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Abstract: In this study, electroplating sludge and rice husk were utilized for the synthesis of
photocatalytic material for the degradation of phenols in aqueous environment. The characterization
of the synthesized material was evaluated using EDX, SEM, and FTIR. The results indicated the
presence of C, O, and other elements such as Ca, Si, Ni, Zn, Cu, Al, and Fe along with the porous
structure of the biochar, which contributed to the removal of phenols. The influence of various
parameters, including pH (3-10) and catalyst dosage (0.8 - 2 mg/L), was investigated. The results
showed that after 240 mins of reaction, a degradation effectiveness of 54% was achieved for a
phenol concentration of 20 ppm with the catalytic dosage of 1.5 mg/L under UVC irradiation. This
study offers a flexible and scalable framework for the reuse of electroplating sludge in an
environmentally friendly manner. By repurposing the treated waste as catalyst for phenol
breakdown, the simple technique offers broad adoption while improving sustainability and resource
efficiency.
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Nghién ctru ché tao vt liéu xuc tac quang
tir bun thai ma dién va than sinh hoc tur trau
de xur 1y phenol trong moi truong nude
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Tém tit: Trong nghién ctru nay, bun thai ma dién va triu dugc tan dung dé téng hop vét liéu xuc
tac quang cho qua trinh phan huy phenol trong méi trudng nude. Dic tinh cua vat liéu tong hop
dugc danh gia bang phuong phap nhiéu xa tia X (XRD), phd tan xa ning lugng tia X (EDX), kinh
hién vi dién tir quét (SEM). Két qua cho thdy c6 su hién dién cia C, O va cac nguyén t6 khac nhu
Ca, Si, Ni, Zn, Cu, Al va Fe cing véi cdu tric rong xdp cua than sinh hoc tham gia vao qua trinh
quang xuc tac xir Iy phenol trong nuéc. Anh hudng cua cac yéu té nhu pH (3-10), khéi lugng vat
lidu (0,8-2 mg/L) di dugc nghién ciru. Két qua nghién ctru cho thiy, & diéu kién ti wu cho qua trinh
xir Iy phenol: pH = 7,0, liéu Iuong vét lidu 1a 1,5 g/L, nong d6 phenol 1a 20 ppm, khodng 54% phenol da
duoc xir Iy dudi diéu kién anh sang UV-C sau 240 phat. Nghién ctru ndy mé ra mdt hudng di tiém nang
cho viéc tai ché cht thai cong nghiép va nong nghiép dé tao ra cac vat lidu xir Iy moi trudng.

Tuwr khéa: bun thai ma dién, than sinh hoc, xtc tac quang, phenol.

1. Téng quan

Trong bdi canh cong nghiép hoa va phat trién
kinh t&, viéc xtr 1y chét thai, dic biét 1a cac chat
gdy 6 nhiém hitu co khé phan huy, dang tré
thanh mot thach thirc di voi méi trudng. Phenol,
mot hop chét hitu co duge si dung rong rai trong
nhiéu nganh coéng nghiép nhu san xudt nhyua
(nhya phenolic), thudc trir sau, vat liéu dét, va
dugc pham [1], da va dang gy ra nhiing tac dong
tiéu cuc nghiém trong dén hé sinh thai thuy sinh
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va strc khoe con ngudi. Sy hién dién cua phenol
trong moi trudng nuéce o thé gay trc ché hé than
kinh trung wong, ton thuong gan va thén, dan dén
cac triéu chimg nguy hiém nhu phu phéi va mo
mét [2]. Do d6, viéc tim kiém cac phuong phép
hiéu qua dé loai bo phenol khoi nguén nude thu
hat quan tim céa nhiéu nha khoa hoc. Céc
phuong phap xtr 1y truyén thdng nhu chung cit,
hap thy hay oxy hoa hoa hoc di duoc ap dung
rong rdi voi hiéu qua cao. Tuy nhién, chung
thuong di kém v6i nhuge diém 13 tao ra chit thai
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thtr cap hodc doi hoi chi phi van hanh 16n. Gan
day, trong sd cac phuong phap oxy hoa nang cao
(AOPs), quang xuc tac da tr¢' thanh mét giai
phap noi bat va day hira hen. Nhiéu loai vét liéu
da duoc nghién ciru va tmg dung, bao gdm TiO;
[3], hat nano siéu thuan tir FesO4 (Bazrafshan va
nnk, 2023) hay hat nano ZnO [4]. Tuy nhién, chi
phi san xuét va ché tao ctia nhitng vat liéu nay da
han ché kha nang ung dung rong rai. Dleu nay
dit ra yéu cau cap thiét vé viéc phat trién cac vat
liéu quang xtic tdic mdi, hiéu qué hon va cé chi
phi thap hon.

Mot huéng di day tiém ning 13 tin dung cac
ngudn phé thai cong nghiép va néng nghiép dé
ché tao vat liéu xuc tac. Trong sb d6, bun thai ma
dién (ES) 1a mot ngudn chit thai nguy hai nhung
lai chtra ham luong cao cac kim loai ning c6 tiém
nang lam vat li€u xdc tac (nhu Zn, Fe, Cu). Tuy
nhién, viéc str dung truc tiép ES thuong gip kho
khin do hién tugng két tu, lam giam dang ké hiéu
suat xuc tac. Pé khic phyc han ché nay, chiing
t6i dé xuat két hop ES voi than trau mot phu
pham tir néng nghiép ¢ ciu trac xop va thanh
phan chinh 1 C va SiO,. Su két hop nay duoc ky
vong s& giam thiéu sy két tu ctia ES, tang cudng
kha ning truyén electron-15 tréng, tir 46 nng cao
hiéu suét quang xtc tac. Do viy, nghién ctru nay
tap trung vao viéc tong hop vat lidu xic tac
quang trén co s& bun thai ma dién va than trdu
bang phuong phap hd trg siéu am, sau d6 tng
dung chung nhu mét vt liéu quang xtc tac dé
loai bo phenol. Két qua cua nghién ciu nay
khong chi dong gop vao viée xtr ly hi€u qua mot
trong nhiing chat gy 0 nhiém phd bién ma con
mé ra mot hudng tiép can bén vimg, chuyén doi
chat thai nguy hai thanh vat liéu co gia tri, gop
phan vao muc tiéu phat trién kinh té tuan hoan
va bdo vé mai truong lau dai.

2. Pdi twgng va phwong phap nghién ciru
2.1. Déi twong nghién ciru

Bun thai trong nghién ctru dugc thu thap tur
hé thong xur ly nude thai ciia Nha may Cong ty
C6 phan Cot thép ma kém Thai Nguyén. Triu
duoc thu thap tir cac co sd xay xat & Ha Nogi. Cac

hoéa chét phenol, NaOH va H,SOy sir dung trong
thi nghiém dugc mua tir cong ty Merck, Puec.

2.2. Phuong phap nghién ciru

2.2.1. Phuong phap ché tao vat liéu

Mau léy vé dugc xir ly so bo theo TCVN
6647:2007 (Chat lwong dét - Xur 1y so bo dat dé
phan tich ly - h6a). Mau bun dugc rira sach bang
nudée khir ion dén pH = 7. Sau d6 say kho va bao
quan trong ti polyme dé ding cho cac nghién
ctru tiép theo (ky hiéu 1a ES). Tuong ty trau duoc
rira sach bang nudc khir khir ion va say kho trong
tt sdy & 100°C trong 12 gid. Trau kho duge nung
trong diéu kién khong c6 oxy & 600°C trong 1
gio, san pham thu dwoc ky hiéu 1a RB.

Vit lidu quang xuc tac duoc diéu ché bang
cach tron 60 g bun ma dién (ES) va 30 g than triu
(RB) trong 1L nudc khir ion véi ty 18 khéi lugng
bun ma dién: than trdu 2:1 dé thu dugc hdn hop
bun ma dién/than trau. Hon hop nay duoc khudy
trong 24 gio va sau d6 duoc dat trong bé rung
siéu am trong 1 gio. Sau d6, hon hop duoc loc
bang cach loc chan khong, rira nhiéu lan bing
nude cat, siy kho trong 12 gio ¢ 100 °C, va
nghién dé tao ra vat liéu quang xuc tac (ky hiéu
la ESB) [5].

2.2.2. Phuong phap danh gia dac tinh ly hoa
cua vat lieu

Hinh thai bé mit va thanh phan nhém chirc
ctia vat liéu bun ma, than triu va vt liéu quang
xuc tac ché tao duoc duoc nghién ciru bang kinh
hién vi dién tor quét (SEM-EDX) trén thiét bi
JEOL JSM-6700F va quang phd FT-IR (may
quang phé Nicolet iS50 FTIR).

Trong nghién ciru ndy, ndng do cua cac kim
loai dugc xac dinh bang phuong phap phd miu
kin trong 10 vi song (Multiwave 5000 cua hang
Anton Paar) theo quy trinh tt EPA method
3051A, sau d6 phan tich trén thiét bi ICP-MS
(Agilent 7850 ICP-MS).

2.2.3. Phwong phdp danh gia hoat tinh xiic
tac cua vat liéu

Hoat tinh x0c tac cua vt li¢u dugc nghién
ctru bang cach danh gia su phan huy phenol dudi
anh sang UV budc song 254 nm tir dén Philips
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UVC 8W T8. 750 mL dung dich phenol
(20 ppm) 6 pH 7 duoc tron voi 0,2 g vat lidu xtc
tac quang. Dé dat dugc trang thai can bang hap
phu, hon hop trén duoc khuay trong vong 60
phut trong bong t6i. Sau d6, hdn hop duoc khuay
dudi anh sang chiéu xa va duoc 1y miu sau mdi
30 phut trong vong 240 phat. Dung dich thu
duoc dugc ly tam & 6000 vong/phut, sau d6 loc
va luu trir trong cac lo toi mau. Nong d6 phenol
clia cac mau pha long dugc xac dinh bang may
sac ky Shimazu LC-20A, detector UV/Vis SPD-
20A, cot Crestpak C18S va dung méi pha dong
12 hdn hop clia methanol va nudce khir ion véi ty
1é theo thé tich 14 70:30 duoc bom vao hé théng
v6i luu lugng 0,2 mL/phat. Ngoai ra, anh hudng
ctia pH (tir 3 d&én 10) va liéu lugng chit xuc tac
(0,8 g/L, 1,5 g/L, va 2 g/L) ciling dugc khao sat.
Céc thi nghiém nay duoc tién hanh trong 180
phut, véi mau duoc thu thap sau mdi 30 phut dé
phan tich ndng d6 phenol con lai. Cac thi nghiém
dugc lap lai 3 lan.

3. Két qua va thao luin
3.1. Ddc trung tinh chat cia vit liéu

Két qua phan tich hinh thai bé mit cia ES,
RB va ESB dugc trinh bay trong Hinh 1. Két qua
tor Hinh 1a cho thay, ES c6 cau trac bé mat X0p
va khong déu, bao gdm cac hat két tu v6i két cau
giong nhu bot b1en Trong khi d6, anh SEM cua
than sinh hoc trau (Hinh 1b) cho thay cAu tric
xbp dic trung voi cac 16 rong, canh sac va vach
c6 go tao thanh cac kénh va 16 x6p lién két véi
nhau, c¢6 lgi cho viéc hép phu cac chét 6 nhiém.
Hinh Ic thé hién hinh thai SEM cua vat liéu
composite duoc tong hop bang cach két hop bun
ma dién va than sinh hoc trau voi bé mat khong
dong nhat bao gom ca cac hat min két tu ctia ES
va cac cau trac khung XOp ¢6 t6 chire ciia RB, day
1a cac vi tri chtrc ndng méi cho hoat dong hip phu
hodc xuc tac.

Céc thanh phan nguyén t6 cia vat liéu dugc
xac dinh bang phd EDX. C6 thé thdy ring, O
(45,56%), Al (2,93%), Fe (1,06%), Ni (5,49%)
va Cu (0,76%) chiém phan lon trong ES. Nguoc
lai, than sinh hoc tir trdu chi yéu bao gdm cacbon

(C, 90,3%) va oxy (O, 8,6%). Vat liéu composite
(ESB), dugc tao thanh bang cach két hop ca hai
thanh phan, thé hién cac nguyén té dic trung tir
ca hai vat liéu ban dau véi néng do cao cua C
(13,7%), O (45,71%), Ni (5,01%) va Cu
(0,86%), cho thay sy tich hop thanh cong giita
pha than sinh hoc va bun ma dién. Ngoai ra, két
qua phan tich hoa hoc (Bang 1) khang dinh Ni,
Al va Cu la nhimg nguyén t6 kim loai chu yéu
trong thanh phan bun.

Bang 1. Thanh phan cac nguyén tb
trong bun ma dién

~ .« | Khoilugng | Nguyén Khoi
Nguyén to %) & luong (%)

Mg 2,08 Fe 2,52

Al 8,30 Ni 27,36

Si 0,59 Cu 4,45

Ca 50,45 Zn 4,24

Su xuét hién cua cac dinh nhiu xa sic nét
trén gian dd nhidu xa tia X (Hinh 2a) cho thiy
vat liéu tong hop ESB ¢6 d6 két tinh cao. Pho ndi
bat voi ba dinh chinh tai cac goc 2-theta khoang
31°, 43° va 48° trong d6 dinh (110) tai c6 cuong
d6 manh nhit. Céc pic dac trung tuong ing voi
CuO va NiO ctia bun thai ma dién do d6 rat thuan
lgi cho qua trinh quang xuc tac xur 1y phenol.

Phé FTIR cua ba vat liéu ES, RB va ESB
duogc phan tich dé xac dinh cac nhom chirc ning
bé mat. Két qua phd trén Hinh 2b cho thiy su
hién dién ctia cic dinh dac trung cho nhom
hydroxyl (-OH, 3400-3500), carbonyl (C=0,
1700-1750), lién két cacbon-cacbon cua vong
thom (C=C, 1600) va cac lién két C-O-C hoic C-
OH (1000-1100). Cu thé, phd FTIR cua vt lidu
ES chi ra sy hién dién ciia cac nhom -OH va
C=0, nhung cac dinh nay kém rd nét hon so vai
cac vat liéu khac. Nguoc lai, RB, dugc nung &
600°C, thé hién cac dinh phd rd rang hon, dic
biét 1a cac nhom -OH, C=0 va C=C, cho thay
cAu trac bé mit va tinh chat héa hoc duoc cai
thién. Pang chu y, vat liéu composite ESB thé
hién cac dinh phé manh nhét va ro nét nhat,
ching t6 cac nhom chie ning da duoc ti wu
hoa. Didu nay cho thiy su két hop cta bun thai
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ma dién va than sinh hoc tru di tan dung duogc

cac ddc tinh toi wu cua cd hai thanh phan, tao ra

mot vat liéu co6 kha nang hoat dong tot hon trong
qué trinh xtic tic va xur 1y chat 6 nhiem.

o S 0 oo vy o oo

Hinh 1. Anh SEM ciia bun ma dién (a); than sinh hoc tu trdu (b)
va vat liéu composite tir bun ma dién/than sinh hoc tir trau (c).

3.2. Kha nang phan hiy phenol

3.2.1. Sang loc vt liéu

Két qua danh gia hiéu qua loai bo phenol cta
cac vat liéu tong hop dugc trinh bay trong
Hinh 3. Trong 60 phit dau tién ctia giai doan hap
phu trong bong t6i, noéng do phenol giam nhe &
tat ca cac mau, cho thiy qua trinh hap phu trén

bé mit da dién ra. Pang chu y, vat liéu composite
ESB thé hién kha ning hip phu cao nhat, didu
nay cho théy su hién dién cta nhiéu vi tri bé mat
hoat dong va ai lyc duoc cai thién ddi voi chat
gy 6 nhiém.

Khi dugc chiéu xa (sau 60 phut), tit ca cac
vat li¢u deu cho thay hoat tinh phan huy phenol.
Trong s d6, ESB chimg minh hiéu suit quang
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xuc tic vuot troi nhét, vai ti 18 ndng do phenol
CIC, giam dang ké va dat xap xi 0,2 sau 240
phut. Trong khi do, vt liéu ES chi dat hi¢u qua
phan hay trung binh, con RB cho thay hoat tinh
quang xtic tac han ché. Nhiing két qua nay cho
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Hinh 3. Hiéu qua loai bo phenol cuia cac vat liéu.

3.2.2. Anh huéng ciia pH dung dich

Hiéu qua phan hily quang xuc tac cua phenol
bang vat liéu ESB chiu anh hudng ctia pH va két
qua duoc trinh bay trong Hinh 4. Hiéu sut phan
huy phenol cao nhit trong diéu kién chiéu sang
UV-C dat duoc ¢ pH 7, v6i hidu suat phan hity
1a 48% sau 240 phat. Trong khi d6, ¢ pH 3, hiéu
suét loai bo phenol giam c6 thé 1a do sy hoa tan
cua cac oxit kim loai co6 trong bun ma dién. Xu
huéng tuwong ty cling dugc quan sat ¢ pH 10,
diéu nay co thé duoc giai thich 1a do phenol va

than sinh hoc mang cung dién tich trong moi
truong kiém.

3.2.3. Anh hudng ciia liéu heong xiic téc

Hinh 5 minh hoa anh huéng cua liéu luong
chat xtc tac dén sy phan hay phenol. Két qua cho
thdy hiéu qua loai bo phenol duoc cai thién déng
ké (54%) khi lidu luong ting tir 0,8 g/L 1én
1,5 g/L. Su gia tang nay c6 thé dugc giai thich 1a
do s6 lugng cac vi tri hoat dong trén bé mat vat
liéu ting 1én, din dén viéc tao ra nhidu gbc
hydroxyl va cac loai oxy héa phan trmg khac. Tuy
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nhién, khi liéu lugng tiép tuc duoc tang lén
2,0 g/L, hiéu suat phan hiy phenol lai giam.
Hién tuong nay duge cho 1a do nong do xiic tac
qua cao trong dung dich gdy ra hiéu ing tan xa
va che chian anh sang. Diéu nay lam giam kha
ning hap thu photon ctia vat lidu, tir ¢ han ché
hiéu qua quang xtc tac. Do do, 1,5 g/L duogc xac
dinh 1a liéu luong toi wu dé dat hiéu qua phan
huy phenol cao nhét trong cac diéu kién thir

nghiém.
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Bang 2. Hiéu qua loai bo phenol bang céc vt liéu va phuong phéap khac
Vat liéu Phuong phap Hiéu qua loai bd Tai liéu tham khao
rGO Hap phu 35% [6]
GO Hap phu 63,1% [7]
-FeC,04 2H,0 Quang xuc tac 92% [8]
Ag/TIO; Quang xuc tac 80,6% [9]
ESB Quang xuc tac 54% Nghién ciru nay
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4. Két ludn

Bun thai nganh cong nghiép ma dién va than
triu duoc nghién ctru két hop thanh vat li€u xtc
tac quang hoa nham phan hily phenol trong dung
dich nu6c dudi diéu kién anh sang UVC. Nho sy
hién dién ctia cac kim loai trong thanh phﬁn, vat
liéu nay da dat hiéu suét phan hiy phenol 54%
sau 240 phut, trong diéu kién néng d6 phenol ban
dau 20 mg/L va lidu lugng xuc tac 1,5 g/L.
Nghién ctru nay khong chi chimg minh tiém
ning cia vat liéu composite ma con cung cap
mdt phuong phap kha thi dé nang cao gia tri cua
bun thai cong nghiép, bién n6 thanh mot chat xuc
tac than thién v6i méi truong. Phuong phép dugce
dé xuat khong chi hd trg xir Iy 6 nhiém hiéu qua
ma con thuc déy tai str dung chat thai bén vimng
va kinh té tuan hoan tai nguyén. Tuy nhién, viéc
phan tich co ché xuc tac quang cuia vat liéu ché
tao dugc cung véi viéc danh gia kha nang ung
dung thyc té va d6 6n dinh cta vat lidu dudi anh
sdng mat troi trong moi truong nudce thai phic
tap dé khang dinh tinh kha thi s& duoc tiép tuc
tim hiéu chuyén sau hon & cac nghién ciru tiép
theo.

Loi cam on

,Nghién ciru nay duqc tai trq,béi Pai hoc
Quoc gia Ha Noi trong dé tai ma so6 QG.24.04.
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