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Tém tit
Trong nghién ciru nay, vo cu du nghlén nhuyén dwoc sir dung lam nguyén liéu ban dau va vt liéu
biochar tir tinh dwoe diéu ché bang cdach dong thiy nhiét vo cu au va FeCl,.6H,0. Cdac ky thuat phan tich
phé XRD, FT-IR, EDX, hdp phu va gidi hap phu N hzen vi dién tir quét (SEM) cho thdy da tong hop thanh
cong vat lieu Fe O/Bzochar Qud trinh tong hop vat lieu bangphu"o‘ngphap thiy nhi¢t da tao ra Fe,O phu
lén bé mat biochar. Sy c6 mat cua Fe,0,; da lam tang dién tich bé mdt ciia vdt liéu Fe O/Blochar dang ké
S0 V6i V6 cii du ban dau. Hiéu sudt loal bo Cu?*cua vt liéu dat 89,96% & nong do 50mg/L va pH 6. Qud
trinh hgp phu Cu?* tudn theo mé hinh hdp phu dang nhiét Langmuir va mé hinh dong hoc bdc 2. Két qua
cho thay vat liéu tir tinh Fe 0 /biochar c6 chi phi thap, loai bo Cu*" ra khoi nudc nhanh chong va hiéu qua.
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Abstract

In this study, pureed water caltrop shell is used as the raw, and magnetic biochar composite is prepared
by co-hydrothermal of water chestnut Trapa and FeCl3. 6HZO. XRD, EDX, SEM, FT-IR, Nz-isothermal
adsorption and desorption, and scanning electron microscope (SEM) techniques showed the successful
synthesis of Fe,0 /Biochar composite. Synthesizing the material by hydrothermal method created Fe,O, to
cover the biochar surface. The presence of Fe,O, has significantly increased the surface area of the magnetic
biochar material, which is conducive to the recycling of biochar. Cu** removal efficiency reached 89,96% at
concentration of 50mg/L and pH 6. The Cu’* adsorption process follows the Langmuir isotherm adsorption
model and the second-order kinetic model. The results show that this low-cost magnetic biochar is capable
of removing Cu’* from aqueous solution quickly and effectively.
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1. Pit van dé

Ngay nay, ciing voi su phat trién cua cac nganh
cong nghiép thi ngudn nudc cling bi 6 nhiém hoa chat
ning né. Theo sb liéu thong ké ctia B6 Tai nguyén
va Mdi truong, ty 1¢ cac khu cong nghié¢p co6 tram
xtr Iy nuée thai tap trung chi chiém 66%, nhiéu khu
cong nghiép da di vao hoat dong ma hoan toan chua
trién khai xdy dung hé thong xir Iy nudc thai hodc
c6 nhung khong van hanh, hay van hanh khong higu
qua hodc xudng cap. Trong khi dé, theo wéc tinh co
khoang 70% trong s6 hon mét triéu mét khdi nude
thai hang ngay, dém phat sinh tir cac khu cong nghiép
dugc x4 thang ra nguodn tiép nhan ma khong qua xir
1y (Han, 2021).

Nudc thai tir cac hoat dong san xuét cong nghiép,
chua duoc xir 1y, hodc xtr Iy chua dat yéu cu da thai
ra ngoai moi trudong, khién ngudén nudc bi nhiém
kim loai nang. Copper (dong) 1 mét trong nhitng
nguyén té kim loai ning, gdy nguy hai cho stic khoe
con nguoi. Copper dugc st dung rong rai trong cong
nghi¢p kim loai nhung kim loai nang nay dugc coi la
méi nguy hai vé dgc tinh sinh thai do su tich tu ngay
cang tang cua no trong cac sinh vat va con ngudi.
(Musztyfaga & cs., 2014).

Mot sé phuong phap da duogc sir dung dé loai
bo cac ion copper khdi nudc thai ciia cac nganh
cong nghiép khac nhau, bao gdm trao ddi ion, thim
thau nguoc, két taa, dién phan, chét keo tu polymer,
phuong phap sinh hoa, hap phu va loc mang. Trong
sd @6, phuong phap hap phu c6 mét s6 uu diém so
v6i cac phuong phap khéc, bao gom hiéu qua loai bo
cao, chi phi thép, van hanh dé dang va than thién véi
moi trudng (Tran, 2013; Jain & cs., 2016).

Hién nay, than sinh hoc da dugc phat trién thong
qua qué trinh carbon hoa sinh khdi va sau dé dugc
st dung lam dién cuc dé Tuu trix nang luong va lam
vat liéu hap phu chét khang sinh (Rajendran & cs.,
2019; Zhou & cs., 2021). Tuy nhién, kha ning hap
phu ctia than sinh hoc chura bién tinh thudng kha thap
va nhitng nhuoc diém cta chung nhu kich thude hat
nho va mat d6 thap khién chung kho tach khoi dung
dich chat xur ly. Vatligu tir tinh Fe, O,/biochar khong
chi nang cao kha nang hap phu chat 6 nhiém ma con
c¢6 kha ning thu hdi sau khi hip phu bang cach sir
dung tur truong ngoai (Thines & cs., 2017; Li & cs.,
2020). Shan & cs. dé diéu ché than sinh hoc tir tinh
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bang phuong phap nghién bi cho hiéu suit loai bo
carbamazepine cao (Shan & cs., 2016). Tuy nhién,
lién két gitra F ¢,0, va than sinh hoc rat yéu, gay kho
khan cho viéc dam bao kha nang tai st dung ctia
than sinh hoc tir tinh. Anfar & cs. (2020) da tong hop
Fe,O,/biochar c6 su hd trg cuia vi song dé loai bo cac
dugc pham chong viém khong steroid. Than sinh hoc
bién tinh bing Fe,0, d¢ loai bo Pyridin va Quinolin
(Xu & cs., 2017), hon hop Fe, O, /than sinh hoc tir tinh
duogc di€u ché trong moi trudong muoi nong chay dé
loai bo khéang sinh trong nudc (Liang & cs., (2022).
Do d6, viéc két hop moéi truong tir tinh (Fe,0,) véi
sinh khoi (v6 cu au) khong chi nang cao hi¢u suat
hép phu ma con tan dung dugc nguén nguyén liéu cu
au doi dao, gia thanh thap, c6 thé mo rong kha ning
g dung cua vt liéu trong linh vuc hap phu dé xur
Iy méi truong.

Trong nghién ctru nay, vat liéu tir tinh Fe O,/
biochar c¢6 ngudn gbc tir vo cu 4u da duoc didu ché
bang phuong phap thuy nhiét va sau d6 duogc sir dung
1am chat hap phu dé loai bo Cu?* khoi nude. Cac tinh
chit hoa 1y cua vat li€u dugc khao sat béng cac phé
XRD, FT-IR, EDX, SEM va BET. Kha ning hip phu
ion Cu?* trong moi truong nudce cia vat li¢u tur tinh
Fe,O,/biochar trong cac diéu kién khac nhau nhu
pH cua dung dich, thoi gian hap phu ciling da dugc
nghién ctru, dong thoi dudng dang nhiét hip phu va
d6ng hoc hip phu ciing duoc ap dung dé nghién ctru
cac dic tinh hip phuy.

2. Nguyén liéu va phuwong phap nghién ciru

2.1. Nguyén liéu

Trong nghién ctru nay, ngudn vo ci au duoc
ldy & huyén Lap Vo - Pong Thap, sau khi da loai bo
phan xo, rira sach bang nuéc nhiéu lan, phoi kho vo
cli 4u & ngoai trdi trong 2 ngay dudi anh ning mat
trdi va nghién nhuyén thanh bot, sau d6 siy kho bot
nay & 105°C dén khéi lwong khong doi, cho vao binh
bao quan ding 1am ngudn nguyén li¢u ban dau goi 1a
bot vo ¢t du (VA).

2.2. Hoa chat

Cac hoa chat st dung trong nghién ctru déu
1a héa chat phan tich dugc sir dung ma khong can
tinh ché nhu: hydrochloric acid (Merck), sodium
hydroxide (Merck)), iron (III) chloride hexahydrate
(Merck), Dung dich chuan Cu?* (Merck).
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2.3. Phuong phap diéu ché

Hoa tan 16g FeCl,.6H,O trong 50mL nu¢c cét,
thém 5,0g bt vo cu au (VA) va khuay tur trong 60
phat. Hon hop duoc cho vao binh binh teflon ¢6 thé
tich 100mL dit trong ta sdy. Qué trinh thuy nhiét
dugc thyc hién ¢ nhiét do 180°C trong 12 gio. Sau
do d@é ngudi mau dén nhiét 4o phong, dem loc qua
gidy loc ¢6 kich thude 110 pm dé lay chat rén, rira
lai v6i nudce cat nhidu 1an dén moi truong trung tinh,
thu duoc chét ran. Say kho chét rin & 60°C trong 12
gior duoc vat liéu hap phu Fe O,/Biochar vo cu 4u (ky
hi¢u la BC-Fe,0,).

2.4. Cac phuwong phap dac trung vat liéu

Nhiéu xa tia X (XRD) duoc ghi trén thiét b
EMPYREAN cua PANalytical véi tia phat xa Cu-
Ko cong suat 5 KVA, goc quét tir 10°-70° nham xac
dinh cdu trac tinh thé cua vat liéu. Phé EDX duoc do
trén thiét bi H7593. Anh SEM duoc chup trén thiét b
S-4800. Ph6 FT-IR dugc ghi trén may IR Affinity-18,
Shimadzu, Japan. Dién tich bé mat riéng dugc xac
dinh qua chyp BET trén may Micromeritics Tristar
3000 Instrument (USA) ¢ nhiét 6 T = 37,35 K.

2.5. D4nh gid sy hap phu ciia vat li¢u diéu ché

Cho 0,1g BC-Fe,O, vao 50mL dung dich Cu**
O cac nong do va pH khac nhau. Khuay tron hon hop
trén may lic toc do 150 vong/phut ¢ nhiét d6 phong
trong cac khoang thoi gian khac nhau. Sau qua trinh
hép phu, vt ligu hép phu duogc loc tach va do n6ng
d6 Cu?* con lai trong dung dich loc bang pho AAS-
600 (My).

Hiéu suét hap phu H% va dung luong hip phu
q, (mg/g) tai thoi diém t dugc tinh theo cong thirc (1)
va (2). Dung luong hap phu tai can bang, g, (mg/g),
duogc tinh bdi phuong trinh 3.

HY% = M_ 100 (D)
Co
_(C-C)V
Ge =" ©)
_ (CO - Ce)- V
Ge = ——— (3)

Trong d6 C (mg/L) la ndng do cua Cu®* ban
dau; C, C, (mg/L) 1an lugt 1a ndng do ciia Cu’* tai
thoi diem t (phut), va tai can bang; V' (L) 1a thé tich
dung dich Cu?*; m (g) 1a khéi luong chét hap phy.

2.6. Pang nhiét hap phu
Phuong trinh dang nhiét hip phu Langmuir
dang tuyén tinh:
C, C, 1
=~ + 4
9 D K,-4q,
Trong d6: q,, la dung lugng hip phu cuc dai
(mg/g); K| la hang s6 hap phu Langmuir (L/mg) déc
trung cho ai lyc cua tim hap phu.

Tu g1a tri K, xac dinh dugc tham s6 can bang
R, qua biéu thirc:

1
=1 K,.C, ©)

Trong do: R 1a tham s6 can béng, K, la hing s6
hap phu Langmulr (L/mg) va C_1a nong do ban dau
ctia chat hap phy (mg/L). Tham s6 R, cho biét dang va
ban chét cua qua trinh hap phu dang nhi¢t Langmuir,
cu thé: khong phu hop (R, > 1), tuyén tinh (R, = 1),
phu hop (0 <R, <I)va khong thuan nghich (R, =
O) Do do, tham 5O R, chinhla coso dé Iya chon chat
hap phu thich hop cho hé hap phu.

Phuong trinh dang nhiét Freundlich c6 dang
tuyén tinh

lg(g,) = lg(C ) ()

Trong do: K, va 1/nla cac hang s6 kinh nghiém
Freundlich. Khi gi4 tri n < 1 thi c6 thé du dodn mo
hinh khéng thich hop dé mé ta qué trinh hap phuy.
Néu gid tri n > 1 ¢6 thé du doan rang mo hinh thich
hop dé mo ta qué trinh hip phu ¢ khoang ndng do
nghién ctru. Khi n = 1, qua trinh hip phu 1a khong
thuan nghich.

lg(K;)+—

2.7. Pong hoc hip phu
Phuong trinh biéu kién béc 1:
In(q, —g)=In(g)~ ks  (8)

Trong do: g, va g, (mg/ g) lan luot 13 dung luong
hap phu ta1 thoi diém can bang va tai thoi diém £ k,
13 hing s6 toc d6 biéu kién bac 1 (gidy ' hodc phit l).

Phuong trinh biéu kién bac 2 loai 2:
t t |
4 9. k4.

Trong do: &, , la hang sb toc d6 biéu kién bac 2
(gmg.gidy™)

9)

101



Chuyén san Khoa hoc Tw nhién

3. Két qua va thdo luan

3.1. Tinh chit Iy héa ciia cac biochar diéu ché

Pho EDX ciia mau v6 cti u (VA) va Fe,0,/
Biochar v ¢l du (BC Fe,0,) 6 Hinh 1 cho thay ca ha1
mau déu chira chu yéu C O va CI. Sau khi diéu ché
bang phuong phéap thity nhiét trong diéu kién thich
hop, thénh phan céac nguyép t6 trong mau BC-Fe 0,
c6 xuat hién thém nguyén t6 iron (1,21%) so vdi mau
VA. Su thay d6i hz‘mq luong C va H ctia fezC?}/biochqr
do su dut gay lién két hoa hoc va sy bién doi vat chat
trong biochar vo ¢t 4u. Nhin chung, ham luong iron
tang s€ lam giam ham lugng C va H. Vi vay, iron da
duoc dua vao than sinh hoc.
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b)
Hinh 1. Pho tin xa ning lwong tia X (EDX) ciia VA
(a) va BC-Fe,0, (b).

Pé xéac nhan su ton tai cua cac hat nano Fe,O,
trén biochar, cdu tric pha cia mau VA va BC- Fe, O
dd duoc nghién ctru qua phd nhidu xa tia X (XRD)
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va két qua dugc trinh bay & hinh 2. Két qua cho thay
c6 mot sb peak d‘éc trung trén dudng cong cua EeZO3/
biochar. Gian do XRD cua biochar nguyén chat chu
yéu chira peak carbon (24,14°), con gian d6 XRD
cua Fe,O,/biochar ngoai dinh nhiéu xa & goc 24,14°
con ¢6 thém cac dinh nhicu xa & goc 20: 30,2°; 35,3°;
43,2°;57,3°;62,9°. Bay la cac peak dac trung cho cAu
tric cua v-Fe, O,. Nhu vay, cac hat Fe,O, bam trén
biochar, két qua nay pht hop voi cong trlnh nghién
cuu cia Zhang (2013).
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Hinh 2. Phé XRD ciia miu VA va BC-Fe,0,

Hinh 3 thé hién ph6 FT-IR ctia mau VA va BC-
Fe,0, & viing s6 séng tir 4000 dén 400 cm'. Tir hinh
4 cho thay c6 su khac biét giita biochar bién tinh va
biochar nguyén chat. Pinh yéu ¢ 588,47 cm! duoc
dic trung cho Fe-O cua iron oxide sau khi bién tinh
(Tran & Nguyén, 2019; Zhang & cs., 2013; Qin &
cs., 2011). Pinh ¢ 588,47 cm™' chi xuat hién & phd
cua Fe O,/biochar cho théy viéc dua duogc iron oxide
vao biochar. Cac dai khac nhau trong pho thé hién
su dao dong ctia cac nhém chire trong biochar. Binh
0 3434,19 cm™! va 3442,03 cm tuong ung voi dao
dong kéo gian O-H. Dinh 2954,46 va 2924,13 cm’!
tuong tmg v6i dao dong hoa tri cua lién két ~CH,.
Dai yéu ¢ 1617,33 cm! va 1634,70 cm™ duge cho 1a
do dao dong kéo gian C=0 cua este trong lignin. Cac
dinh yéu ¢ 1502,52 cm! va 1460,14 cm! twong (mg
v6i d6 gidn C=C trong lignin. Dai hip thy & 1158,27
cm™ va 1275,08 cm! twong ung vdi dao dong hoa
tri cua lién két —C—C, 1034,83 cm! va 1032,05 cm’!
¢6 lién quan dén sy kéo gidn cia CO trong cellulose,
hemicellulose va lignin. Cac dinh yéu 6 877,50 cm™,
874,73 cm, 711,75 cm! ¢6 lién quan dén su kéo dai
ctua C-C va C-C-C trong xenlulozo.
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106 Sau khi xac nhan sy hi¢n di¢n cua cac hat Fe,O,
trong vat liéu tong hop, su sap xép cau tric cia ching
& quy md hat duoc nghién ciru bang kinh hién vi
dién tir quét (SEM). Nhu duoc hién thi trong cac anh
SEM, bé mit cia mau VA tho, dang thd (Hinh 4a).
Tuy nhién, nhu ching ta thay trong Hinh 4b, di dat
duoc su phan tan tdt cua cac hat Fe,O, trén bé mat
' ' ' ' ' ' ' biochar, c6 cac Fe O, c()’ kich thudc nano dugc hinh
3900 3400 2900 2400 190 1400 900 400  thanh ma khong co sy két tu rd rang so vdi than sinh
S6 song, em” hoc thd (VA).
Hinh 3. Pho FT-IR ciia mAu VA va BC-Fe,0,

1 BC-Fe,0;

90 A

80 A
1634,70

70 A

Do truyén qua T, %

60

3442.03

50

Bang 1. Cac thong s6 dic trung cho tinh chit bé
mit va ciu tric mao quan ciia miu VA va BC-Fe,0O,

Puong kinh
x Thé tich 16 xop  trung binh
2 ~  Z
Mau (m’/g) - Sy (103 cm?/g) cua 10 xop
(nm)
VA 1,023 4,070 21,3211
BC-Fe,0, 84,212 309,000 1,0139

Phan tich dién tich bé mat BET ¢ Bang 1
cho théy dién tich bé mat BET cua Fe,O,/biochar
(84,212 m?/g) tang 1én so v4i bot vo cu 4u ban du
(1,023 m?/g). Thé tich 15 x6p ciia vo cti 4u bién tinh
cling ting. Dién tich bé mat riéng cang 16n thi cang
6 nhiéu vi tri hap phy. Tat nhién, su gia ting dang
a) ké dién tich bé mat riéng co thé thuc day qua trinh
hap phu. Tuy duong kinh 18 x&p trung binh ctia mau
VA 16n hon méu BC-Fe,O, nhung thé tich 16 xdp
cua mau BC-Fe,O, 16n hon rat nhi€u (khoang 76
lan) so v&i mau VA. Tur d6 cho thay, cac hat Fe,O,
phan bo trén khap bé mat vat liéu biochar tao nén
d6 x6p cuia vat lidu va lam tang kha ning hap phu
cua vat liéu.

3.2. Panh gia kha niing hip phu

3.2.1. Anh hwéng cia thoi gian hdp phu

Tir cac két qua ¢ hinh 5, khi tang thoi gian hap
phu thi hiéu suat hap phu ting. Qua trinh hip phu xay
ra nhanh chong trong khoang 30 phut dau tién, sau do
_‘ thi hiéu suat hap phu ting cham lai. Theo d thi, thoi
o ke e ——— 7 diém tir 90 phut trd vé sau, hiéu suat hap phu ting
i khong déng ké. Nhu vay, qua trinh hip phu dat can
bang hay phan tng két thiic dugc chon ¢ thoi diém

b)
Hinh 4. Anh SEM ciia miu VA (a) va 90 pht 1a thich hop nhit va duge giit ¢ dinh cho

miu BC-Fe,0, (b). cc thi nghiém tiép theo.
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Hinh 5. Do thi biéu dién sy phu thudc giira dung
lwgng va thoi gian hap phu Cu* trén BC-Fe,O,

3.2.2. Anh hwéng ciia pH
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Hinh 6. Do thi biéu dién sy phu thudc giira hiéu suit
hap phu va pH dung dich Cu**

Tir két qua thuc nghiém (Hinh 6) cho thay khi
gia tri pH tang tir 3 + 6 thi dung luong hip phu
va hiéu suat hip phu ciing ting nhanh va dat gia
tri cao nhat & pH=6. Két qua trén c6 thé duoc giai
thich, do ion H' ¢6 kich thudc nho hon ion Cu?*
nén dé di vao mao quan cua vat liéu hap phu lam
cho bé mit cua vat liéu hép phu tich dién duong
cho nén lyc tuong tac giita chit bi hip phu va vat
liéu hép phu 1a luc déy tinh dién s€ can tro su tich
tu cac ion Cu?* 1én bé mit vit liéu hap phu. Nhung
néu pH ting cao dan dén méi truong bi kiém hoa,
ndng do OH- ting s& xay ra phan ung tao két tua
Cu(OH),. Két qua thuc nghiém cho thiy cac quy
luat bién ddi trong nghién ciru ctia chiing t6i ciing
pht hop véi két qua ctia cac cong trinh nghién ctru
(Lé & ¢s,2017). Nhu vay, moi trwong pH thich hop
chung t6i chon cho qua trinh hap phy ion Cu?* trén
vat ligu BC-Fe O, 1a pH=6.
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3.2.3. Anh hwéng ciia nong do dung dich Cu?*

Céc thong s vé sy anh hudng ciia ndng do dung
dich Cu?* dén hiéu suat hap phu Cu?* trén vat liéu
BC-Fe,O, dugc trinh bay trong hinh 7.
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Hinh 7. Do thi biéu dién sy phu thudc giira hiéu suit
hap phu va nong d§ dung dich Cu*.

Céc két qua nay cho thiy, khi ting dan nong
d6 Cu?* thi dung lugng hap phu ge ting nhung hi¢u
suat hap phu cia BC-F ¢,0, lai giérn. NguyéI} nhan
la do cung mét lugng vat li€u hap phu, khi nong do
Cu?" thap, cac ion kim loai chuyén dong tu do, cac
trung tim hap phu trén bé mat vat liéu van chua lap
day cac ion kim loai, qué trinh hap phu ion kim loai
chua dat dén trang thai bdo hoa nén hiéu suat hap
phu ting. Nhung khi ndng d6 ion Cu?* ting dan thi
cac trung tam hap phu trén bé mat vat liéu s& dan bio
hoa, cic ion Cu?* va cham nhau lam can tro chuyén
dong nén han ché kha nang hap phy din dén hiéu suat
giam. Tir cac két qua trén, ching t6i nhan thay nong
d6 Cu?* 50 mg/L 1a thich hop dé vat liéu hap phuy vi
& ham luong nay thi ca hiéu suat hap phu va dung
lwong hap phu déu kha cao (H%=89,96% va dung
luong q =22,50 mg/g).

3.3. Pong hoc hip phu va ding nhiét hap phu

3.3.1. Khao sat dong hoc hcfp phu Cu?* trén vit
lieu BC-Fe,0,

Két qua thu duge ¢ bang 3 cho thdy, phuong
trinh biéu kién bac 2 mo ta tot hon phuong trinh biéu
kién béac 1 quy luat dong hoc hap phu ion Cu?* trong
moi truong nué’g bé“mg vat liéu hip ph},l BC-Fe 0.,
Phuong trinh bi€u kién bac 2 véi hé so tuong quan
R? =0,9890. Gia tri dung lwong hip phu can bing
q, tinh toan tir phuong trinh g, (1) = 23,64 mg/g gan
bang v6i 1a g, thuc nghiém la 22,50 mg/g.
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Bang 2. S6 liéu hap phu Cu** trén BC-Fe,O,dugc
bién d6i va biéu dién theo phwong trinh bleu Kién
béc 1 va bac 2

Dung lugng

Thoi gian, C, £ In(q
; hap phu ¢ t/q
hut mg/L : - t
(phut) (mg/L) q, (mglg) q)
0 50,00 0,00 3,11 0,00
15 24,76 12,62 2,29 1,19
30 14,52 17,74 1,56 1,69
45 10,20 19,90 0,956 226
60 8,32 20,84 0,507 2,88
90 5,02 22,50 0,000 4,00
3.50
3.00 {
250 A
7
EQ«' 2.00 -
£ 1.50 | ¢
1.00 - .
0.50 - .
0.00 ; : . ; :
0 15 30 45 60 75 90
Thei gian t, phit
a)
4.000
3.200 -
. 2.400 -
3
1.600 - 2
*
0.800 -
0.000 ; . ; ; ;
0 15 30 45 60 75 90

Thoi gian ¢, phit
b)
Hinh 8. Phuong trinh dong hoc biéu kién bac 1 (a)
va béc 2 (b) khi hip phu Cu®* trén BC-F ¢,0,

Tir d thi xdy dyng dwoc nhu Hinh 9, phuwong
trinh biéu kién nhu trén, tinh duoc hr:ing sb toc do hép
phubéc 2: k£,=0,006 g.mg'.phut . Déng hoc hap phu
Cie* trén BC- Fe,0, phi hop t6t v6i mé hinh dong
hoc biéu kién bac hal hon bac mét ciling da duoc bao
cdo ¢ nghién ciru (Wang & cs., 2022).

Tong hop cac dai lugng dong hoc theo phuong
trinh biéu kién béc 1, bac 2 ta co bang 3.

Bang 3. Cac thong s6 dong hoc theo cac phwong trinh
biéu kién khi hap phy Cu** trén BC-Fe,0,

Phwong  S6 liéu ciia , q,(tt)
trinh phuong trinh (mg/g)
A y =-0,0347x +
Béc 1 2.7929 0,9455 16,33 0,0347
A y =0,0423x +
Béc 2 0.3038 0,9808 23,64 0,006

3.3.2. Khdo sat ding nhiét hap phu ion Cu?* trén
vat ligu BC-Fe,O,

Tirbang 4 cho thiy, mé hinh Langmuir va mo hinh
Freundlich d&u c6 hé s twong quan R? kha cao, chimg
to qué trinh hap phy Cu?* trén BC- Fe,0, tuan theo ca
hai mo hmh nay Giatriq Langmulr la 27,32 mg/g
va hang s6 hip phu Langmulr K, 1a2,63 L/mg. Gia tri
R, thé hién syr ura thich hap phy t1nh toan thu duoc R, =
0, 008 chu’ng to sy hip phu Cu?* thuan loi xay ra do gia
tri nay nam trong khoang tir 0 va 1. Bén canh do, gia
tri n_ trong phuong trinh Freundlich 1a 8,97 nam trong
khoang tu 1 + 10, 1a khoang thuan loi cho su hép phu,
ching t6 BC- Fe O, la vat liu hap phuy tot Cu?".

0.6
.
0.5 -
y =0.0366x +0.0139
2 _
3 04 R?=0.989
=
=
Z 0.3
Q
0.2
0.1
0 +* T T T
0 5 10 15 20
C.(mg/L)
a)
1.6
1.5 A
-~ .
=
% 1.4 - y=0.1115x + 1.0258
- R?=0.9471
1.3 A
1.2 A
LS
1.1 A
1 T T T T T
-1.444 -0.944 -0.444 0.056 0.556 1.056 1.556
Ig(Co)
b)

Hinh 9. Pwong biéu dién q,/C, theo C valg(q)
theo Ig(C) cho sw hip phu Cu2+ theo phlro'ng trinh
Langmuir (a) va theo phwong trinh Freundlich (b)
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Bang 4. Cac thong s6 hiap phu Cu?* trén vit liéu
BC-Fe,O, theo mo hinh Langmuir va Freundlich

Mo hinh Freundlich
y=0,1115x + 1,0258
0,9471; n,= 8,97
K.=10,61

Mé hinh Langmuir

y =0,0366x + 0,0139

R*=0,9890; ¢ =27,32 (mg/g) R*=
K =2,63

Céc két qua thu dugc cho thiy phuong trinh
Langmuir c6 hé sb tuong quan tot hon so véi trong
phuong trinh Freundlich, chimg t6 mé hinh dang nhiét
hap phu Langmuir thich hop voi qua trinh hép phu
Cu’* trén BC-Fe,0, hon mo h1nh dang nhiét hap phu
Frendlich. Cac nghlen ctru vé& hap phu ion kim loai
nang trong moi trudng nudc bang vat liéu hap phu noi
chung hay ché tao tir biochar noi riéng hau hét ciing
tuan theo m hinh dang nhiét hap phy Langmuir (L&
& cs.,2017; Wang & cs., 2022). Tu viée so sanh dung
lu:orng hép phu ion Cu?* q,,, , cua vat liu BC-Fe, O,
voi cac vat liéu hap phu khac (Bang 5) két qua cho
thdy hiéu qua hap phu cua vat liéu hap phu tur tinh
Fe,O,/biochar tir vo cu 4u c6 hiéu qua hip phu tuong
duomg hay cao hon so v6i chit hap phu c6 ngudn gbc
biochar khac (rom ra, tro triu, than bun).

Bang 5. Dung lwong hip phu Cu?* trén BC-Fe,O,
so v6i cac vat liéu khac

Dung lwgng hép phu cuc dai

Vit li¢u hip phu (qmax, mg/g)

BC-Fe O, 27,32 (trong nghién clru nay)
Than bun 7,12 (theo Tran & Lé, 2012)
Tro triu 21,19 (theo Pang & Vii, 2020)

Biochar rom ra 30,70 (theo Wang & cs., 2022)

4. Két ludn

Trong nghién ctru nay, chung toi su dung
phuong phap thiry nhiét dé diéu ché vat lidu hap phu
tir vo ¢t 4u (BC- -Fe,0,) c6 kha nang hap phu tot Cu*
trong nudc. Vat lleu BC-Fe 0, co bé mat xop, co
dién tich bé mat riéng lon 84,212 m%/g, xuét hién cac
hat Fe,O, hinh cau gan trén bé mit biochar vo ¢t du
nén kha nang hap phu Cu?* rét cao. Két qua hép phu
Cu?* cho thiy voi thoi gian dat can bang hap phu la
90 phiit thi dung lugng hap phu thuc nghiém 1a 22,50
mg/g & pH 6. Quy luat dang nhiét hap phu Cu?* trén
vat lieu BC-Fe,O, tuén theo phuong trinh dang nhiét
Langmuir v6i gia tri gmax 1a 27,32 (mg/g). Dt li¢u
dong hoc cuia qué trinh hap phuy rt phu hop v6i mo
hinh dong hoc biéu kién bac 2.
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