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SUMMARY

STUDY ON ADSORPTION CAPACITY OF Mn(II), Ni(II) ON THE MATERIAL
MADE FROM IRON NITRATE, NATRIUM SILICATE AND PHOTSPHATE

This paper focus on the adsorption of Mn(Il), Ni(ll) in aqueous solution on the material made

from iron nitrate, silicate and photsphate. Some physicochemistry properties of the material
have been determined by BET, SEM, XRD and IR method. The experiments were conducted
using the following parameters: quilibrium time is 180 minutes for Mn(Il), 210 minutes for
Ni(ll), adsorbent mass is 0.1g;, pH is 3.5 - 5.0 for Mn(Il), 5.0 for Ni(ll). Adsorption capacity
for each metal was found as 17.56mg/g for Mn(Il) and 18.48mg/g for Ni(ll) at 25°C,

respectively. The result indicates that, Ca’*, Zn’*" and AP ions in research solution reduce

Mn(1l), Ni(Il) adsorption capacity of the material.

1. MO PAU

Ngoai cac vat lidu hap phu c6 ngudn gbe tu
nhién, mot sb vat liéu hép phu duogc ché tao
tir héa chit ciing duoc nhiu tic gia quan
tam nghién ctru nhim muc dich hip phu cac
chit doc hai trong méi truong nude. Cac
vat liéu dugc nghién ciru ché tao co thé 1a
vat liéu nano [2,3,6,8,9]; canxi photphat [5]
hay vt lidu tdng hop tir cac hop chit hiru
co [7]. Trong bai bao nay, ching téi nghién
ctru kha niang hip phu Mn(II), Ni(I) cua
vat liéu hép phu ché tao tur sét (III) nitrat,
silicat va photphat.

2. THUC NGHIEM

1. Héa chat

Fe(NO3);.9H,0 99%; Mn(NO;), 50%, d =
1,51 g/mL; Ni(NO;),.6H,O 99%; HgSO,
98,5%; H;PO4 85%; Na,Si0;.9H,0 99%;
Na;PO4.12H,0 99%; NaOH 98,5%, HNO;
65%; (NH4),S,058 99%; Ca(NOs),.4H,0
99%; AI(NO;);.9H,0 99%...

2. Thiét bi

- May lic, tu siy, may do pH.

- Méy quang phé hép thu phan tt UV mini
1240 cua hang Shimadzu - Nhat Ban.

3. Ché tao vit liéu

Qua trinh ché tao vat liéu hip phu tir cac
dung dich mubi sit (III) nitrat, silicat va
photphat dugc tién hanh theo tai lidu [4].
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- Budc 1: Pha 250mL dung dich Fe(NOs);
0,5M thu dugc dung dich (1).
- Budce 2: Pha 250mL dung dich Na,SiO;
0,5M thu dugc dung dich (2).
- Budc 3: Pha 250mL dung dich Na;PO,
0,5M thu dugc dung dich (3).
- Budce 4: Nho tir tir dung dich (1) va dung
dich (2) vao dung dich (3) vira nhé vira
khudy dung dich lién tuc bing may khudy
tir. Khi nho hét dung dich (1) va dung dich
(2), diéu chinh pH cua hdn hop phan tng
vé ving trung tinh bang dung dich HNO;
0,1M hodc dung dich NaOH 0,1M. Sau khi
diéu chinh pH, hdn hop phan tng duogc
khuay tiép trong 1 gio.
- Bude 5: Thiy nhiét dung dich trong 48 +
72 gid & 60 = 70°C dé 6n dinh hdn hop
phan ng.
- Budc 6: Loc rira mau vat liéu di thay
nhiét nhidu lan bang nudc cit. Siy kho vat
liéu & 110°C. Dé ngudi, nghién va riy vat
liéu & cac kich thudc hat khac nhau. Bao
quan vat liu trong lo polietilen sach va day
kin.
3. KET QUA VA THAO LUAN
3.1. Mot s6 dic trung hoa Iy ciia vat li¢u
Két qua do dién tich bé mit riéng cua
vat lidu 1a: 87,1156 m%/g
Hinh anh SEM, gian d6 nhidu xa tia X
(XRD), phé h6ng ngoai IR cua vat liéu dugc
trinh bay trong cac hinh va bang dudi day.

Hinh 1. Anh SEM ciia vt liéu
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Hinh 2. Gian do6 XRD ciia vt liéu
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Hinh 3. Phé h(fng ngogi cua vat liéu
Két qua anh SEM cua vat liéu cho théy, bé
mat vat liéu c6 dd xép tuong ddi cao va
ddng déu.

Gian d6 XRD cuia vat liéu xut hién két tia
v6 dinh hinh ctia Fe’ v6i PO,” va SiO5”.
Phd héng ngoai cta vat liu xuét hién cuc
dai hép thu manh va rdng & 1010,70cm™
dac trung cho lién két hoa tri P-O-H; cuc
dai chéan rong & budc song 3444.87cm’ dic
trung cho cac tdm axit yéu ciia nhom Si-
OH; cuc dai hép thu & 1643,35cm™ dic
trung cho lién két bién dang O-H cua H,0
két tinh. Viéc phan tich phd hong ngoai
cling nhu gian d6 nhidu xa tia X coa vét
liéu bude dau cho théy cac tam hoat dong
PO, va Si0; c6 thé da xuét hi¢n trén bé
mit vat liéu. Trén co sé cac két qua nghién
ctru nay, chung t6i gia thiét qua trinh ché
tao vt li€u xay ra cac phan Gng sau:
Fe** + PO;” == FePO,

2Fe™ +3Si032_ == Fe,(S8i0,),
SFe™ +2PO) +Si0F +(n+11)H,0 =
FePO, + Fe(Si0,)PO, + FeO(OH ) + Fe,0,.nH,0 + THO
3.2. Xac dinh diém ding dién cia vit liéu
Két qua xac dinh diém déng dién cua vat
liéu hép phu dugc thé hién trong hinh 4.
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Hinh 4. Piém d‘cfng dién cua vat liéu
Két qua nghién ctru cho thiy gia tri diém
déng dién (pI) cua vat lidu hap phu la 7,8.
3.3. Nghién ctru kha ning hip phu
Mn(IT), Ni(II) cuaa vat liéu
3.3.1. Khdo sdt anh hwong cua thoi gian
tiép xiic giia dung dich nghién ciru va vit
liéu hdp phu
Két qua nghién ctru anh hudéng cua thoi
gian tiép xuc téi kha ning hap phu Mn(II),
Ni(II) cta vat liéu dugc chi ra trong bang 1.

Bdng 1. Anh hudng ciia thoi gian dén

kha néing hap phu Mn(11), Ni(Il) cia vit liéu

v6i vat lidu lan luot 1a 180 phat va 210

phut.

3.3.2. Khdo sdt anh hwéng ciia khéi liwong

vét liéu hip phu

Khao sat su anh huong cia khdi lugng t6i

kha nang hip phu Mn(II), Ni(Il) cua vat

lidu, ching t6i thu duoc cac két qua trong

bang 2.

Bdng 2. Anh hudng ciia khéilwong vit liéu
dén kha néang hap phu Mn(Il) va Ni(Il)

Céc thong so hap phu

Ion Thoi gian
ch q

kim loai | (phut) H (%)
(mg/L) |(mg/g)

10 32,96 | 3,56 | 30,69

30 30,11 | 436 ] 36,6

Mn(1I) 60 27,74 | 496 | 41,67

Cy=47,56 90 24,88 | 5,67 | 47,68

(mg/L) 120 21,35 | 6,55 | 55,11

150 18,97 | 7,14 | 60,12

180 18,73 | 7,21 | 60,62

210 18,62 | 7,24 | 60,84

10 28,28 | 4,96 | 41,24

30 25,42 | 5,68 | 47,18

60 24,45 | 592 | 49,20

Ni(I)
Co=dsi3| 21,04 | 6,77 | 56,29

120 | 19,03 | 728 | 60,46
(mg/L)

Khéi |Céc thong s6 hip phu

Ton kimloai | lugng | C q H

vat liéu| (mg/L) |(mg/g) | (%)
0,01 | 37,23 | 26,75 |22,32
0,02 | 32,91 | 17,78 |31,34
0,04 | 28,95 | 11,86 [39,59
0,05 | 27,92 | 10,01 |41,75
0,06 | 25,18 | 9,48 (47,44
0,08 | 20,19 | 8,66 |81,93
0,10 | 15,57 | 8,09 |83,12
0,20 | 8,82 | 4,89 (89,79
0,01 | 30,55 | 45,05 37,10
0,02 | 26,78 | 27,24 (48,86
0,04 | 23,38 | 15,74 |51,86
0,05 | 19,62 | 14,48 |59,61
0,06 | 17,53 | 12,93 163,91
0,08 | 11,42 | 11,61 (76,49
0,10 | 9,63 | 9,81 |80,73
0,20 | 8,68 | 4,99 |82,13

Mn(IT)
Co=47,93 (mg/L)

Ni(II)
Co=48,57 (mg/L)

150 17,44 | 7,67 | 63,78

180 15,78 | 8,09 | 67,21

210 15,12 | 8,25 | 68,58

240 15,05 | 8,27 | 68,73

Két qua nghién ctru cho thay, thoi gian dat
can bang hip phu gitta ion Mn(II), Ni(I)

Nhu vay, khi khoi lugng vat liéu hap phu
ting ddng nghia v6i sy ting cac trung tim
hép phu, dan dén hiéu suat hip phu Mn(II),
Ni(Il) ting nhung dung lwong hip phu
giam. Vi khdi luong vat li€u la 0,1g thi
dung lwong hip phu va hiéu suat hap phu
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cac ion kim loai cta cac vat liéu la kha cao.
Trong cac thi nghiém tiép theo, chung toi
can khéi lugng cia vat liéu hép phula0,1g.
3.3.3. Khdo sit dnh hwéng ciia pH dén
khd ndang hip phu Mn(I) va Ni(Il) ciia

vt liéu

Két qua nghién ctru sy anh huéng cua pH dén
kha niang hip phu Mn(Il) va Ni(Il) cia vat

liéu duoc trinh bay trong bang 3 va hinh 5.

Badng 3. Anh hudéng ciia pH dén kha néing hdp phu Mn(Il) va Ni(Il) ciia vit liéu

Hinh 5a. Sw anh hudng ciia pH dén kha
nang hap phu Mn(Il) cia vit liéu
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Céc thong sb hip phu
Ion kimloai pH
Ce (mg/L) q (mg/g) H (%)
2,0 22,99 6,04 51,23
3,0 20,19 6,73 57,17
Mn(I) 3,5 18,55 7,15 60,65
Co=47,14
4,0 14,42 7,18 69,41
(mg/L)
5,0 18,31 7,21 61,16
6,0 25,67 5,37 45,54
7,0 30,23 4,23 35,87
2,0 15,05 8,24 68,65
Ni(II) 3,0 12,85 8,79 73,23
Co = 48,01 3,5 12,17 8,96 74,65
(mg/L) 4,0 10,56 9,36 78,01
5,0 8,75 9,82 81,77
6,0 7,97 10,01 83,35
7,0 10,02 9,48 79,13
10 15
o b
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Hinh 5b. Suw anh hudng ciia pH dén kha
nang hap phu Ni(Il) ciia vit liéu
Két qua nghién ctru cho thdy, pH c6 anh
huong kha 16n t6i kha ning hip phu Mn(IT)



cua vat liéu. Cu thé, khi pH < 3,5 thi xay ra sy
hip phu canh tranh giita proton véi ion
Mn(Il) nén gia tri pH cang nho thi dung
luong hip phu Mn(II) cang thip. Trong viing
pH tir 3,5 =+ 5,0, khi tdng pH thi dung hrong
hip phu Mn(II) cua vat liéu ting con khi pH
16n hon 5,0 thi dung luong hip phu Mn(II)
cua vat lidu giam. Didu nay c6 thé 1a do khi
pH ctia méi trudng 16n hon 5.0 thi co thé xay
ra phan mg tao két tia mangan hidroxit, tir
d6 1am giam kha ning hip phu mangan cia
vat liéu. Nhu vay khoang pH t6i wu cho sur
hép phu Mn(II) ciia vat lidu 14 3,5 + 5,0.

Déi véi Ni(Il), khi pH ting tir 2,0 + 6,0 thi
dung Iwrong hip phu Ni(IT) ciia vét lidu ting din
va dat gid tri cao nht trong khoang pH tir 5 + 6.
Diéu ndy co6 thé giai thich nhu sau: ¢ pH thip,
ndng do ion H' cao nén xéy ra sy hip phu canh
tranh giita ion H' va ion niken, két qua 13 lam
giam sy hip phu ion niken ciia VLHP. O pH
cao, ndng d6 ion H' giam, trong khi nong do
cia ion niken gan nhu khong déi do d6 su hap
phu ion niken chiém wu thé hon din dén dung
lwong hip phu Ni(II) ting. Tuy nhién, & pH cao
hon, dung luong hip phu Ni(Il) cia VLHP
giam dan. Diu ndy c6 thé 1a do & pH cao c6 su
hinh thanh phirc hidroxo ctia Ni(Il) nén da lam
han ché sy hap phu Ni(Il) coa vat liéu. Vi vay,
gia tri pH = 5,0 1a thong sb t6i wu cho su hip
phu Ni(II) cta vat li¢u.

Két qua nghién ctru cho thdy, gia tri pH toi
wu cho sy hip phu Mn(II) va Ni(II) trén vat
lidu déu nhoé hon diém ding dién cua vt
lidu. Véi cac gia tri pH nay thi bé mat vat
litu hdp phu tich dién duong. Diéu nay
chirng t6 su hap phu Mn(II) va Ni(II) trén
vat liéu khong phai 1a sy hip phu tinh dién

gitra cac ion kim loai tich dién duong va bé

mat vat liéu hip phu tich dién 4m. Ching
t6i cho ring, trong qua trinh hip phu, xay ra
phan Ung giita cac cation kim loai nghién
ctru v6i cac tim hip phu (PO4)* va (SiO;)*
trén vat lidu. Do d6, chiing toi gia thiét, su
hap phu Mn(IT) va Ni(I) trén vat liéu 1a su
hép phu hoa hoc.

3.3. 4. Khdo sdt anh hwéng ciia mét sé ion
lg dén khd néing hap phu Mn(II) va Ni(Il)
ciia vt liéu

Huéng nghién ciru dén viée tham do xu li
mdi trudng nén chung t6i tién hanh khao
sat sy anh huong cia mot s6 ion la dén kha
ning hip phu Mn(I) va Ni(II) cta vat lidu.
Két qua nghién ctru duoc trinh bay trong

cac hinh dudi day.
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Hinh 6. Anh hwong cua cdc ion ca®’, zn’t

va AP* dén kha nang hap phu Mn(Il) ciia

vat liéu
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Hinh 7. Anh hwong cua cdc ion cat, zn’t
va AP dén kha nang hap phu Mn(II),
Ni(ll) cua vat liéu
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Hinh 8. Anh hudng ciia hén hop cdc ion
Cd*', Zn** va AF" d@én kha nang hap phu
Mn(1l), Ni(Il) cua vat liéu

Céac két qua thuc nghiém cho thiy, trong
ving ndng d6 khao sat, cac ion Ca®’, A",
Zn*" ¢6 anh hudng toi kha niang hip phu
Mn(II), Ni(Il) cua vét liéu hap phu. Khi
ndng do cac ion Ca*’, A", Zn®" ting thi
dung lwong hip phu Mn(II), Ni(Il) cua
VLHP giam. Nguyén nhan 1a do sy ¢c6 mat

1" va Zn*" da gy ra sy

cta cac ion Ca*", A
hip phu canh tranh giita cac ion, do d6 cac
ion kim loai ndy bi hdp phu mot phan, dong
thoi ngin can sy hdp phu Mn(II), Ni(II) cua
vat liéu dan dén dung luong va hiéu suét
hip phu cac ion nay cua vat liéu giam. Mt
khac két qua nghién ciru ciing chi ra rang,
ion A" c6 anh huéng 16n nhit dén kha
ning hap phu Mn(II), Ni(IT) caa vat lidu. Su
anh huéng cua ion Zn*" va Ca®" dén kha
ning hdp phu Mn(II), Ni(Il) cia vét liéu
gin nhu twong duong nhau. Piéu nay dwoc
giai thich nhu sau: théng thuong, khi hp
phu cac ion kim loai trén cac vat li€u thi ion
nio c6 dién tich cang 16n s& bi hip phu
cang manh. Trong truong hop cac ion co
cung dién tich thi ion nao c6 ban kinh ion
hidat hoa nho hon sé bi hép phu manh hon

[1]. Trong ba ion nghién ctru, ion AI’" ¢6
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dién tich 16n nhét nén bi hép phu manh
nhét. Do ion Zn*" va Ca®" ¢6 ban kinh ion
hidrat hoa tuong tu nhau (0,6nm) nén su
anh hudng cta chung dén kha ning hip phu
Mn(II), Ni(I) cua vat liéu la twong duong
nhau [10].

3.3.5. Nghién ciru dnh hwéng ciia nong d
ddu ciia dung dich nghién ciru

Qua trinh nghién ctu sy anh huong cia
ndng do dau cua dung dich Mn(II) va Ni(II)
cua vat liéu, chung t6i thu dugc cac két qua

trong cac bang va hinh sau.

Bdng 4. Anh huong ciia nong dé dén kha
nang hap phu Mn(Il) va Ni(Il) cia vét liéu

1 Nong do |  Céc thong s6 hap phu
on \
. | dau Cov q |Cu/q H
kim loai
Co(mg/L)| (mg/L) (mg/g)((g/L)| (%)
546 | 097 | 1,12 0,86 82,23
19,71 | 4,03 |3,92(1,0379,58
22,19 | 7,73 | 7,23 |1,0665,16
31,58 | 13,72 | 8,93 | 1,54 |56,55
Mn(1I)
3747 | 18,97 | 9,25 |2,05 49,37
68,51 | 47,34 |10,59 | 4,47 48,72
111,25 | 88,51 |11,37]|7,78 20,44
9,57 | 0,77 |2,20 [0,35]91,95
18,03 | 1,67 | 4,09 |041 90,73
39,67 | 545 | 8,56 |0,64 (86,26
4929 | 813 {10,29]0,79 | 83,51
Ni(II)
60,19 | 15,07 |11,28|1,34 |74,96
78,59 | 23,29 |13,83|1,68 70,37
106,13 | 46,03 |15,03 3,06 |56,63
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Hinh 9b. Puong ding nhiét hap phu
Langmuir doi véi Ni(Il)
Bdng 5. Cdc thong sé hdap phu theo mé hinh

Langmuir ciia vét liéu hap phu

TIon kim Qmax b R?
loai (mg/g) (L/g)
Mn(1I) 17,56 0,066 | 0,99
Ni(II) 18,48 0,1550 | 0,99

Céac két qua nghién ctru cho thdy, su hip
phu Mn(II), Ni(Il) trén vat li€u tuan theo
md hinh déng nhiét Langmuir (hé sb twong
quan R? trong cac phuong trinh déu 16n hon
0,99); dung lwong hap phu Mn(II) va Ni(II)
cuc dai c6 gia tri gin nhu nhau. Diéu nay
c¢6 thé duoc giai thich 1a do ban kinh ion
hidrat hod cta hai ion bing nhau (0,6nm)
[10].

4. KET LUAN

1.Da ché tao duge vat lidu tir sit (I1I) nitrat,

silicat va photphat.

2. D3 nghién ciru mot sb dic trung hoa li
cua vat liéu bang cac phwong phap BET,
SEM, XRD va IR. Két qua cho thiy vat liéu
ché tao duoc tuong ddi xép vé6i dién tich bé
mat riéng kha lon.

3. ba xac dinh dugc cac thong $6 t6i wu cho
qua trinh hap phu Mn(Il), Ni(Il) cua vat
lidu. D6 1a: thoi gian dat cAn bang hip phu
(180 phut ddi véi Mn(Il); 210 phut dbi véi
Ni(ID); khéi luong vat liéu 1a 0,1g; pH 1a 3,5
— 5,0 (d6i v6i Mn(ID), 1a 5,0 (d6i véi
Ni(IT)).

4. Céc ion Ca®', Zn®" va AI** déu lam giam
kha ning hip phu Mn(II), Ni(I) ctua vat
liéu.

5. Su hap phu Mn(II), Ni(II) trén bé mat vat
lifu tudn theo mo6 hinh déng nhiét
Langmuir. Dung lwong hip phu Mn(II),
Ni(II) cuc dai cua cac vat liéu lan luot 1a:
17,56mg/g va 18,48mg/g.
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