]
Budge 1: Hoa tan Ce(NOs)s vao nudc cit
va khudy trong vong 1h.

CE(NOg)g «— Ce”" + 3NO;

Budc 2: Sau d6 thém ting giot H,O, va
khuay tiép thém 2h.

2Ce** + H,0, + 20H" — 2Ce(OH),**
Budce 3: Sau d6 thém tung giot dung dich
NaOH 0,05M vao hon hop phan tng trén.
Khudy tiép trong 3h va & nhiét 6 80°C.

Ce(OH),*" + 20H — Ce(OH),

Budc 4: Loc rira lay két tua va say khd ¢
nhiét do 105 °C trong 2h.
2.1.3. Cdc buéc tong hop CeO,@SiO; [6]
Budc 1: Tron Ce(OH),4 va Si(OH), theo ti
16 khi Twong 12 2:1, khuay tir 60 phut.
Budéc 2: Say ¢ nhiét do 80 °C trong 24 gio.
Buéc 3: Nung & nhiét do 500 °C trong 8
gio, thu duogc vat lieu CeO,@SI0,.
2.2. Khao sat hap phu caa vat liéu SiO,
véi NHy"
2.2.1. Anh hwong cua pH
Thi nghiém dugc thuc hién véi 6 nghiém
thac. Pha dung dich NH4Cl 10ppm voi
cac muc pH 3,16; 4,4; 5,73; 7,02; 8,6 va
9,87. Lay 15mg bot nanosilica vao 50mL
dung dich NH4". Lic déu trong 1h, sau dé
bit kin va dé ling & nhiét do phong trong
24h. Sau 24h, loc bo nano ra khoi dung
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dich va thuc hién pha mau mang di do
UV — Vis. Xac dinh ndng d6 NH,4" con lai
sau hap phu bang phuong phap do quang
phd hap phu UV-Vis.

2.2.2. Anh hwong cia nong do

Thi nghiém dugc thuc hién véi 5 nghiém
thiec. Pha dung dich NH4CI véi cac ndng
d6 lan lwot 10ppm, 40ppm, 60ppm,
100ppm, 150ppm. Lay 15mg bot
nanosilica vao 50mL dung dich NH,"
trong pH= 5,73. Lac déu trong 1h, sau d6
bit kin va dé lang & nhiét do phong trong
24h. Sau 24h, loc bo nano ra khoi dung
dich. Xac dinh nong do NH4* con lai sau
hip phu bang phuong phép thé dién cuc.

2.3. Khao sat hap phu caa vt liéu
CGOQ@SIOZ Vi NO3

2.3.1. Anh hwong cua pH

Thi nghiém dugc thuc hién vai 6 nghiém
thuc. Pha dung dich KNO3; 100ppm véi
cac muc pH 3,0; 4,5; 6,0; 7,5; 9,0 va 10,5.
Ldy 15mg bot nano CeO, @ SiO, vao
50mL dung dich NOs". Lic déu trong 1h,
sau do bit kin va dé ling ¢ nhiét ¢ phong
trong 48h. Xac dinh nong d6 NO3 con lai
sau hap phu bang phuong phap do quang
phd hap phy UV-Vis.

2.3.2. Anh hwong cua néng do

Thi nghiém duogc thuc hién véi 5 nghiém
thirc. Pha dung dich KNOj3 véi cac nong
d6 lan luwot 60ppm, 80ppm, 100ppm,
120ppm, 140ppm. Liy 15mg bot nano
CeO, @ SiO; vao 50mL dung dich NO3’
trong pH=10,5. Lic déu trong 1h, sau d6
bit kin va dé lang & nhiét do phong 48h.
Sau d0, loc bo nano ra khoi dung dich. Xac
dinh néng d6 NOs con lai sau hap phu
bang phwong phap thé dién cuc chuan.



2.4. Phuwong phap phan tich

2.4.1. Cong thire tinh dung lrong hap phu
va hiéu suat hap phu
Dung luong hap phu:
— CO - Ce V
m

e

Hiéu suat hap phu:
100G —Co)

Co
Trong do:
0e: Dung luong hap phu ¢ thoi diém cén
bang (mg/g)
m: Khéi luong SiO, hoic Ce0,@SiO,
(mg) (phu thudc tung truong hop vat liéu
khao sat)
Co: Nong do ban dau cua chat bi hap phu
(mg/L)
Ce: Nong do chat bi hap phu ¢ thoi diém
can bang (mg/L)
V: Thé tich dung dich caa caa chat bj hap
phu (mL)
H: Hiéu suat hap phu (%)
2.4.2. Nguyén tic va phwong trinh dirong
chudn xdc d@inh ion NH4* bang phwong
phadp do quang ph6 UV-Vis
Nguyén tic: Sir dung thudc thir Nessler va
x4c dinh néng d6 NH;* con lai bing
phuong phap do quang phd UV-Vis ¢
budc séng 420 — 425nm.
Phuong trinh dudng chuan:

A= 0,354C + 0,032 v6i R? = 0,995
2.4.3. Nguyén tdc va phwong trinh dwong
chudn xdc dinh ion NO3 bang phwong
phdp do quang ph6 UV-Vis
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Nguyén tic: Sir dung thudc ther phenol
trong acid sulfuric dic va xac dinh nong
d6 NO3™ con lai sau hap phu bang phuong
phép do quang phdé UV-Vis & budc song
407nm.
Phuong trinh dudng chuan:

A= 0,049C + 0,014 véi R? = 0,990

3. KET QUA VA THAO LUAN

3.1. Xac dinh ciu trdc vt liéu SiO,
3.1.1. Hinh thai hoc (SEM)

Hinh 1. Anh SEM vat li¢u SiO, truéc (a) va sau

sol-gel (b).
Vit liéu sau khi nung, chua sol — gel ¢6
hinh thai hat x6p két tu véi nhau, duong
kinh 20 nm < d < 100 nm va kich thuéc
cac hat khong dong déu. Mau vat liéu
Si0, diéu ché duoc sau sol - gel cac hat
x6p, hinh cau, kich thudc dong déu hon,
nhé hon cac hat phan bé déu tir 10 nm < d
<30 nm.

3.1.2. Thanh phan hoa hoc (EDX)

Element Weight Atomic%

OK
SiK

5523
4477

6841
3159

100.00

Totals

2
ull Scale 9867 cts Cursor. : 16.530 keV (3 cts)

Hinh 2. Gian dé EDX cua vdt liéu SiO,



Tu Hinh 2, ching téi phén tich dinh tinh
trén phd EDX thiy duoc cac peak dic
trung cua cac nguyén té Si va O trong
thanh phan déu xuat hién, két qua nay cho
thdy vat liéu tao ra la cac hat nano silica
tinh khiét khong pha lan tap chat. V& phan
tich dinh lwong, ti 1& phan trim Ccéc
nguyén t6 cd su sai léch so véi tinh toan
ly thuyét nguyén nhan do ddi véi céc
nguyén t6 c6 dién tich hat nhan nho phod
EDX kém chinh xac hon.

3.1.3. Thé zeta

Theo két qua dugc do ¢ Vién Han lam
Khoa hoc va Céng nghé Viét Nam, vat
liu SiO, duoc ché tao trong méi trudng
acid pH tir 4-5 va téc d6 nho giot 2ml
H,SO4/phlt c6 dién thé zeta = -16,68V,
cho thay rang bé mat cac tiéu phan phan
tan tich dién &m va c6 kha nang sa lang,
dé dang tach ra khoi dung dich. Chdng toi
du doan véi dién thé zeta am, cac tiéu
phan cua vat liéu tong hop ¢ kha ning
hip phu dugc mot sé cation nhu NH,"
trong moi trudng nudc.

3.2. Xac dinh céu truc vat liéu
CEOz@SiOZ

3.2.1. Hinh thai hoc (SEM)

Hinh 3. 4nh SEM cza vdt liéu CeO,@SiO, ¢ cac
thang do khdc nhau 2um (a) va 300nm (b)

Tu Hinh 3 cho thiy rd céc hat di hinh
thanh trong vat liéu, cé hinh dang tuong
tu nhu cac hat cdu véi duong kinh trong
khoang 10 nm < d < 30 nm, mot sé hat
két dam c6 kich thudc Ion hon. Ngoai ra
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mat d6 cau tric xop hira hen dé& dang hap
phu cac chat I&n vat liéu.

3.2.2. Thanh phan héa hoc (EDX)

Spectrum 1

Element Atomic%

Weights

OK 4801
SiK 37.01
CeL 1408

67.81
2077
24

Totals 100.00

Hinh 4. Gian dé EDX cua vdt liéu CeO,@SiO,

Theo két qua Hinh 4, vé dinh tinh thay
duoc trén pho EDX da xuat hién cac peak
dic trung cua cac nguyén té Ce, O va Si
trong thanh phan mau CeO,@SiO,. Vé
phan tich dinh luong, két qua ti 1& phan
tram nguyén td cO sy sai khac véi tinh
toan ly thuyét. Nguyén nhan do phé EDX
kém chinh xac hon dbi voi nguyén tb co
dién tich hat nhan nho, cu thé 12 O (Z=8),
Ce (Z=58) va Si (Z=14).

3.3. Panh gia sy hap phu cia SiO; véi
ion NH,"

3.3.1. Anh huong cua pH

Gia tri pH la mét trong nhiing yéu té dong
vai tr0 quan trong toi qué trinh xa ly
amoni trong nudc va qua trinh hap phu do
c6 thé 1am thay ddi dién tich bé mat vat
liu [7].

Trong bai nghién ctu nay ching téi nhan
thay kha nang hap phu NH," cua vat liéu
Si0, cao nhat & pH=5,73 c6 hiéu suét phu
khoang 40% va pH tu trong khoang 7,0
dén 10,0 hip phu dat toi can bang.



3.3.2. Anh hwong cua nong dé

Tir két qua thuc nghiém, cho thiy ring
khi ting nong do cua dung dich amoni tir
10 + 150ppm thi hiéu suit giam tir 24 %
xuéng 5%.

3.3.3. Pdnh gid dang nhiét hap phu cia
NH,"

Phuong trinh Langmuir:

Ce _ _0,0054.C, +0,7772 Vi R*= 0,93

Qe

Tu phuong trinh da xay dung ta c6 1/gm =
-0,054 suy ra hang s6 Langmuir 13 K, = -
0,069.

Dua trén co s¢ két qua xay dung phuong
trinh dang nhiét hap phu va hé sé tuong
quan chdng tdi thay rang qua trinh hap
phu NH;" tuin theo phuong trinh
Langmuir.

3.4. Panh gia sw hip phu caa
CeO,@SiO; véi ion NO3

3.4.1. Anh hwong cua pH

Véi 6 nghiém thuc, két qua cho thiy ring

khi tang pH tir 3,0 + 10,5 thi hiéu suat
hip phu tang tir 10% Ién toi 25%.

3.4.2. Anh hwong cua nong do

T két qua thuc nghiém, cho thay rang
khi ting ndng d6 dau tir 6 <+ 140ppm thi
kha nang hap phu ting dan véi hiéu suat
tang tir 20% 1én 27%.

3.4.3. Panh gid nhiét hdp phu ciia NO3~

Cac théng sb cho thiy su hap phu ding
nhiét ion NO3™ theo mé hinh Langmuir va
Freundlich dugc trinh bay trong bang 1.
Tir bang 1 cho thay rang hé s6 twong quan
R? theo mé hinh déng nhiét c6 gia tri cao
(R?> 0,95) ching t6 su hip phu ion NO3
dugc mo ta tt theo ca hai mé hinh. Tuy
nhién, mé hinh dang nhiét Freundlich
thidy rang phd hop hon mé hinh dang
nhiét Langmuir do c6 gia tri hé s tuong
quan 16n hon. Bang 1 cho thay hang sb
Freundlich 1a 4,498 va ng >1 tir day két
luan qué trinh hap phu ion NOs cua
CeO,@SiO, xay ra thuan lgi va dung
lugng hép phu cuc dai Qmax = 126,
58mg/g.

Bang 1. Céc thdng so cho qua trinh khdo sdt dang nhiét hap phu ion NO5™ véi vat liéu CeO,@SiO,

Freundlich: Langmuir:
3 lg(qe) = lg K Ligc Co_ Ce !
3 e)= +— —_— =
Mau 9(q g Kr+—-1gC, 2. @ K.
Un | Ke(lg) R? KL(l/mg) | dam(mglg) | R
CeO, @SiO, | 0,640 4,498 0,990 0,016 126,580 | 0,950
4. KET LUAN

i ché tao thanh céng 2 mau vat liéu
SiOz va CEOz@SiOZ. Vi SiOz du’()‘C téng
hop & moéi truong acid va CeO,@SiO,
duoc tong hop trong moi truong kiém. Tir
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hinh thai hoc va tinh chat vat liéu cho
thy vat liéu co kich thudc nano, dién tich
bé mit riéng twong ddi Ion, ban chat hap
phu cac ion trén vat liéu chu yéu do tuong




tac tinh dién nén vat lidu c6 kha nang hap
phu cac ion NO3 va NH,".

Khao sat su hdp phu cua hai vat liéu thay
rang qué trinh hap phu NH,4* caa SiO; phu
hop véi mé hinh ding nhiét hip phu
Langmuir, qué trinh hip phu NO; phu
hop v6i mé hinh dang nhiét Freundlich tir
d6 tim duoc hang s Langmuir cua qué
trinh SiO, hap phu ion NH,* 1a -0,069 va
hing sé Freundlich cua qua trinh
Ce0,@Si0; hap phu NO3 14 4,498.

Vit liéu nano SiO, da ché tao c6 kha niang
hap phu ion NH4" cao hon so véi nghién
ctru [8] di cong bd.

Kha ning hap phu ion NO3 cua vat lidu
composite CeO,@SiO; cao hon so véi vat
liu SiO; cua nghién ciru [8] da cong bd.
Pép g dugc mong mudn tong hop dugc
vat liéu composite c6 hiéu suat hap phu
cao hon so véi vat liéu ban dau 1a SiO,.

Déi véi viec hap phu NH,*, NO3™ ¢6 thé
tng dung vao lam chat van chuyén cac
chat dinh dudng cho cay trong.
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