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In this study, a composite materials between MnFe,0, and activated carbon
from coffee husks (denoted MFO/ACF) was synthesized using co-
precipitate and hydrothermal methods for the removal of ammonium from
aqueous solutions. The characteristics of MFO/ACF were characterized
evaluated by scanning electron microscopy (SEM) and Fourier transform
infrared spectra (FTIR). The ammonium adsorption process of MFO/ACF
was investigated through batch experiments, assessing parameters such as
solution pH, contact time and initial ammonium concentration. The results
show that ammonium could be removed well by using MFO/ACF due to
electrostatic attraction and functional groups on the surface of composite
materials. The maximum ammonium adsorption capacity of MFO/ACF
calculated according to the Langmuir model was 55.13 mg.g™ at pH 6,
material dosage of 0.6 g.L™ and contact time of 20 minutes. Adsorption
kinetics studies showed that the ammonium adsorption Kinetics by
MFO/ACF composite materials were best described by the second-order
kinetic model. This showed that the mechanism of the process was mainly
chemical adsorption. The MFO/ACF composite material promises to be a
material capable of treating ammonium in water quite well.
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Trong nghién ctru nay, vét lidu to hop gitra MnFe,0, va than hoat tinh tir vo ca
phé (ky hiéu 1a MFO/ACF) dugc téng hop bing phuong phép ddng két taa va
thay nhiét va dugc sir dung dé khao sat kha ning hap phu amoni trong nu6c.
Dic diém bé mit cua vat lisu MFO/ACF duoc dénh gia bang kinh hién vi dién
tir quét (SEM) va phd hdng ngoai bién dbi Fourier (FTIR). Khao sat kha ning
hap phu amoni cua vat li¢u thong qua nghién cttu anh huéng cia pH, thoi gian
hép phu va nong d6 amoni ban dau. Két qua chi ra rang vat liéu MFO/ACF c6
kha nang hap phyu amoni kha t5t nho lyc hut tinh dién va cac nhom chire trén bé
mat vat liu to hop. Dung lwong hip phu amoni cyc dai cia MFO/ACF tinh
theo mé hinh Langmuir 14 55,13 mg/g & pH = 6, ham lugng vét liéu hip phu la
0,6 g/L va thoi gian tiép xtic 1a 20 phut. Nghién ctru dong hoc cho thiy qua
trinh hap phu amoni bang vt liéu t6 hgp MFO/ACF tuan theo mé hinh dong
hoc bac 2. Piéu nay cho thdy co ché ctia qua trinh chi yéu 1a hap phu héa hoc.
Vit liéu t6 hop MFO/ACF hira hen s& 1a mot vét ligu c6 kha ning xir Iy kha t6t
amoni trong nudc.
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1. Gioi thigu

Hién nay, than hoat tinh ché tao tir cic phé phu phdm ndéng nghiép nhu vo triu, 16i ngd, ba
mia, v6 ca phé, vé dua... da va dang dugc sir dung rong rai dé hép phu cac chit 6 nhiém trong
mdi truong nude, dién hinh 13 amoni [1] — [3], nhung van ¢ nhitng kho khin trong qua trinh sir
dung nhu hay bi vo vun, béd mun va tréi theo dong nudc, kho thu hoi vat liéu dé tai st dung. Bén
canh d0, cting véi su phat trién khong ngimg ctia cong nghé nano, cic nha khoa hoc da nghién
cuiu téng hop thanh céng cac hat nano cé tir tinh khac nhau cing nhu ché tao cac vat liéu nano
lai/td hop gitia cac hat ferit tir voi mot s6 loai vat liéu nano chét mang khac va da dugc ung dung
rong rai trong linh vuc xur ly moi truong nhu: ta‘mg kha néng dong tu lai cia nudc thai, xu li cac
chat nhudém hitu co va dét bi 6 nhiém... [4] — [7]. V4t liéu nano to hop gitra MnFe,O,4 vdi than
hoat tinh tir phu pham ndng nghiép c6 quy tr1nh che tao don gidn, than thién v6i moi trudng, hon
nira tinh vu viét cua vat liéu nay 1a sy hap phu ddng thoi cua ca than hoat tinh va MnFe,0,, kha
6n dinh nhiét va bén viing trong méi trudong nude nén duoc ing dung nhiéu trong xtr Iy moi
truong [8] — [11]. Tuy nhién, cac nghién ciru vé vat liéu to hop giita MnFe,O,4 va than hoat tinh tir
v ca phé tmg dung trong xir Iy moi truong con kha khiém ton.

Hién nay, viéc xur ly triét dé cac chat thai doc hai gy 6 nhiém nguén nudc nhu amoni, cac
kim loai ning, cac cht hitu co, chat mau, MB,... dang 1a mot vin dé can giai phap quyet liet dé
tranh gdy anh hudng dén con ngudi va moi truong xung quanh [12]. Dac biét la amoni c6 thé gay
hai cho co thé con ngudi boi vi théng qua chudi thirc dn amoni ¢ thé dwoc tong hop thanh hop
chat nitroso, mot chat giy ung thu manh [13]. Piéu nay gy ra nhiing rii ro ddng ké cho hé sinh
thai dudi nude cling nhu sire khoe con nguoi. Trong nhimg phuong phap xu 1y amoni pho bién
hién nay 1a hap phy, thap tripping, két tua hoa hoc, dién hoa, trao d6i ion, sinh hoc... thi ky thuat
hap phu duoc coi 12 mang lai hiéu qua xir Iy amoni cao, tlet kiém chi phi va bén viing hon so véi
cac ky thuét khac [14], [15]. Do do, trong nhirng nam gan day, hip phu 1a phuong phap dugc ua
chudng hon d xir Iy amoni trong nuéc do d& hoat dong va chi phi thép.

Tuy nhién, cac nghién ctru hién nay dang tép trung vao viéc ung dung vat liéu t6 hop voi
MnFe;O, trong xtr Iy kim loai nang va thuc nhudm [4] — [1 1] ma chua quan tdm nghién ciru img
dung vat licu t6 hop giita MnFe,O, va than hoat tinh trong hap phu amoni. Bén canh do, su dung
vt liéu t6 hop giita MnFe,O, va than hoat tinh tir cac phé phu pham ndéng nghiép dé xir Iy amoni
trong nudc cling chua duge quan tdm nghién ctru. Trong nghién ctru nay, vat liéu to hop gitra
MnFe,O, va than hoat tinh tir vo ca phé¢ (MFO/ACF) dugc tong hop bang phuong phap dong két
tha va thily nhiét, sau d6 vat lidu t6 hop dugc st dung dé khao sat kha nang hap phy amoni trong
nude. Banh gia kha nang hap phu amoni ciia vat liéu t6 hop MFO/ACF thong qua khao sat cac yéu
t6 anh huong nhu pH, thoi gian hip phu va ndng d6 amoni ban dau. Pong thdi mé hinh dong hoc
va ddng nhiét hdp phu amoni ciing dugc nghién ctru, tir d6 ude tinh duoc dung lwong hip phu
amoni cuc dai cta vat liéu td hop.

2. Thuc nghiém va phuong phap nghién cuu
2.1. Héa chit va thiét bj

Céc hoa chit chinh dé ché tao vat liéu td hop MFO/ACF bao gém: MnCl,-4H,0O and
FeCly-6H,0 (Merck, 99%), HNO; (63%), NaOH (96%), ethanol (China). Dé khao sat kha ning
hép phu amoni cua vat li¢u can thém dung dich KNaC4H,;0¢.4H,0 50%, dung dich amoni chuan
dugc pha tir mudi NH,CI (Merck), thudc thir Nessler (Merck) va nude cit.

Céc thiét bi can thiét bao gdm may li tim (Vison, Han Quéc), may lic ngang SK-300 (Han
Qudc), may do pH cam tay CDC401- HACH, may quang phé UV- VIS 730 (Nhat Bén).

2.2. Quy trinh ché tgo vit ligu t6 hgp

Ché tao than hoat tinh: V6 ca phé dugc rira sach, dun sbi dé loai bé mau va bui ban sau d6

dugc siy & 110°C trong 24h va nghién nho dén kich thude dong déu khoang tir 0,5 — 1 mm.
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Ngam vo ca phé voi dung dich HNO; 3M ¢ 70°C trong 4 gid (ti 18 ngdm tdm 1 1:10 g/mL). Sau
d6, rira chét rn nhiéu 1an véi nudc cat cho dén khi pH 6n dinh & mirc 7-8 rdi siy kho & 80°C dén
khdi luong khong d6i. Cho 10 g chat ran vao thuyén si, nung mau ¢ nhiét do 350°C trong thoi
gian 60 phut trong 16 nung chira khi argon [16]. Tiép d6, ngdm than trong dung dich NaOH 0,25
M & nhiét d6 70°C trong 24 gio (ti 1& ngdm tam 14 1:4 g/mL) [3]. Sau d6 chat rin dugc rira nhicu
lan véi nudc cat cho dén khi pH 6n dinh ¢ mirc 7-8 rdi sdy kho & 80°C dén khdi lugng khong doi,
thu dugc than hoat tinh ky hi¢u 1a ACF.

Ché tao vt liéu t6 hop: Hoa tan cac mudi MnCl,.4H,0 va FeCls.6H,0 theo ty 18 mol Mn?*: Fe**
= 1:2, khuay tron hdn hop trong dung dich NaOH 2M bang may khudy tir gia nhiét voi toc do on
dinh ¢ 80°C trong 90 phut, thu duoc chat ran két tia mau den 1a MnFe,0, (MFO), loc rira két tua
bang nudc cat dén pH = 7 rdi sy chit rin ¢ nhiét do 80°C trong 24 gio. Tiép theo, tron cac hat
nano MFO véi than hoat tinh ACF theo ty 1¢ khdi lwong 1:3 (g:g). Sau d6 cho vao binh dung miu
10i thém 70 mL nudc cat, khudy tir trong 3 gio 6 nhiét d phong. Cho hén hop vao binh thuy nhiét
va thuy nhiét & 200°C trong 12 gio. Dé ngudi va rira chat rin bang nudc cat dén pH = 7 1di sdy &
nhiét d6 80°C trong 24 gid dé thu dugc vat liéu nano t hop ky hiéu 1a MFO/ACF.

2.3. Thue nghiém hip phu amoni

Dé danh gia kha nang hap phu amoni cua vat liéu nano t6 hop MFO/ACF, hang loat thi nghiém
hap phu theo mé dugc thyc hién trong binh tam giac 50 mL & nhiét d6 phong (25 + 2°C). Tién hanh
khao sat mot s6 yéu t6 anh hudng dén kha niang hip phu amoni cua vat liéu t6 hop, khao sat ¢ diéu
kién nao thi gia tri cua diéu kién d6 duoc didu chinh theo mot thang, cac gia tri khac c¢b dinh véi
diéu kién hp phu ban dau 1a: ham luong chat hip phu 0,6 g/L; thoi gian hip phu 20 phut; nong do
amoni ban déu 20 mg/L [17]. Cac diéu kién khao sat bao gom: pH (3+8), thoi gian hap phu (5+120
phut) va nong do amoni ban dau (10-60 mg/L). Céc thi nghiém hap phu dugc thuc hién trén may
lac ngang voi toc do 120 _vong/phut ¢ nhiét do phong. Sau khi hép phuy, lang, li tAm va xac dinh
ndng d6 amoni con lai. Mdi thi nghiém duoc 1p lai 3 14n, 1y két qua trung binh dé danh gia.

2.4. Phwong phdp nghién ciru
2.4.1. Phuong phap xac dinh dac diém, cdu tric cia vt liéu

Phuong phap phd hong ngoai bién dbi Fourier (FTIR): Xac dinh su c6 mat mot s6 nhoém chirc
dic trung cua than dya trén phuong phap do phd hong ngoai bién d6i FTIR (SHIMADZU, Nhat)
V6i viing phd do tir 4000 dén 400 cm-1. Phép do duoc thyc hién tai Vién Ky thuat nhiét doi —
Vién han 1am Khoa hoc va Cong ngh¢ Viét Nam.

Phuong phap hién vi dién tir quét (FE-SEM): Cu trtc va hinh thai hoc cia than dugc quan sat
trén kinh hién vi dién tor quét birc xa truong FE — SEM, Hitachi S — 4800 (Nhat) tai Vién Khoa
hoc Vit liéu — Vién han 1am Khoa hoc va Cong nghé Viét Nam.

Phuong phap xac dinh pH tai diém déng dién tich (pHpzo): De xac dinh pszc cua vat liéu dung
phuong phap chuén d6 do pH véi chét dién ly 1a dung dich mudi NaCl 0,1M & 25°C. Cach tién hanh
nhu sau: Chuan bj cac binh tam giac chira 50 ml dung dich NaCl 0,1 M, diéu chinh pH dung dich
bang axit HCI 0,1 M hozc NaOH 0,1 M d thu dugc cac gia tri pH; twong tmg 2; 4; 6; 8; 10 va 12.
Cho 1 gam vat liéu nghién ctru vao cac binh trén, day kin, khudy tron trong 24 gio. Dé lang, loc va
do gia tri pH goi 1a pHy. Lap do thi sy phu thudc ctia pH; vao ApH (ApH = pH; — pHy) va ct truc
hoanh tai diém ApH;= 0, hoanh d¢ chinh 1a gia tri pH tai diém dién tich khong ctia vat ligu.

2.4.2. Phuong phap phan tich trong phong thi nghiem

Nong do amoni trude va sau hip phu duoc xac dinh bang phuong phap quang phd hip thu
phan tir UV-VIS & bude song 450 nm, dudng chuan y = 0,1053x — 0,0004 véi R?= 0,9991.
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2.4.3. Phuong phdp xi Iy 56 liéu

Dung lugng hip phu dugc tinh toan thong qua phuong trinh (1) va hiéu suat hip phu duoc
tinh toan theo phuong trinh (2).

q= (Co_r:e)v (1); H :@ X 100% )

r o r r b

Trong do: q: dung Iwong hap phu cua vat lieu (mg/g); H: hiéu suat hap phu (%); Co: nong do
amoni ban dau (mg/L); Ce: nong do amoni con lai sau khi hap phu (mg/L); m: khoi lugng chat hap
phu (g); V: the tich dung dich amoni (L). ‘ ) .

S0 Iiéu dugc phan tich bang phan mém Excel, do thi va mo hinh hap phu duogc thuc hién qbﬁng
phan mém OriginPro 2025. S6 liéu trén do thi dugc trinh bay dudi dang trung binh + d6 Iéch chuan.
3. Két qua va thao luan
3.1. Dic diém ciu tricc bé mt ciia vit ligu té hop MFO/ACF

Hinh anh SEM trong Hinh 1 cho thdy hinh thai cua than hoat tinh (ACF) c6 hinh dang khong o
rang, tro va c0 it 16 rong (Hinh la). Nguoc lai, bé mat cua vat liéu t6 hop MFO/ACF hién thi cac
hat phan xa nho phén tan khong déu trén mot chat nén min va x6p (Hinh 1b). Hinh anh SEM ciing
cho thay vat liéu t6 hop c6 hinh dang r6 rang hon (chu yéu la dang hinh que x&p chong 1én nhau).
Diéu nay chi ra rang qua trinh t6 hop da tao di€u kién cho cac hat MnFe,O4 bam dinh vao bé mat
cua than hoat tinh, tao ra vat li€u t6 hop c6 nhiéu 16 rong, d6 x0p tang 1én va bé mat min hon.

2.00um | IMS-NKL 5.0kV 5.3mm x20.0k SE(M)

Hinh 1. Hinh anh SEM ciia ACF (a) va vt liéu t6 hop MFOJACF (b)

Két qua phan tich phd FTIR cua than hoat tinh tir vo ca phé (ACF) trén Hinh 2a cho thay trén
bé mat ACF xuat hién dao dong tai vi tri 3447 cm™ twong tng Véi lién két ciia O-H, dao dong tai
vi tri 2923 em™ twong wng Véi lién két ciia C-H [18]. Dao dong & cac vi tri 1627 cm™; 1045 cm™
tuong g Vi lién két C-O. Qua trinh bién tinh than di xuat hién nhém -COOH trén bé mat ACF
tai vi tri 1380 cm™ [19]. Két qua trén Hinh 2b cho thy tt ca cac lién két trén ACF déu xuét hién
trén bé mat vat liéu to hop MFO/ACF véi cudng d6 manh hon va cé su dich chuyén sé song.
Trén Hinh 2b ciing cho thay vat liéu MFO ton tai trong compozit MFO/ACF qua dao dong cua
nhém C=0 tai vj tri 1638 cm™ va dao dong ciia nhom O=C=0 (CO, trong khong khi) tai vi tri
2360 cm™ [20], [21]. Ngoai ra con quan sat thiy dao dong tai vi tri 591 cm™ trén vat liéu t6 hop
MFO/ACF, nguon gdc cua dao dong nay dic trung cho lién két Fe-Mn—O trong vat liéu [21]. Két
qua nay cho thdy, vat liéu td hop ton tai & dang lai hoa gitta MFO va than hoat tinh ACF. Bén
canh d6, dao dong ctia nhom COO™ trén MFO/ACF manh hon so v6i ACF, diéu nay c6 thé 1a do
cac nhom carboxylic acid trén than ACF da phan ung véi OH™ trong méi trudng bazo chuyén
thanh cac nhom COO’, do d6 vat liéu to hop MFO/ACF c6 hiéu qua hip phu tét cac ion duong
trong dung dich nhu amoni [22].
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Hinh 2. Phé hong ngogi FTIR ciia ACF (a) va Hinh 3. Do thi xdc dinh diém dang dién pHezc
vat liéu to hop MFO/ACF cua MFO/ACF

Diém ding dién (pHpc) hay con goi la pH cua ion ludng cue, dac trung cho thoi diém ma vat
liéu trung hoa vé dién (dién tich bang 0). Khi gia tri pH cua dung dich < pHezc, bé mat vat liéu
tich dién duong nén hap phu céac anion tét hon. Nguoc lai khi pH cua dung dich > pHezc, bé mat
vat liéu tich dién 4m, két qua hap phu cac cation tét hon [23]. Két qua x4c dinh diém déng dién
pHezc cua vat liéu t6 hop MFO/ACF trén Hinh 3 cho thay bé mat vat liéu to hop c6 tinh axit
(Phpzc = 3,15). Piém dang dién pHpzc 14 co s¢ dé xac dinh gia tri pH tdi uu d6i véi qua trinh hap
phu amoni trong nudc cua vt lidu té hop.

3.2. Khdo sdt mét sé yéu té anh hwéng dén kha nang hép phu amoni cia vit liéu
3.2.1. Anh huong cia pH dén kha ndng hap phu

_ Trong nghién ctru hip phu, d6 pH cta dung dich 1a mot yéu td quan trong vi n6 anh huéng 16n
dén cac dang hap phu chiém uu thé va dién tich bé mat cua chat hap phu trong dung dich [24].
Do d6, pH dung dich amoni da dugc khao sat trong khoang tir 3+8.

20 60

5 H (%) [ IH(%) :
‘ —— / ¢
—8— q (mg/g) e ool T3 (M) I e e = {16
40 /\ I 118
14
40|
— 5 = )
R ¥ 102 € 30 " g
T £ T E
Z o o

10
20 / 20}

/ I / i
10 L] 10}

/l

’—.4 6
ol 0

3 7 p s 7 P 5 10 20 40 60 80 100 120
pH Théi gian hap phu (phat)
Hinh 4. Anh hwong cia pH dén kha ning hdp phy  Hinh 5, Anh huéng cia thoi gian hap phu dén kha
amoni (Nong dé amoni ban dau 20 mg/L, ham nang hap phu amoni (pH = 6; C, =20 mg/L va ham
lwong vat liéu la 0,6 g/L) lwong vat ligu = 0,6 g/L)

Két qua trén Hinh 4 cho thdy kha ning hap phu amoni cua vat liéu t6 hop MFO/ACF c¢6 xu
huéng tang kha nhanh khi ting gia tri pH dung dich tir 3+6, hiéu suat hap phu tang tir 2,46% lén
48,82% va hiéu suit xir Iy amoni cao nhét tai pH = 6 voi H = 48,82%, twong ng véi dung luong
hap phu 14 16,33 mg/g. Tuy nhién, kha ning xir I amoni cuia vat liéu giam manh khi tiép tuc ting
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gia tri pH dung dich 1én (tir 6=8). Diéu nay co thé duoc giai thich nhu sau: Amoni 1a chit ¢ thé
thay doi dang ton tai tuy vao timg mai trudng, trong moi trudng axit dang ton tai cha yéu 1a NH,"
con trong mdi trudng bazo dang ton tai 1a NH; [25], vi vay vat liéu c6 bé mat tich dién am hap
phu amoni tét & méi trudng axit yeu hodc trung hoa. Bén canh do, vat lidu to hop MFO/ACF c6
gia tri pHpzc 1a 3,15 (Hinh 3) cho thay dién tich bé mat caa vat liéu la am khi gia tri pH cta dung
dich 16n hon gié tri pHpzc. Tuy nhién, kha nang hap phu amoni cia MFO/ACF cao nhat ¢ pH = 6
1a do trong méi trudng acid manh ndng do ion H* cao nén ¢o sy hap phu canh tranh cua ion H*
vé6i ion NH," nén tai cac gia tri pH<5 hiéu suat xir Iy amoni cta vat liéu to hop thap. O pH >6,
kha nang hap phu amoni giam manh 13 do sy gia ting ndong dd OH” trong dung dich, bén canh d6
& pH >7 amoni ton tai chu yéu ¢ dang NH; do d6 gia ting dién tich 4m trén bé mat vat liéu nén
lyc hut tinh dién gira b mat MFO/ACF va amoni giam manh. Nhu vay co thé két luan rang co
ché hip phu amoni 1én vat lieu MFO/ACF chii yéu 1a hap phu trén bé mit thong qua luc hut tinh
dién gitra bé mat MFO/ACF tich dién 4m v&i amoni ton tai & dang NH,". Két qua nay ciing twong
tu nhu két qua nghién ciru cua cac tac gia khac di cong b [26], [27]. Do do, pH = 6 duoc sir
dung trong cac thi nghiém tiép theo.
3.2.2. Anh huong cua thoi gian hdp phu va dong hoc qud trinh hdp phu

Két qua anh huong cua thoi gian hap phu dén kha nang hap phu amoni cua vat liéu t6 hop
MFO/ACF duoc thé hién trén Hinh 5. Két qua cho thiy, trong khoang thoi gian tir 5+20 phut dau
kha ning hap phu amoni cua vat liéu ting tuong ddi nhanh, dung luong hap phu ting tir 7,82
mg/g dén 16,31 mg/g va dan 6n dinh trong khoang thoi gian 20+120 phat. Tir thoi diém t = 20
phut dén 120 phut, dung lugng hap phu amoni cua vat liéu to hgp MFO/ACF dao dong nho trong
khoang tir 16,31 mg/g dén 16,97 mg/g va hiéu suat hap phu dao dong tir 49% dén 51%. Két qua
nay ciing phu hop véi thuyét hap phu dang nhiét “khi thoi gian dai thi lwong chat bi hap phuy tich
tu trén bé mat chat hap phu cang nhiéu, tdc d6 di chuyén nguoc lai vao trong nudc cang 16n nén
hiéu qua hap phu gan nhu khong ting va dan dat dén trang thai can bang”. Két qua nay ciing phu
hop véi két qua cua cac nghién ctru khac [17], [27].

Nghién ciru dong hoc hap phu:

Trong nghién ctitu vé dong hoc hap phu thi cic mo hinh dong hoc bac 1 (3), dong hoc bac 2
(4) va phuong trinh dong hoc hap phu Elovich (5) thudong dugc sir dung [28]. Cac két qua nghién
ctru dong hoc hap phu duoc biéu dién trén Hinh 6 va Bang 1.

In (qe - q¢) = Inqe - kit 3

t_ 1 t
q_t_kzqg +qet (4)
.= E .In(L + aBt) (5)

Trong d6: Qe (mg/g) la dung luong hap phu khi dat can bang hap phy; q: (mg/g) 1a dung lu’ong
hip phu tai thoi diém t; ki, k, 1a hing sé toc do; « 1a hang s hap phu tai thoi diém ban dau

(mg/g.ph) va £ hang s6 hip phu (mg/g ph).

14 . (a) Béng hoc bac 1 (b) Bong hoc bac 2 _(c) Elovich

Log (q, - )
)
t/q, (phut.g/mg)
-

0 20 4 60 80 100 120 0 20 4 60 8 100 120 15 20 25 30 35 40 45 50
t (phut) t (phat) Ln (t)
Hinh 6. Phuong trinh déng hoc hap phu bdc 1 (a), bdc 2 (b) va Elovich (c) dang tuyen tinh
cho qud trinh hdp phy amoni cza vt liéu t6 hop MFO/ACF
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Bang 1. Cdc théng sé ciia cde mé hinh déng hoc hap phu amoni bang MFO/ACF

M hinh dng hoc béac 1 M hinh dng hoc béc 2 M6 hinh Elovich Je.exo (MO/Q)
Om,cal l-(l-l R® Om,cal ka R® a Y R?
(mg/g)  (min™) (mg/g)  (a/mg.ph)

4,17 0,0596  0,8804 17,61 0,0165 0,9987 2822 10,3933 0,775 16,97

Két qua nghién ctru cho thiy hé sé twong quan R? ciia cac mé hinh dong hoc béc 1, dong hoc
bac 2 va mo hinh Elovich lan luot 1 0,8804; 0,9987 va 0,775. Diéu nay cho thay, dong hoc hap
phu amoni bang vat liéu t6 hop MFO/ACF dugc mé ta pht hop hon v6i mé hinh déng hoc bac 2.
Bén canh do, két qua tinh dung luwgng hap phu cuc dai theo md hinh dong hoc bac 2 1a 17,61
mg/g, gan voi gia tri thuc nghiém ciia dung lugng hap phu cuc dai hon (16,97 mg/g). Nhu vay,
qua trinh hap phu amoni trén MFO/ACF tuan theo md hinh dong hoc bac 2, nghia 1a tdc d6 hap
phu tai thoi diém t ty I thuan véi binh phuong cua dung lwong hap phu nén téc do hip phu s&
giam dang ké khi hé thdng tién gan dén trang thai can bang. M6 hinh dong hoc bac 2 dya trén gia
thiét giai doan quyét dinh toc do phan tmg 1a giai doan hap phu hoa hoc. Sy hip phu héa hoc nay
¢6 lién quan dén lién két hoa tri dugc hinh thanh tir su gép chung hay trao ddi electron giita ion
NH," va chat hip phu (nhém OH va nhom thé COO™ trén bé mit vat liéu t hop).

3.2.3. Anh huong ciua nong dg amoni ban dau va dang nhiét hdp phy

80 ) 40 Két qua trén Hinh 7 cho thiy nong do
e +q{mg.g:/}//§ |as dung dich amoni ban dau cang cao thi hiéu
t . " SUAt Xtr ly amoni cang giam, nguoc lai dung
a0t p — lwong hap phu amoni lai ting. Két qua nay
3 // “**g  cung phu hop voi phuong trinh (1) va (2). Co

= 30 E
= loS  thé gidi thich nhu sau: khi néng d6 amoni
20! /’/ . ban diu con thip cic trung tim hoat dong
/ trén be mat MFO/ACF van chua duoc lap
° 10 ddy boi amoni nén hiéu suat hap phy cua vat
ol . : . . s liéu cao. Do d9, cang ting nong d6 amoni thi

10 20 a0 40 50 60

NBng 46 amoni ban du (ma/L) hiéu suat hap phu cuia vat li¢u s giam va dén

Hinh 7. Anh huong cia nong dé amoni ban dau dén mot thoi C,hem nao .do khl. cdc trung tam t1_‘en
khd nang hd'p phu (pH = 6, thoi gian hd'p phu 20 phut; d?l duoc Iﬁp dﬁy b61 amoni thi bé mat vat ||éu
ham heong vat liéu 0,6 g/L) t6 hop MFO/ACF sg trd nén bao hoa.

Nghién ciru dang nhiét hdp phu
Céc duong dang nhiét hap phu Langmuir va Freundlich thudng duoc sir dung dé giai thich
qua trinh hip phu ddi véi hé rin — long, dic biét trong cac nghién ctru hip phu cac chat 6 nhiém
mdi trudng. Vi vdy, can bang hip phu cua vat lieu MFO/ACF d6i voi amoni trong méi truong
nudc dugc nghién ctru dya trén mo hinh hap phu dang nhiét Langmuir va Freundlich.

Ce

M6 hinh hip phu ding nhiét Langmuir duoc mé ta boi phuwong trinh: 7= i C. > (6).
e

Trong do: C. la ndng d6 amoni khi dat can bang hip phu (mg/L); Qe la dung luoﬂg hip phu can
bang (mg/q); Qm: dung luong hap phu cuc dai (mg/g); b la hang s Langmuir.

Mo hinh hap phu Freundlich duoc biéu dién bai phwong trinh: q = Ke.C'" (7).

Trong d6, cac hang sb trong mé hinh hip phu Freundlich 1a Ke va n c6 lién quan dén dung
lwong hap phu va cuong do hap phu.

Két qua nghién ctru dang nhiét hap phu duoc thé hién trén Hinh 8 va Bang 2.

Két qua nghién ctru cho thiy, dang nhiét hip phu Langmuir va Freundlich déu phu hop dé
biéu dién cho déng nhiét hip phy amoni bang vat li¢u MFO/ACF thé hién & hé s6 twong quan
tuong mg 1a R* = 0,988 va R* = 0,9817. Tuy nhién, dung lugng hp phu tinh theo mé hinh ding
nhié¢t Freundlich la 9,86 mg/g, gia tri nay khac nhiéu so véi dung lugng hap phu thyc nghiém
(34,93 mg/g) va so v6i mod hinh dang nhiét Langmuir (53,13 mg/g). Do d6, mé hinh ding nhiét
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hip phu Langmuir pht hop hon dé mé ta cho qua trinh hip phy amoni trén vat li¢u t6 hop
MFO/ACF trong nghién ctru nay.

1.2 ~ 1.6
(a) Langmuir

(b) Freundlich

0.8

CJa. (gL)

0.6

T T T T T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
C.(mg/L) Log C_

Hinh 8. Phuong trinh hdp phu dang nhiét Langmuir (a) va Freundlich (b) dang tuyén tinh qud trinh hdp
phy amoni cua vt liéu té hop MFO/ACF

Bang 2. Cdc théng sé ciia mé hinh dang nhiét hap phy amoni

Mo hinh Langmuir Mo hinh Freundlich Oe.expo (MQ/Q)
am (Mg/g) K. R Ke 1/n R
55,13 0,046 0,988 1,785 0,743 0,9817 34,93

So sanh kha ning hdp phu amoni véi cac vat liéu to hop tuong tu, thiy rang vat liéu to hop
ciia chiing toi c¢6 kha nang hap phu amoni cao hon so vdi cac chéat hap phu khac nhu vat lidu nano
Montmorillonite/Fe;O, (dm = 10,48 mg/g) [29], than sinh hoc tir vo ca phé bién tinh bang H,0,
(9m = 12,74 mg/g) [17] va than sinh hoc c6 ngudn goc tir ba ca phé sau khi chiét xuat (q, = 14,48
mg/g) [30]. Hon thé nita, nghién ctru niy sir dung ham luong chét hap phu it hon cac vat liéu
khac (0,6 g/L) va thoi gian hap phu ngén (20 phut).

4. Két luan

Trong nghién ctru nay, vat liéu t6 hop gitta MnFe,O4 va than hoat tinh tr vo ca phé
(MFO/ACF) da dugc tong hop thanh cong bang phuong phap ddng két tua va thuy nhiét, sau do
vt liéu t6 hop duoc sir dung dé khao sat kha ndng hap phu amoni trong nuéc. Két qua nghién
ctiru anh hudng caa mot sb yéu té d&én kha niang hap phu amoni trén vat liéu MFO/ACF cho thiy
vat liéu to hop c6 kha nang hap phu tét nhit & pH = 6 va thoi gian hap phu 1a 20 phut v6i ham
lwong chat hap phu 1a 0,6 g/L. Vé6i nhimg diéu kién téi wu trén, dung luong hap phu amoni cuc
dai cua vat lieu MFO/ACF dat duoc 13 34,93 mg/g. Két qua nghién ctru diang nhiét hap phu cho
thdy, qua trinh hap phu amoni cua vat liéu MFO/ACF tudn theo tot hon mo hinh hap phu ding
nhiét Langmuir, thé hién & hé s6 twong quan R? = 0,988 va dung lwong hap phu cuc dai tinh theo
mb hinh nay 1a 55,13 mg/g (gan so Véi gia tri thuc nghiém 1a 34,93 mg/g). Nghién ctru dong hoc
hip phu thong qua cic mé hinh dong hoc bac 1, dong hoc bac 2 va mé hinh dong hoc hip phu
Elovich cho thdy dong hoc hap phu amoni bang vat liéu t6 hop MFO/ACF duoc mé ta phu hop
hon v6i md hinh dong hoc bac 2 véi co ché hip phu chu yéu 1a hip phu héa hoc. Vit lidu té hop
MFO/ACF hira hen s& 1a mot vat liéu c¢6 kha nang xt Iy méi trudng khé tdt, trong d6 c6 amoni.

Loi cam on

Nghién ctru nay dugc tai trg boi Truong Pai hoc Su pham Ha No6i 2 qua dé tai c6 ma sb
SV.2024.HPU2.03.
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