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11. Tém tit cac két qua moi cua luan an:

Bun thai ma phat sinh tir cadc cong doan trong quy trinh ma va bun thai tor hé
théng xu Iy nudc thai ma thuodng c6 chira mot s6 kim loai nang co6 gia tri. Hién nay, bun
thai ma & nudc ta chil yéu duoc xtr Iy nhu chét thai nguy hai bang mét sb bién phap nhu
chon 1ap, thiéu hity, on dinh hoa ran,... Cac bién phap nay khong nhimng khong thu hoi
duogc gia tri tai nguyén tir bun thai ma ma con tiém an nguy co gy 6 nhiém méi trudng,
an toan va suc khoe con nguoi, h¢ sinh thai. Muc tiéu ctia ludn &n 1a nghién ctru dac diém
bun thai tai mot s6 co s& san xuat c6 hoat dong ma trén dia ban ca nudc nham goép phan
cung cép thong tin khoa hoc vé dic diém bun thai ma & Viét Nam; déng thot nghién ctu

kha ning tai ché, thu hoi tai nguyén tir chat thai ndy thong qua viéc thu hoi kim loai c6



gia tri va ché tao thanh vat liéu hap phu, xtc tic quang ung dung xu 1y mot s6 chit 6
nhiém trong nudce thai gia dinh va thuc té.

Két qua nghién ciru mot s6 mau bun thai tai cac co so san xuit cong nghiép cd
hoat dong ma tai Viét Nam chtra ty 1€ 16n cac kim loai ¢6 gia tri nhu Cu, Ni, Cr,... Day
1a nguon tai nguyén hién hiru, cé gia tri thu hdi 1én. Thanh phan va ty 1& xuét hién cac
kim loai trong cac mau bun thai ma khong dong nhat, c6 sy chénh léch giita cic mau
chu yéu do sy khac biét vé& cong nghé ma cua cac co sé san xuit. Két qua phan tich
thanh phan bun thai ma chira nhiéu kim loai ¢ gia tri. Két qua nay ciing phu hop véi
cac nghién ciru vé thanh phan bun thai ma & trong va ngoai nudc da duge cong bd.

Nghién ctru da xay dung quy trinh thu hdi hiéu qua dong trong bun thai ma, trong
d6 diéu kién hoa tach phu hop d6i v6i bun thai ma d6 1a: sir dung dung dich H,SO, voi
noéng do 0,22 M véi ty 1& axit/bun = 6/1 - 12/1, thdi gian hoa tach 6 gid, do du axit trong
qué trinh hoa tach dam bao 0,5 % dé pH dat khoang 3,0 = 0,3; stt dung dung dich
Na,CO; va diéu chinh pH dén diéu kién phu hop (két tia mudi cabonat déng & pH =~ 7)
da mang lai hi€u qua cao trong vi¢c loai bo cac tap cht va thu hoi déng tir bun thai ma.

Nghién ctru thu hdi gia tri tai nguyén tiém tang tir bun thai ma bang cac giai phap
ché vat liéu x{r Iy moi trudng tir bun thai ma, cu thé la:

Nghién ctru viéc két hop than trdu v6i bun thai ma thanh vat liéu hap phu xu ly
nude thai. Vat liéu duoe ché tao c6 clu trac xép va dién tich bé mat riéng 16n (175,22
m?/g), chira cac nhom Cu-O, Ni-O cua bun thai ma va Si-O cua than trdu, cac yéu té
dong vai tro quan trong trong viéc hiap phu MB va CIP. Kha nang xt 1y Ciprofloxacin
(CIP) va Methylene Blue (MB) dat cao nhat (99,89% va 74,96%) tai pH = 8, nong do
dau 2,5 ppm, thoi gian 90 phut va khéi lugng vat liéu CR2.1 13 0,05 g va vat liéu ciing
c6 kha nang hap phu CIP va MB trong miu thai thyc. Véi kha nang hdp phu cao, bun
thai ma c6 thé duoc st dung dé xu Iy moi trudong va méd ra mdt cach tiép can méi dé
tai ché chat 6 nhiém thanh chit hip phu than thién véi méi truong.

Nghién ciru dé xuat 01 quy trinh ché tao bun thai ma thanh chat xuc tac xir Iy CIP va
MB bang cach két hop giira rung siéu am trong 2 gid va xir Iy nhiét. Chat xtic tac thu duoc
sau khi xtr Iy, nung & nhiét d6 350 °C (UB35) cho hiéu suat phan huy CIP khoang 93,87 %
dudi anh saing UV A trong thoi gian 180 phut, pH =9, Cy = 10 mg/L, lidu luong chat xuc tac
1a 1,0 g/L; UB35 c6 do on dinh tt, ¢6 kha nang tai st dung lén dén 4 1an; cac gé)c hydroxyl
(eOH) trong chat xtic tac dong vai trd then chdt dé phan huy CIP. Déi véi MB, chat xtc tac
thu duoc tir bun thai sau khi xir 1y, nung & 500 °C (UB50) cho thay hiéu sudt phan hay MB



cao nhat khoang 98 % dudi anh sang Xenon trong thoi gian 120 phut véi pH = 9, Cq = 20
mg/L, liéu lugng chit xtc tac 1a 1,0 g/L. Ung dung thyc tién di duoc chimg minh v6i miu
nude thai thuc, két qua mo ra giai phap tiém ning, kha thi cho xir Iy nudc thai chira khang
sinh, pham mau.

Pong gop méi caa luan an: Nghién ctru da tim ra quy trinh thich hop dé thu hoi
mubi ddng sunfat tir bun thai ma hiéu qua; tai sir dung dwoc bin thai ma thanh vat liéu
hip phu, xtc tc quang cho qua trinh xur Iy CIP, MB trong nuéc va dé xuat duoc co ché
qua trinh phan hay khang sinh CIP trong nudc bang phan ang quang x(c tac st dung anh
sang den tir ngoai UVA.

12. Cac hudng nghién cau tiép theo

Nghién ctru cac diéu kién ung dung thuc nghiém tai st dung bun thai lam vat liéu
xtr Iy nudc thai gdm: mé rong tmg dung nhiéu hon cic mau bun thai tir cac loai hinh ma
khac nhau; nghién ctru, 1am rd thong tin dinh lugng vé thanh phan c6 tic dung lam xtc
t4c quang trong chat bun thai ma sau khi d duoc ché tao thanh vat liéu; mo rong nghién
ctru ng dung xur Iy v6i cAc mau nudc thai thuc co chira khang sinh va thudc nhudm.

Nghién ctru ing dung mé hinh cong nghé dé thu hoi cac kim loai trong bun thai
ma va tai st dung bun thai ma sau thu hoi kim loai, trong do can tiép tuc bd sung cac
nghién ctru vé chét thai th cap phat sinh trong qua trinh thu hoi kim loai trong bun
thai ma va trong qua trinh st dung vat liéu tai ché tir bun thai ma dé xu 1y nudc thai
trude khi trién khai & quy mo coéng nghiép dé dam bao dem lai hiéu qua vé kinh té,
moi trudng.
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11. Summary of the new findings of the thesis

Electroplating sludge, generated from various stages of the plating process and

sludge from electroplating wastewater treatment systems, often contains several

valuable heavy metals. Currently, in Vietnam, electroplating sludge is mainly treated as

hazardous waste using methods such as landfilling, incineration, and solidification.

These methods not only fail to recover the valuable resources from the sludge but also

pose potential risks to the environment, human health and safety, and ecosystems. The

objective of this thesis is to study the characteristics of sludge from several

electroplating production facilities nationwide, contributing to the provision of scientific

information on the characteristics of electroplating sludge in Vietnam. Simultaneously,

it aims to investigate the potential for recycling and resource recovery from this waste

through the recovery of valuable metals and the fabrication of adsorbent and



photocatalytic materials for the treatment of certain pollutants in hypothetical and actual
wastewater.

The research on several sludge samples from industrial electroplating facilities in
Vietnam demonstrated the potential to recover valuable metals such as Cu, Ni, etc.
These are readily available resources with significant recovery value. The composition
and proportion of metals in the electroplating sludge samples are not uniform, with
differences mainly due to variations in the electroplating technology used by the
production facilities. The analysis of the electroplating sludge composition reveals a
high concentration of valuable metals. This result is consistent with published studies on
the composition of electroplating sludge both nationally and internationally.

The research has developed an efficient copper recovery process from
electroplating sludge, in which optimal conditions for Cu recovery were identified: a 0,22
M H>S0O. solution with an acid-to-sludge ratio of 6:1 to 12:1, leaching duration of 6 hours,
and acid excess of 0,5% to achieve a target pH of 3,0 = 0.3. Copper carbonate was
precipitated by adjusting the pH to approximately 7 using Na>COs solution, providing
appropriate conditions for precipitation and recover copper from electroplating sludge.

Research on recovering potential resource value from electroplating sludge by
developing environmental treatment materials from this sludge, specifically:

Combination of rice husk charcoal with electroplating sludge to create an
adsorbent material for wastewater treatment. The fabricated material has a porous
structure and a large specific surface area (175,22 m2/g), containing Cu-O and Ni-O
groups from electroplating sludge and Si-O from rice husk charcoal, which are important
factors in the adsorption of MB and CIP. The highest treatment efficiency for
Ciprofloxacin (CIP) and Methylene Blue (MB) was achieved (99.89% and 74.96%) at
pH = 8, initial concentration of 2.5 ppm in 90 minutes, and CR2.1 material mass of
0.05 g. The material also demonstrated the ability to adsorb CIP and MB in real
wastewater samples. With its high adsorption capacity, plating sludge can be used for
environmental remediation, opening up a new approach to recycling pollutants into
environmentally friendly adsorbents.

Proposed process for photocatalysts’ synthesizing from electroplating sludge via
ultrasonic irradiation (2 hours) combined with thermal treatment. The catalyst obtained after
calcination at 350°C (UB35) exhibited high photocatalytic degradation efficiency of CIP of
~ 93,87% under UVA irradiation over 180 minutes at pH = 9 and Co = 10 mg/L, using a



catalyst dose of 1,0 g/L. UB35 demonstrated good stability and reusability up to four cycles.
Hydroxyl radicals (*OH) were identified as the key reactive species responsible for CIP
degradation. For MB, the catalyst calcined at 500 °C (UB50) achieved the highest
degradation efficiency of ~ 98% under Xenon light irradiation within 120 minutes at pH =
9, Co = 20 mg/L, and a catalyst dose of 1,0 g/L. Photocatalysts were synthesized from
electroplating sludge via ultrasonic irradiation (2 hours) combined with thermal treatment.
The catalyst obtained after calcination at 350°C (UB35) exhibited high photocatalytic
degradation efficiency of CIP of ~ 93,87% under UVA irradiation over 180 minutes at pH =
9 and Co = 10 mg/L, using a catalyst dose of 1,0 g/L. UB35 demonstrated good stability and
reusability up to four cycles. Hydroxyl radicals (*OH) were identified as the key reactive
species responsible for CIP degradation. For MB, the catalyst calcined at 500 °C (UB50)
achieved the highest degradation efficiency of ~ 98% under Xenon light irradiation within
120 minutes at pH =9, Co = 20 mg/L, and a catalyst dose of 1,0 g/L.

Practical applications have been demonstrated with real wastewater samples, and the
results open up a potential and feasible solution for treating wastewater containing
antibiotics and dyes.

New contributions of the dissertation: The research has found a suitable process
for efficiently recovering copper sulfate from electroplating sludge; reusing the
electroplating sludge as an adsorbent and photocatalytic material for the treatment of CIP
and MB in water; and proposing a mechanism for the decomposition of CIP antibiotics in
water by photocatalytic reaction using UVA ultraviolet light.

12. Futher research directions

Research on experimental application conditions for reusing wastewater sludge
as a treatment material includes: expanding the application to more sludge samples from
different types of plating processes; researching and clarifying quantitative information
on the components that act as photocatalysts in the plating sludge after it has been
processed into a material; and expanding the research to treat real wastewater samples
containing antibiotics and dyes.

Research on applying technological models to recover metals from electroplating
sludge and reuse the recovered sludge is necessary. Further studies on secondary waste
generated during metal recovery and the use of recycled materials from electroplating
sludge for wastewater treatment are required before industrial-scale implementation to

ensure economic and environmental effectiveness.
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