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Tém tit
Nghién civu nay trinh bay quy trinh tong hop vit liéu hap phu CuO/biochar tir hat nhén

bang phwong phdp thiry nhiét, nham xir Iy chdt mau methyl orange (MO) trong nwée. Vit liéu
dwoc dic trung bang cdc phwong phap SEM, EDX, XRD, FT-IR va BET. Két qua phdn tich
cho thay CuO dwoc phin bé dong déu trén bé mdt biochar, gép phan lam ting dién tich bé
mdt riéng va kha nang hap phu. Kha nang hap phu ciia vit liéu dwoc khao sdt theo cdc yéu t6:
thoi gian dat can bang hap phu, pH dung dich, nong dé MO va khoi heong chat hap phu. Qud
trinh hdp phy tudn theo mé hinh Langmuir véi dung lwong hdp phu cuc dai dat 227,27 mg/g
tai pH = 3 va thoi gian cdn bang la 90 phiit. M6 hinh dong hoc biéu kién bdc hai phit hop nhdt
voi dir liéu thuc nghiém, cho thcfy qud trinh hcfp phu chiu sy chi phéi ctia co ché héa hoc. Két
qua cho thay CuO/biochar tir hat nhan la vét liéu hdp phu tiém nang trong xit Iy nueGe 6 nhiém
chira phcfm nhuom anion.
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Abstract

This study presents the synthesis of CuO/biochar adsorbent from Dimocarpus longan
(longan) seeds using a hydrothermal method for the removal of methyl orange (MO) from
aqueous solutions. The material was characterized using SEM, EDX, XRD, FT-IR, and BET
analyses. The results confirmed the uniform distribution of CuO nanoparticles on the biochar
surface, significantly increasing the specific surface area and adsorption capacity. Adsorption
performance was investigated on contact time, solution pH, MO concentration, and adsorbent
dosage. The adsorption process followed the Langmuir isotherm model, with a maximum
adsorption capacity of 227.27 mg/g at pH 3 and an equilibrium time of 90 minutes. The
pseudo-second-order kinetic model best described the adsorption behavior, indicating
chemisorption as the dominant mechanism. These findings suggest that CuO/biochar derived
from longan seeds is a promising and environmentally friendly material for removing anionic

dyes from wastewater.

Keywords: CuO/biochar, hydrothermal method, Longan seed, methyl orange.
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1. Gidi thiéu

Than sinh hoc (biochar) la vat liéu carbon xép dugc hinh thanh thong qua qua trinh nhiét
phan cac ngudn sinh khéi hiru co nhu rom ra, g0 vun, phan chuong va phu pham nong nghiép
trong diéu kién yém khi. Véi cac dac tinh n6i bat nhu dién tich bé mat 16n, ciu trac x6p phat
trién, kha ning trao d6i ion tot va chi phi thap, biochar da dugc Gmg dung rong rii trong xir Iy
moi trudng, dac biét 1a xr Iy nude thai chira cac chit 6 nhiém hitu co va vé co (Liu & cs.,
2015; Goncalves & cs., 2018; Lee & cs., 2018; Rodriguez-Narvaez & cs., 2019). Tuy nhién,
biochar chua bién tinh thuong thé hién hi¢u qua hap phu kém ddi véi cac chat 6 nhiém anion
nhu methyl orange (MO), do bé mit ctia biochar tich dién 4m trong diéu kién pH tu nhién (Xu
& cs., 2019; Zhao & cs., 2017).

Dé khic phuc han ché nay, nhiéu nghién ciru gin day da hudng toi viée bién tinh biochar
béng cac hat oxide kim loai nhu MnO-, Fe;Os va dic biét la CuO nham nang cao kha nang hép
phu (Tan & cs., 2016; Liu & cs., 2017). CuO la vat li€u ban dan co6 kha nang tao cac lién két
hoa hoc véi cac nhom chire anion va thuc dy co ché hip phu héa hoc (chemisorption). Sy két
hop CuO véi biochar tao ra vat liéu nanocomposite CuO/biochar c6 hi€u suét loai bo cao ddi
voi phém nhudm, kim loai nang va céc hop chét hiru co trong nudce thai (Tan & cs., 2016; Liu
& cs., 2017; Wei & cs., 2020; Li & cs., 2020). Chfmg han, nghién ctru cua Wei cho théy
CuO/biochar ¢6 thé loai bo dén 98,7% thudc nhudm do hoat tinh 120 (RR120) tir dung dich
nudc (Wei & cs.& cs., 2020), trong khi nghién ciru cua Li va cong su ghi nhdn CuO phan tdn
trén nén biochar tir rom ra gitip ting hiéu qué xtic tac va hip phu phenacetin (Li & cs., 2020).

Trong bdi canh do, viéc tan dung phé thai hat nhan — mét phu pham néng nghiép dbi dao
tai vang Dong bang song Curu Long — dé ché tao biochar va bién tinh vi CuO 1a mot huéng
di tiém ndng, vira gop phan giam thiéu chat thai, vira tao ra vét liéu hap phu hiéu qua va than
thi€n mdi trudng.

Nghién ctru nay diéu ché vat liéu CuO/biochar tir hat nhan bang phuong phép thuy nhiét
va khao sat cac yéu t6 anh huong dén qua trinh hép phu methyl orange trong nudc. Két qua
hudng téi phat trién vat liéu hip phu bén viing cho xir 1y nudc thai chira pham nhudém anion.

2. Nguyén liéu va phwong phap nghién ciru
2.1. Nguyén li¢u

Céac hoa chat st dung trong nghién ctru déu c6 d6 tinh khiét phan tich, bao gdm:
hydrochloric acid (HCI), sodium hydroxide (NaOH), copper(Il) sulfate pentahydrate
(CuSO04-5H:20) va methyl orange (MO). Vat li¢u hat nhan dugc thu thap tr mot khu vuon tai
tinh Vinh Long.

2.2. Phuong phip diéu ché BC-CuO

Hat nhin sau khi thu gom duoc rira sach, loai bo vo, sdy kho & 105 °C trong 8 gio, sau
do nghién min. Trong mdi thi nghiém, 5,0 g bot hat nhin dugc thém vao 50 mL dung dich
CuSOs 280 mg/L va khudy tir lién tuc, pH dung dich dwoc diéu chinh v& 10 bang dung dich
NaOH. Hon hop sau d6 duoc chuyén vao binh Teflon 80 mL, dit trong dng thép khong gi va
xur 1y thuy nhiét & 180°C trong 12 gid.

Sau khi thuy nhiét, san p}lém duoc dé ngudi dén nhiét do phong, loc qua gidy loc 110 pm,
rira nhi€u lan bang nudc cat dén khi dat pH trung tinh, sau d6 say kho ¢ 80 °C trong 12 gio dé
thu dugc vat liéu CuO/biochar (BC-CuO).

2.3. Cac phwong phap dac trung vat liéu
Hién vi dién tir quét (SEM) két hop phd tan xa ning luong tia X (EDX) duoc sir dung dé
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khéo sat hinh thai bé mit va thanh phan nguyén t6 cta vét liéu. Thiét bi sir dung 1a kinh hién vi
dién tir JSM-IT200 (JEOL, Nhat Ban). Pho hong ngoai bién d6i Fourier (FT-IR) dugc thuc hién
nham xac dinh cac nhém chirc hoa hoc trén bé mit vat lidu trude va sau bién tinh. Phé duoc do
& budc song 400-4000 cm ! bang thiét bi IR Affinity-1S (Shimadzu, Nhat Ban). Phan tich nhidu
xa tia X (XRD) dugc sir dung dé xac dinh pha tinh thé va ciu tric tinh thé cia CuO/biochar.
Phép do dugc thuc hién béng may nhiéu xa PANalytical EMPYREAN sur dung buc xa CuKa (A
=1,5406 A) trong khoang géc 26 tir 10° dén 70°. Phan tich ddng nhiét hdp phu-giai hip N2 (BET)
xéc dinh dién tich bé mat riéng, thé tich va kich thudc 18 xSp trung binh cua vét liéu. Thiét bi do
la Micromeritics Tristar 3000 (Hoa Ky), vdi khi N2 ¢ nhiét 46 77 K.

2.4. Panh gia sy hip phu ciia vit li¢u diéu ché

Dé danh gia kha nang hip phu Methyl Orange (MO), 0,04 gam mau vt liéu hap phu
dugc cho vao 100 mL dung dich MO ¢6 nong d6 80 mg/L, diéu chinh pH = 3. Hon hop duoc
khudy trén méay khudy tir voi téc do 500 vong/phut trong 90 phut. Sau qua trinh hip phu, dung
dich duoc loc va néng d0 MO con lai dugc xac dinh bﬁng phuong phap phé hép thu UV-Vis
tai budc song Amax = 464 nm.

Bén canh d6, dé khao sat cac yéu t6 anh huong dén qua trinh hip phu MO trén vat liéu
BC-CuO céc thi nghiém duoc tién hanh nham khao sat cac thong sb chinh bao gom: thoi gian
dat c4n bang hip phu, pH dung dich, lidu lugng chat hap phy, ndong do ban dau cia MO, cing
v6i cac mo hinh dong hoc va dang nhiét hap phy. Cu thé, thoi gian dat can bang dugc khao sat
trong khoang tir 15 dén 150 phut, voi diéu kién hap phu tai pH = 3, sir dung 0,04 g vat liéu
trong 100 mL dung dich MO ¢6 noéng d6 80 mg/L. Anh hudng cia pH duoc danh gia trong
khoang tir 2 dén 7; lidu luong vt liéu hip phu thay doi tir 0,02 dén 0,06 g; ndng d6 ban dau
ctia MO dao dong tir 60 dén 100 mg/L.

Hiéu sut hip phu H% va dung luong hép phu g: (mg/g) tai thoi diém t duoc tinh theo
cong thie (1) va (2). Dung lugng hap phu tai cAn bang q. (mg/g), tinh theo phuong trinh 3.

Hop = LoD 149 (1)
Co
Co—CO.V
qe = % @
_ (CO - Ce)-V
ge = ——"— 3

trong d6 C, (mg/L) 1a nong do cla Cu?" ban dévu; C, C. (mg/L) 14n lugt 1a ndng do cua Cu? tai
théi diém ¢ (phut), va tai can bang; V' (L) 1a thé tich dung dich Cu*";, m (g) 1a khoi luong chat
hap phu.

3. Két qua va théo luin

3.1. Pidu ché v4t liéu hap phy BC-CuO

3.1.1. Anh huong ciia nong dé CuSO..5H>O

Nong d6 dung dich CuSO4.5H,0 va diéu kién thuy nhiét dong vai tro then chdt trong
viéc hinh thanh 16p CuO trén bé mét biochar, tir 46 anh hudng tryc ti€p dén hiéu qua hap phu
cua vat liéu. Bé khao sat anh hudng cﬁa‘néng do CuSO4,'5HzO, 5,00 g bf)t hat nhan duoc ty@n
v61 50 mL dung dich CuS0..5Hz0 c6 nong do tir 240 dén 340 mg/L, diéu chinh pH=10 bang
dung dich NaOH, khudy tir trong 30 phat. Hon hop thu duoc chuyén vao binh Teflon va dem
thily nhiét & 180°C trong 12 gio¢. Sau khi phan tng két thic, san pham dugc loc qua giay loc
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110 pum, rira nhiéu lrﬁn bing nuéce cét’dén pH trung tinh va séy‘khé 0 80°C trong 12 gid dé thu
duoc cac vat liéu hap phu. K&t qua hap phu cia cac vt li€u diéu ché duoc trinh bay ¢ Bang 1.

Bang 1. Anh hwéng ciia khoi lwrgng CuSO4.5H,0 dén dung lwgng hiap phu MO

CuS0.4.5H,0 N@)ng d6 can Dung lugng Hiéu suat hip
(g/L) bang C. (MO) hap phu ¢. phu (%)
(mg/L) (mg/g)
0 60,81 47,98 23,99
240 15,47 161,33 80,66
260 8,25 179,38 89,69
280 4,12 189,70 94,85
300 6,95 182,63 91,31
320 8,87 177,83 88,91
340 10,89 172,78 86,39

Két qua cho thay nguyén liéu tho (biochar tir bot hat nhan) c6 dung lugng hip phu thap
nhat. Khi nong do CuS0..5H:0 ting tir 240 mg/L dén 280 mg/L, dung lugng hap phu MO
tang dan va dat gia tri cuc dai 189,70 mg/g. Tuy nhién, & ndong d6 CuSO4.5H:0 tir 320-340
mg/L, hiéu suat hap phu bat dau giam. Nguyén nhan c6 thé do sy hinh thanh 16p CuO qua day
lam bit kin céc 16 xop, giam dién tich bé mat hiéu dung va kha ning khuéch tan cua phan tir
MO vao vit liéu. Do d6, ndng d6 CuS04.5H0 & mirc 280 mg/L dugc xac dinh 1a diéu kién
t6i wu cho qua trinh bién tinh.

3.1.2. Anh huong ciia nhiét dg thuy nhiét

Céc vat liéu BC-CuO duge tong hop véi cing diéu kién phan (mg nhung thay doi nhiét
do6 thily nhiét trong khoang tir 140°C dén 200°C trong 12 gid nham danh gia dnh hudng ciia
yéu td nay dén hiéu suat hap phu. Két qua dung lugng hap phu MO cua cac mau duoc trinh
bay trong Bang 2.

Bang 2. Dung luong hip phu MO trén cac vt liéu BC-CuO
véi nhiét @6 thuy nhiét khac nhau

Nhiét d6 thuy ~ Nong do6 C, (MO),  Nongddo C.  Dung lugng hp

nhiét (°C) mg/L (MO), mg/L phu (mg/g)
140 80,0 21,12 147,19
160 80,0 10,56 173,60
180 80,0 4,12 189,70
200 80,0 6,22 184,45
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Tir két qua Bang 2, khi ting nhiét do tir 140°C dén 180°C dung luong hép phu ting tir
147,19 mg/g 1én gia tri cyc dai 189,70 mg/g. Tuy nhién, ¢ 200°C, dung lugng hap phu giam
nhe con 184,45 mg/g. Hién tuong nay co thé dugc giai thich do nhiét d6 cao hon thic day qua
trinh két tinh CuO, nhung dong thoi lam ting nguy co két tu hat hodc pha v& ciu triic xdp caa
biochar, dan dén giam dién tich bé mat hiéu dung. Nhu vay, diéu kién thiy nhiét ¢ 180 °C
trong 12 gio, stt dung 5,00 gam bdt hat nhan va 50 mL dung dich CuSO4.5H-0 280 mg/L, diéu
chinh pH = 10, duoc x4c dinh 14 ti wu cho qua trinh téng hop vét liéu BC-CuO véi hidu suit
hép phu cao.

3.2. Két qua vé danh gia mdt sé dic tinh ciia vét liéu

Anh SEM ctia mau bot hat nhan (Hinh 1a) cho thay bé mit vat liéu tho c6 cau trac khong
déng déu, cac khdi vat chét két tu lai v6i nhau, bé mit gf") ghé va khong lién tuc. Piéu nay phan
anh dic diém dién hinh cua vat lidu sinh hoc chua qua xt 1y, véi cu trac dang khdi va phan
b hat khong déu. Sau khi bién tinh bang phuong phap thiy nhiét voi dung dich CuSO4.5H,0
va NaOH, anh SEM cua mau BC—CuO (Hinh 1b) cho théy bé mit vat liéu dugc bao phu béi
cac hat hinh ciu phan bd day dac, kich thudc nano, dugc gan la cac tinh thé CuO. Cac hat CuO
nay bam chic 1én bé mit biochar, cho thiy qua trinh hinh thanh CuO dién ra hiéu qua trong
diéu kién thay nhiét, dong thoi gop phan cai thién dién tich bé mat va tiém niang hap phu cia
vat liéu.
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Hinh 1. Anh SEM ciia (a) bdt hat nhin and (b) BC-CuO, va pho EDX ciia (c) bt
hat nhan and (d) BC-CuO.

Ph6 EDX ciia bot hat nhan (Hinh 1c) cho théy su hién dién chil yéu cua hai nguyén t6
1a carbon (C) va oxygen (O), phan anh thanh phan hitu co tw nhién déc trung cua nguyén liéu
sinh hoc. Trong khi do, phé EDX cua vat liéu BC-CuO (Hinh 1d) xuét hién thém dinh phd dic
trung cua nguyén to copper (Cu), cho thdy su hién dién ctia cic hat CuO sau qua trinh xir Iy
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thiy nhiét voi dung dich CuS04.5H,0 va NaOH. Pinh lwong phé EDX cho thiy ham lwong
carbon trong vat li¢u sau xur 1y tang tir 49,88% lén 66,92%, trong khi nguyén td Cu dat 6,84%,
xé4c nhan CuO di duogc c¢d dinh trén nén biochar. Két qua nay phil hop véi cac quan st tir anh
SEM cho thiy CuO duoc phan bb déu trén bé mit vat licu.

Su phan bd cac nhém chire nang trén bé mat chat hép phu da dugc nghién ctru bﬁng cach
sir dung ph6 FTIR (Hinh 2). Pho FT-IR cua bot hat nhan va vat lidu CuO/biochar (BC-CuO)
cho théy su khac biét rd rét vé sd lugng va vi tri cac dai hép thy, phan anh sy thay doi trong
ciu trac hoa hoc sau qua trinh xtr Iy. O mAu hat nhén, cac dai hip thu xut hién tai khoang
3439,14 cm™ duoc gan cho dao dong kéo gidn ciia nhom hydroxyl (~OH), lién quan dén
cellulose, hemicellulose va lignin c6 trong sinh khéi. Cac peak tai 2924,13 cm™ va 2856,63
cm™ tuong ng véi dao dong hoa tri ciia lien két C—H (sp*), trong khi peak tai 1628,91 cm™
cho dao dong kéo gian C=C trong vong thom. Ngoai ra, cac dinh trong khoang 1057,01 la dac
trung cho céc lién két C-0, peak 1462,07 va 1459,17 cm™ 1a tin hiéu dao dong kéo gidn cua
nhom CH», peak 1383,96 cm™ 1a tin hiéu dao dong kéo gidn ctia nhém CHj; (Daffalla & cs.,
2010).

Sau khi bién tinh, phd FT-IR cta vat liéu BC-CuO van gitt mot sé dai dic trung ban dau,
tuy nhién xuat hién thém cac dai hip thu méi tai 561,30 cm™ va 532,36 cm™, duoc gan cho
dao dong kéo gidn dic trung cia lién két Cu-O, phi hop v6i nghién ciru trude d6 (Varughese
& cs., 2020). Su xuét hién ciia cac dai nay la bang chimg rd rang cho thay sy hinh thanh va
hién dién cua pha CuO trén bé mit biochar. B@)ng thoi, cudong do céc dai hép thu lién quan dén
—OH va C-O ¢6 xu hudng giam nhe, cho thiy kha ning cac nhém chirc nay da tham gia phan
ung voi ion Cu?* trong qua trinh xtr 1y thiy nhiét.

Nhing thay d6i trong phd FT-IR khing dinh rang qua trinh xir 1y da din dén su bién
d6i hoa hoc trén bé mit vat liéu, khong chi tao ra lién két Cu—O ma con 1am giam mat do cac
nhom hydroxyl tu do, tir d6 anh hudong tich cuc dén kha nang hip phu thong qua cic tuong
tac dién tich va phdi tir v6i phan tir methyl orange.

BC-CuO
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Hinh 2. Gian d6 FT-IR ciia byt hat nhin va BC-CuO

Cac chat hip phu duoc phan tich thém bang XRD (Hinh 3). Ph6 nhiéu xa tia X (XRD)
clia miu bot hat nhan cho thiy mot dinh nhiéu xa rong va c6 cudng do thip xuit hién tai
khoang gbc 20 ~ 23°, dic trung cho céu trac carbon v6 dinh hinh. Bot hat nhin sau khi bién
tinh (BC-CuO), phé XRD xuét hién cac dinh nhiéu xa rd nét hon tai cac goc 20 = 32,49°,
35,49°, 58,30° va 61,50°. Cac dinh nay tuong ing véi cac mit phang (110), (-111), (202) va
(—=113) ctia pha CuO don ta (tenorite), phtt hop vé6i dit liéu chuén JCPDS cua CuO (Allwar &
cs., 2022).
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2-Theta
Hinh 3. Gian d6 nhiéu xa tia X ciia bot hat nhin va BC-CuO

Phan tich dang nhiét hip phu—giai hip N (Hinh 4) cho thiy dién tich bé mit riéng (BET)
(Bang 3) cua bot hat nhan trude xtr 1y chi dat 1,0208 m?/g, thé hién dic trung cua vat liéu ty
nhién chua qua hoat héa, v6i cau trac khdi ddc va it 15 xop. Bot hat nhan sau khi bién tinh
(BC-CuO) co6 dién tich bé mit va duong kinh 16 xSp trung binh tang. Su gia tang nay ching
t6 rang qua trinh bién tinh khong chi tao thanh cac hat CuO trén bé mit ma con lam thay d6i
dang ke cAu tric vi md cua vt lidu, mé rong hé thong mao quan va ting sb lugng vi tri hap
phu tiém nang. Tong hop cac két qua tir SEM, EDX, FT-IR, XRD va BET cho thay vat liéu
CuO/biochar dugc tong hop thanh cong véi dic tinh cu trac, hinh thai va hoa hoc phu hop
cho qua trinh hip phu methyl orange trong nudc.

Isotherm Linear Plot
—— Mau Goc - Adsorption
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Hinh 4. Pwong ding nhiét hip phu-giai hip phu N; ciia a) bot hat nhin va b) BC-CuO.
Bing 3. Két qua do BET ciia byt hat nhin va BC-CuO

Ténmau  Diéntichbé  Thétichld Pudng kinh

mit riéng x6p (.10% 18 x6p trung
(m%g) cm’/g) binh (nm)
Bo6t hat 1,0208 1,076 5,383
BC-CuO 85,4853 34,827 22,203
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3.3. Khio sat kha ning hap phu ciia vét li¢u diéu ché
3.3.1. Anh hwong cia thoi gian hdp phu va dong hoc hap phu

Két qua khao sat anh hudng cua thoi gian cho thdy qua trinh hip phu methyl orange
(MO) trén vét liéu CuO/biochar dién ra nhanh trong 15 phut ddu, sau d6 téc d6 hap phu chdm
dan va dat trang thai can br:ing sau khoang 90 phut (Bang 4). Dung lugng hép phu cuc dai tai
thoi diém can bang dat 189,70 mg/g véi hiéu suat loai bo MO 1én dén 94,85%. Su hap phu
nhanh ¢ giai doan dau c6 thé duoc giai thich do sy sin ¢ cua nhiéu vi tri hip phu tréng trén
bé mat vat liu, tao diéu kién thuén lgi cho cac phéan tt MO tiép can va bam Ién bé mat. Khi
qua trinh tiép dién, cac vi tri nay dan bi lép déy, lam giadm sb luwong tdm hoat dong con lai,
ddng thoi hién twong bio hoa lyc hat tinh dién ciing c6 thé lam chim qua trinh hap phy.

Bang 4. Anh hudng ciia thoi gian hap phu dén dung lwong hiap phu MO.

Thoi gian (phut)  C; (mg/L) Dung luong hap phu (¢, mg/g) Hiéu sudt hap phu (%)

0 0 0 0
15 9,32 176,70 88,35
30 7,88 180,30 90,15
45 5,76 185,60 92,80
60 4,48 188,80 94,40
90 4,12 189,70 94,85
120 4,19 189,53 94,76
150 4,25 189,38 94,69

Pé 1am 15 co ché hép phu, cac mo6 hinh dong hoc da dugc ap dung dé phan tich dir liéu
thue nghiém. Két qua cho thdy mé hinh dong hoc biéu kién bac hai mé ta qua trinh hip phu
t6t hon (R2 = 0,999) so v6i md hinh dong hoc gia bac nhat (R? = 0,917) (Bang 5). Gia tri qe
tinh toan theo mo hinh bac hai (192,31 mg/g) gan véi gia tri thuc nghiém (189,70 mg/g), cho
thiy d6 phu hop cao.

6.0 l

5.0 1
4.0 1
3.0 1
2.0 A
1.0 A
0.0 +

—1-0 L] L] L] L]
0 15 60

In(q,-qy)

30 45
Thoi gian t, phit

Hinh 5. Sy phu thudc ciia In(qe — q¢) vao t theo phwong trinh biéu kién bac 1
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Su phu hop ciia m6 hinh dong hoc biéu kién bac hai cho thay qua trinh hip phu MO lén
vét lidu BC-CuO chu yéu tuan theo co ché hap phu héa hoc, lién quan dén tuong tac gitra cac
nhom chure hoat dong trén bé mit v6i phan tir thude nhudm, chang han nhu hinh thanh lién két
ph01 tri hodc trao doi electron (Foo & cs., 2010; Xue & cs. , 2016). Diéu nay phu hop véi dac
diém cia vat liéu sau bién tinh, c6 chira cac tim Cu?* hoat dong bé mat va dién tich bé mit 16n
sau xu ly.

0.6

0.5 1

0.4 4

0.3 1

t/q,

0.2 1

0.1 1

0 15 30 45 60 75 90
Thoi gian t, phit
Hinh 6. Su phu thudc ciia t/q. vao thoi gian t theo phwong trinh biéu kién bic 2

Bang 5. Cac thong s6 dong hoc theo cac phwong trinh biéu kién khi hip phu MO

Phuong trinh S liéu ciia phuong trinh R’ e iy (M/Q) K
Bac 1 y =-0,079x + 4,6425 0,917 103,80 0,079
Béc 2 y =0.0052x + 0.0048 0,999 192,31 0,00563

3.3.2. Anh huong cia lwong chdt hdp phu lén kha nang hap phu MO

Trong nghién ctru nay, khdi lugng vat liéu BC-CuO duoc khao sat trong khoang 0,02—
0,06 g dé hap phu 100 mL dung dich Methyl Orange (MO) c6 noéng d¢ 80 mg/L tai pH = 3,
két qua duogc trinh bay ¢ Bang 6.

Bang 6. Anh hwéng ciia lwgng BC-CuO 1én kha ning hiap phu MO

Luong chét hap phu Nong dd cin bing C, Dung lweng hip phu ¢, Hiéu suit hiap phu

(mg) (mg/L) (mg/g) (%)
0,02 20,92 295,40 73,85
0,03 10,45 231,83 86,94
0,04 4,12 189,70 94,85
0,05 3,81 152,38 95,24
0,06 3,41 127,65 95,74

Tu két qua Bang 6 cho thay, khi ting luong chat hap phu, hiéu suét loai bo MO ting
dang ké, tir 73,85% (0,02 g) 1én 95,74% (0,06g) (Bang 6). Diéu nay dugc ly gidi 1a do su gia
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tdng sb luwong vi tri hép phu hoat dong trén bé mat vat li¢u, giup bét gilt nhiéu phéan td MO
hon. Tuy nhién, dung luong hép phu riéng (qe, mg/g) lai c6 xu huong giam khi luong chat hap
phu ting. Cu thé, q. giam tir 295,40 mg/g (0,02 g) xudng con 127,65 mg/g (0,06 8). Nguyen
nhan c6 thé 1 do hién tuong két ty hat hap phu khi sir dung voi khdi lwong 16n, dan dén giam
dién tich bé mat hiéu dung. Ng0a1 ra, sy chong lap cac vi tri hip phu va canh tranh hap phu
ciing c6 thé lam giam higu suat hap phy tinh theo don vi khéi luong vat licu.

Két qua nay phi hop véi cac nghién ctru trude do, trong d6 cling ghi nhan sy suy giam
dung lugng hap phu riéng khi lwong chét hip phu vuot qua mirc t6i uu (Chaukura & cs., 2017;
Salahshour & cs., 2021). Do do, viéc lya chon lugng vat liéu thich hop 1a rat quan trong nham
dam bao hiéu quéa hip phu cao.

3.3.3. Anh hwong ciia pH dung dich MO

pH 1a mét trong nhitng yéu té quan trong anh hudng dén hiéu qua hap phu, vi no tac
dong truc tiép dén trang thai ion hoa ctia chat hap phu va chét bi hap phu. Két qua thuc nghiém
cho théy hiéu suét loai b6 MO cao nhét dat 95,15% tai pH = 2, sau d6 giam dan khi pH ting
1én (Bang 7). Dung luong hip phu cao nhét ciing dugc ghi nhan tai pH = 2 v6i 190,30 mg/g,
trong khi & pH = 6 dung luong nay giam con 157,78 mg/g.

Bang 7. Anh huwéng ciia pH dén kha ning hiap phu MO trén BC-CuO

Nong d can bing  Dungluong hap phu Hi¢u suit hip phu

PH (€ mgiL) (¢ mgfg) (%)
2 3,88 190,30 95,15
3 4,12 189,70 94,85
4 6,47 183,83 91,91
5 10,12 174,70 87,35
6 16,89 157,78 78,89

Methyl orange la thudc nhudém anion, mang dién tich 4m trong dung dich. O méi truong
¢6 tinh axit (pH thap), bé mit cta vét liéu hip phu CuO/biochar bi proton hoa manh, dan dén
hinh thanh nhiéu dién tich duong trén bé mat. Luc hut tinh dién gitra bé mat tich dién dwong
va cac phan tir thudc nhudém anion s& duoc ting cudng, tir d6 thic ddy qua trinh hép phuy.
Nguoc lai, khi pH ting (mdi trudng kiém), su proton hoa bé mit giam, bé mat vat liéu co xu
huéng tich dién 4m, lam ting lyc day tinh dién giira chat hap phu va MO. Ddong thoi, ion OH-
du thtra trong moi truong kiém cling canh tranh véi MO tai cac vi tri hép phu, khién hiéu suat
loai bo giam 16 rét (Wang & cs., 2023).

Két qua thyc nghiém cho thiy hi¢u qua hap phu MO trén vat liéu BC-CuO phu thudce
manh vao pH cia dung dich. Hi¢u qua hap phu MO dat cao nhat tai pH = 2, tuy nhién pH =3
van cho hi¢u suét trong duong (94,85%) v6i dung lugng hap phu 189,70 mg/g. Do do, pH =
3 duoc chon la dicu kién toi uu, ddm bao hiéu qua cao va phu hgp hon cho tng dung thuc tién.

3.3.4. Anh hwong ciia nong do dung dich MO

Két qua khao sat cho thay khi tang ndng d6 ban dau cia dung dich methyl orange tir 60
mg/L 1én 100 mg/L, dung lugng hap phu cta vt liéu CuO/biochar tang tur 148,48 mg/g 1én
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221,23 mg/g (Bang 8). Su gia tang nay phan anh rang khi ndng d6 chat bi hap phu tang, s0
luong phan tir MO tiép can bé mit chét hap phu ciing ting Ién, lam tang luc thuc day khuéch
tan tir dung dich dén cac tim hap phu, nho d6 nang cao dung luwgng héap phuy.

Tuy nhién, hiéu suat hap phu lai c6 xu huéng giam nhe khi ndong d6 MO ting, cy thé tir
98,98% (¢ 60 mg/L) giam con 88,49% (& 100 mg/L). Hién tugng niy co6 thé duoc giai thich
do sb lugng vi tri hap phu hoat dong trén bé mat vat liéu ¢ gidi han. Khi nong d6 MO qué
cao, cac vi tri héip phu dan bi bdo hoa, khong du dé hép phu hét toan bd lugng chat 6 nhiém c6
trong dung dich, dan dén giam hi¢u suét loai bo.

Biang 8. Anh hwéng ciia nong d9 MO dén kha niing hip phu trén BC-CuO

Néng d6 MO Nong do can bing Dung lwgng hip phu Hiéu suit hap phu

(mg/L) C. (mg/L) q. (mg/g) (%)
60 0,61 148,48 98,98
70 1,22 171,95 98,26
80 4,12 189,70 94,85
90 7,41 206,48 91,77
100 11,51 221,23 88,49

3.3.5. Khdo sdt ddng nhiét hdp phu

Puodng dang nhiét hap phu biéu dién mbi quan hé giita ndng do chat bi hap phu trong
dung dich va dung luong hap phuy trén vat liéu. Trong nghién clru niy, cic mo hinh ddng nhiét
Langmuir va Freundlich da duoc 4p dung dé mo ta can bang hap phu (Hinh 7). Két qua phan
tich cho thdy mé hinh Langmuir pht hop véi dir liéu thyc nghiém tot hon, voi hé sé twong quan
R?=0,9972, cao hon so v6i m6 hinh Freundlich (R* = 0,9767). M6 hinh Langmuir gia dinh su
hap phu don 16p trén bé mat dong nhat, trong khi mé hinh Freundlich mé ta sy hap phu da 16p
trén bé mit khong dong nhét (Fu & cs. , 2015). Dung luong hap phu cuc dai (qm) thu dugc tur
md hinh Langmuir dat 227,27 mg/g, cho thay vat liéu c6 kha ning hap phu manh d6i voi MO.
Ngoai ra, hé s6 khong ddng nhét (ng) 16n hon 1 cho thiy qué trinh hap phu dién ra theo co ché
hap phu vat 1y (Martins & cs., 2015). Tuy nhién, mic d6 phtt hop thap hon ciia mé hinh
Freundlich ciing cho thiy qua trinh hap phu chi yéu dién ra theo co ché don 16p.

0,052 - 2,40

0,042 - 2,35
= 0,032 A 230
2 g 2,25
E 0,022 A 2 2 °
© 0,012 - 2,20 -

é
0,002 T T T T T 2’15 v T L]
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Hinh 7. Péng nhiét hip phu MO trén vt liéu BC-CuO theo phwong trinh
Langmuir (a) va theo phuong trinh Freundlich (b)
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Sy phut hop cao v6i md hinh Langmuir, cing véi dit liéu dong hoc hdp phu béc hai, cho
thdy qua trinh hap phu MO 1én vat liéu CuO/biochar khong chi dién ra tai cac vi tri hap phu
dac hiéu ma con c6 su tham gia cua cac twong tac hda hoc gitia cac nhom chure trén bé mit vat
liéu va phan tir chat mau.

Bang 9. Cac thong s6 hip phu MO trén vit li¢u BC-CuO
theo m6 hinh Langmuir va Freundlich

Mo hinh Langmuir Mo hinh Freundlich

y = 0.0044x + 0.0022 y =0.1258x +2.2082

=0,9972; R°=0,9767,
gn=122727 (mg/g) nr= 7,947
K. =621.103 Kr=161,51

Theo mé hinh Langmuir (Bang 9), dung lugng hap phuy t6i da cia MO trén vat liéu dat
227,27 mg/g & 30 °C. Trong cac nghién ciru trude, kha ning hap phu MO trén mot s6 chat hap
phu tir sinh khdi thuc vat hoat hoa ciing da dugc khao sat. Cu thé, sinh khéi canh Goji sau khi
nhiét phin va hoat hoa bang KOH cho dung lwong hdp phu don 16p tbi da dat 769 mg/g (Guan
& cs., 2023). La dira tho va 1a dira bién tinh bang chat hoat dong bé mit cho thdy dung luong
hap phu don 16p tbi da d6i voi 1an lugt 1a 47,6 mg/g (Kamaru & cs., 2016). Than sinh hoc tir 14
cdy cha 1a dat dung lwong hip phu t6i da 163,132 mg/g (Zubair & cs., 2020). So sanh véi cac
két qua nay, CuO/biochar tir hat nhin thé hién dung luong hap phu cao hon nhiéu loai biochar
khac duoc bao cao trude diy, khang dinh tiém ning ing dung trong xir 1y nudc 6 nhiém pham
nhudm.

4. Két luin

Nghién ciru di thanh cong trong viéc tong hop vat liéu hap phu CuO/biochar tir hat nhan
bang phuong phap thiy nhiét. Két qua phan tich bang cac ky thuat SEM, EDX, XRD, FT-IR
va BET x4c nhén sy hinh thanh 16p CuO phéan b6 déu trén bé mit biochar, gop phan lam ting
dang ké dién tich bé mit va cau trac xOp cta vat lidu. Khao sat qua trinh hap phu cho thiy vt
liéu CuO/biochar ¢ hiéu suit loai bo methyl orange cao, dat dung lugng hép phu cuc dai
227,27 mg/g tai pH = 3 va thoi gian can bémg 90 phut. Qua trinh hép phu tuén theo m6 hinh
Langmuir va dong hoc gia béc hai, cho thdy co ché hip phu chi yéu 13 hoa hoc. Véi ngudn
nguyén liéu ré tién, quy trinh diéu ché don gian va hiéu qua xur ly cao, vat liéu CuO/biochar
tir hat nhin cho thy tiém ning tng dung trong xir Iy nudc 6 nhidm chira phAm nhudém anion.
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