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TOM TAT

Nghién ciru duwoc thue hién bang cach sir dung phuong phdp Taguchi dé
xdc dinh mirc dé anh huong cua cdc yeéu to dén hiéu suat xur Iy do mau ciia
nudée thai dét nhuém. Vét liu nano sdt héa tri 0 (nZVI) va 106 hop nZVI
trén graphene oxide dang khir (rGO/nZVI) duoc sir dung lam xiic tdc cho
phan img Fenton dj thé. Viéc phan tich ANOVA cho thay pH la yeu 16
quan trong nhdt, ~dong gop 55,9% doi v6i nZVI va 92,4% doi voi
rGO/mZVI. Cac yeu 16 khdc nhu liéu luong vat liéu va H:O: ciing co anh
hueong nhung it hon.Véi liéu lwong vit liéu 1000 mg/L, H:0: 1000 mg/L,

PH 3 va thoi gian phan vmg 90 phiit, khi s dung nZV1I thu dwoc hi¢u qua
logi b6 dp mau 84,2% trong lan ddu tién va giam con 56,4% sau sau chu
ky tdi sir dung. Véi rGO/MZVI, hiéu sudt dat dén 96, 2% trong lan dau,

nhung giam chi con 42,1% sau sau lan tdi sir dung. Két qua cho thdy t6
hop rGO/MZVI cdi thién hiéu suat xir Iy do mau so voi nZVI don lé, mdc
du khd nang tai sw dung cia vat liéu 16 hop van can cdi thién.

Tir khéa: Graphene oxide dang khit, nuoc thai dét nhuom, Taguchi,
xuc tdac Fenton, xur Iy mau

ABSTRACT

This study employed the Taguchi method to determine the influence of
various factors on the color removal efficiency of textile wastewater.
Zero-valent iron nanoparticles (nZVI) and a composite of nZVI on
reduced graphene oxide (rGO/nZVI) were used as catalysts in the
heterogeneous Fenton reaction. ANOVA analysis revealed that pH
was the most significant factor, contributing 55,9% for nZVI and
92,4% for rGO/mZVI. Other factors, such as catalyst dosage and H:0:
concentration, also had an impact but to a lesser extent. Using a
catalyst dosage of 1000 mg/L, H:0: concentration of 1000 mg/L, pH
3, and a reaction time of 90 minutes, nZVI achieved a color removal
efficiency of 84,2% in the first cycle, which dropped to 56,4% after six
reuse cycles. Meanwhile, rGO/nZVI achieved an initial efficiency of
96,2% but declined to only 42,1% after six reuse cycles. The results
demonstrate that the rGO/nZVI composite enhances color removal
efficiency compared to standalone nZVI, although the reusability of
the composite material still requires improvement.

Keywords: Color treatment, Fenton catalyst, reduced graphene oxide,
Taguchi, textile wastewater
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1. GIOI THIEU

Dét nhudm 1a nganh san xuat gay 6 nhiém nudc
16n thi hai trén toan cau khi chiém dén khoang 17%
- 20% tong lugng nude thai cong nghiép (Kant,
2011). Nude thai dét nhudm c6 nguy co tr¢ thanh
nguodn gay o nhlem nghiém trong khi c6 chtra thuoc
nhudm, cht tay rira, phenol, kim loai ndng va mubi,
lam téng cac thong s6 nhu pH, nhu cau oxy sinh hoa
va nhu cau oxy héa hoc (Chaurasia et al., 2024).
Nhiing chat nay néu khong dugc xtr 1y trlet dé thi
khong chi gay hai dén méi truong ma con anh huong
dang ké dén doi song thiy sinh (Wei et al., 2020) va
con nguoi khi nhiéu thude nhudm, dic biét 1a thube
nhuém géc azo doc hai va co thé dan dén ung thu
(Chaurasia et al., 2024).

Trong tinh hinh thuc tién d6, quy trinh Fenton di
thé da 1a mot phuong phap diy hira hen dé xir Iy
nude thai dét nhudm. So véi Fenton dong thé, quy
trinh Fenton dj thé ¢6 tinh da dang vé chat xuc tac,
han ché chit doc hinh thanh tir phan ting (Duarte et
al., 2012) va gitip giam khéi Iwgng bun thai phat sinh
tir két toa sat (Bai et al., 2017). Vi€c nghién ctru
duoc thuc hién dé tim klem thém cac xuc tac di thé
cho phan tmg Fenton 12 mot van dé& dugc mo rong
nghién ctru trong nhitng nim gan day.

Hat nano sit hoa tri 0 (nZVI) nhan duoc sy quan
tdm 16n nhd nhiing uu diém nhu dién tich bé mat
riéng 16n, dong hoc va kha nang phan Ung cao
(Xiong et al., 2015). Sét hoa tri 0 duoc coi 1a mot
chat xuc tac hiéu qua di dugc str dung rong rii trong
viéc loai bo kim loai ning (Yao et al., 2016), thudc
nhuom (Naderpour et al., 2013), khang sinh
(Rashtbari et al., 2020) va cac chit 6 nhiém khac.
Tuy nhién, sy rira troi sit khong duoc kiém soat va
su két tu cac hat 1a hai nguyén nhan lam han ché kha
nang tai st dung cua vat liéu (Morshed et al., 2019).
Su két tu cua cac hat nZVI c6 thé xay ra nhanh
chong do sy thay ddi dién tich bé mat, dan dén su
mét 6n dinh cta cac hat keo, lam giam dién tich bé
mat trong cac chét keo tu, do d6 1am giam hiéu suit
xuc tac cua nZVI (Xiong et al., 2015).

Su két tu cta cac hat nZVI c6 thé duoc han ché
bang cach ¢ dinh chiing trén vat liéu graphene oxit
dang khtr (rGO). Masud et al. (2021) da chiing minh
vét liéu rGO duoc bo trg thém hat nZVI (rGO/nZVI)
mang dén hiéu qué loai b chat 6 nhiém hiru co cao
hon nZVI don. Vi viy, nghién ctru nay dugc tién
hanh véi muc dich tiép tuc 1am sang t6 kha nang g
dung vat liéu nZVI va rGO/nZVI nham xtr 1y do
mau trong nudc thai dét nhudém sau qua trinh xtr ly
sinh hoc cia nha may x. Cac thi nghiém dugc b tri
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theo phuong phéap Taguchi dé xac dinh cic thong sé
van hanh thich hop cta phan tng Fenton di thé,
ddng thoi ciing 1am rd muc d6 anh hudng cua cac
thong s6 dén hiéu suat xir Iy d6 mau trong nudc thai.

2. PHUONG PHAP NGHIEN CUU
2.1. Chuin bi héa chit va vat li¢u

Graphene oxit (GO) can duoc téng hop trude khi
dugc dua vao qué trinh khir cung véi mubi sat (I1)
dé tao thanh t6 hop rGO/MZVI. GO dugc tao bing
phuong phiap Hummer cai tién dugc néu trong
nghién ctru ctia (Ha, 2014). Pau tién, 115 mL H>SO4
98% dugc lam sach ¢ nhigt do khoang 0 - 5°C trong
15 phit, str dung nhiét ké TKTECH S-HO03 dé kiém
soat nhi¢t do trong qua trinh tao vat li¢u. Sau d6 5g
bot graphite va 2,5 g NaNO; dugc cho vao va khuay
hdn hop & nhiét do khoang 0 - 5°C trong 30 phit.
Tiép theo, 15g KMnOs dugc thém tir tir vao hdn hop
va duy tri nhi€t d6 khong qua qua 5°C khudy tiép tuc
trong 1 gid dé hdn hop chuyén dan tir mau den sang
mau xanh 14. Ngung lam lanh va gia nhiét hon hop
phan ung 1én 35°C trong 2 gio. Ké tiép, 230 mL
nude cat duge nho giot va giit nhiét do khong qua
80°C trong 15 phat. Khi hdn hgp phan mg chuyén
dan sang mau nau dat tién hanh gia nhiét 1én 95°C
trong 15 phiit. Cudi cing 700mL nude cit va 50mL
dung dich HzO: (30%) duoc thém vao, lac nay hon
hop phan img chuyén sang mau vang nau. Hon hop
dugc khudy trong 15 phut dén khi hdn hop ha vé
nhiét o moi truong, loc ly tam véi toc do quay
5.500 vong/phut, trong 5 phut dé thu liy chit ran
mau vang nau. Chét rin d6 dugc dem rira nhidu lé‘m
bang nude cat, sir dung may do PH 1100 Horiba dé
kiém tra pH nudc rira vat liéu khoang 6 — 7. Khi d6,
thu dugc GO 1a chat ran dang keo c6 mau nau den.

Quy trinh téng hop vat liéu rGO/nZVI dya theo
phuong phap ciia Wang et al. (2014) bang cach tach
16p 0,5 g graphene oxide (GO) vao 250 mL nudc
khir ion chira trong binh ciu ba ¢ bang méay danh
siéu am trong thoi gian 2 gio. Khi N2 dugce suc vao
binh trong vong 30 phut dé loai bo oxy hoa tan. Tiép
theo, 50 mL dung dich chira 4,5 g FeSO4.7H20 dugc
cho tir tir vao va khqu lién tuc. Sau d6, dung dich
chira 6,0 g NaBH. dugc thém vao khudy ¢ 80°C
trong 4 gid, khi N suc lién tyc. San phim ran duoc
loc va rira nhiéu lan bang nuéc khir ion (deionized
water - DI) va ethanol, sdy chan khong & nhiét do
60°C thu duoc chat ran mau den dwoc bao quan
trong binh kin dugc bom khi No.

Quy trinh téng hop nZVI don dugc thyc hién
theo phuong phap néu trong nghién ciru cua Zhu et
al. (2009). bau tién, 8,3406 g FeSO4+.7H20 duoc hoa
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tan trong 24 mL ethanol va thém 6 mL DI. Giir dung
dich sunfat st trén may khudy tir & nhiét d 30°C.
Buret dugc ding dé nho giot 90 mL dung dich chira
3,7830 g NaBH. va duy tri khudy lién tuc. Khi cac
hat mau den bat ddu hinh thanh, tién hanh loc chung
qua gidy loc Whatman s6 3 (c6 kich thuéc 16 loc 6
um) va rira hai 1an bang ethanol. Cubi cting, phan bi
giit lai dugc sdy kho trén gidy loc ¢ nhiét do 50°C
trong 6 tiéng & diéu kién chan khong. Cac hat mau
nau den thu dugc chinh la nZVI.

2.2. Thi nghiém va phuong phap nghién ctru

Trong nghién ctru nay, phuong phap Taguchi
dugc sir dung dé thlet ké thi nghiém nhim diéu
chinh céac thong s dat mirc do tot nhat nham dam
bao mang lai hi€u qua cao trong cac thi nghiém
nghién ctru. Phuong phap Taguchi c6 thé giam thiéu
tong s6 thi nghiém trong khi van dam bao d¢ chinh
xac (Asghar et al., 2014). Cac yéu t6 phan ting duoc
quan tam dén bao gém: pH, thoi gian phan tmg, liéu
lugng vat lidu xuc tac va lidu luong H202. Nhiing
yéu t6 trén duoc nghién ctru véi timg mic do khac
nhau dugc thé hién ¢ Bang 1.

Bang 1. Cac mikc ciia tirng yéu t6

Yéu tb 4 mirc d9
pH 3’0 3,5 4:0 4’5
Thoi gian phan
mephin 002010
Liéu luong vat
liéu (mg/L) 250 500 750 1000
Litulugng H:O= o5, 500 750 1000
(mg/L)

~ Tai Bang 2 trinh bay cu thé cach bd tri cac yéu
to duoc st dung trong nghién curu nay.

Thi nghiém dwgc thyc hién bang cach chira nuéc
thai dét nhudm sau qua trinh xir 1y sinh hoc trong
cac cdc thuy tinh dung tich 500 mL va dugc khudy
tron véi toc do 120 vong/phtt trén thiét bj Jartester.
Thi nghiém dugc 13p lai ba 1an dé dam bao d6 chinh
xac ctia két qua. Nudc thai sau phan timg dugc phan
tich do mau bang may quang do d mau Hanna
Instruments HI97727 (xuat x{r: Romania). Dé tinh
toan phan trim loai bo do mau, cong thirc (1) da
duogc st dung:

(Co — C,).100

H (%) = C
0

(1

Trong d6: H 14 hi¢u S}lét xu Iy do mau (%), Co 1a
d6 mau nude thai ban dau (PCU), C. d0 mau nudc
thai sau phan ung (PCU).
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Bing 2. B6 tri thi nghi¢m kiéu Taguchi

o Liéu Liéu
N H Tll:m glan lugng lugng
P P (l‘;}‘:ﬁ‘g‘g vitligu  H.0:
(mg/L) (mg/L)
1 3 30 250 250
2 3 60 500 500
3 3 90 750 750
4 3 120 1000 1000
5 3,5 30 500 750
6 3,5 60 250 1000
7 3,5 90 1000 250
8 3,5 120 750 500
9 4 30 750 1000
10 4 60 1000 750
11 4 90 250 500
12 4 120 500 250
13 4,5 30 1000 500
14 4,5 60 750 250
15 4,5 90 500 1000
16 4,5 120 250 750

Trong phwong phap Taguchi, mot yéu t tac
dong lén ket qua theo hai hudng: tac dong lam két
qua tién gan dén muc tiéu 14 tin hidu c6 ich (Signal)
va tac dong lam két qua rdi xa muc tiéu 1a "nhiéu"
(Noise). Ty sb "tin trén nhiéu" S/N dai dién cho chi
tiéu hiéu qua, duoc ding dé danh gia va lua chon
tham s6. Bo tham s6 1a tot khi cho S/N 16n, bd tham
s0 toi wru cho S/N 16n nhét (Taguchi, 1987). Dya trén
céc yéu cau ctia phan hoi, Taguchi di chia ty 1& S/N
thanh ba loai, cu thé 1a trung binh cang tot, cang cao
cang tot va cang thip cang tot. Trong nghién ciru
nay, hiéu suét loai bo d6 mau cang cao cang tét, do
d6 cong thire dudi day (2) da duoc sir dung dé tinh
ty 1& S/N:

S/N = —-10log,,(— z—z)

Trong d6: n 1a ) 13p lai thi nghiém, y; 1a gia tri
ham muyc tiéu doi véi mét thi nghi¢m.

)

Qua cac thi nghiém trén s€ lya chon dugc cac
mirc thich hop dé tiép tuc d4nh gia kha ning tai sir
dung cua vat lifu nZVIva to hop rGO/nZVI. Cu thé,
sau qué trinh phan tng 1an dau hon hop nudc thai va
vat liéu duoc loc bang gidy loc véi kich thude 16 1a
6 um dé giit lai phan ran. Sau d6 phan vat liéu nay
duoc st dung lai cho chu trinh tiép theo. Thyc hién
kéo dai 6 chu ky va ciing lip lai 3 1dn dé dam bao do
tin cdy clia két qua.
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2.3. Tinh chét nuéc thai

Nudc théi dét nhudm tai nha may X sau cong
doan xur ly bang bién phap sinh hoc (thu ¢ bé lang
thtr cap) van con d¢ mau cao.

Hinh 1. Nudc thai dét nhudm thu tai
bé lang thir cap

Do mau trung binh 1a 436,3+14,3 PCU (n = 9),
vuot 6 lin gi6i han cta quy chun, chimg t6 nude
thai van s& gay anh huong ti€u cyuc dén moi truong
nudc khi xa thai tryc tiép.

3. KET QUA VA THAO LUAN
3.1. S/N ciia yéu té pH

Két qua ¢ biéu do Hinh 2 thé hién ty 1¢ S/N trung
binh cua yéu t6 pH ddi voi hidu suat xtr Iy do mau,
c6 thé thay khi muic pH ting, hi¢u qua cua hai vat
ligu déu giam. Diéu nay cho thiy rang méi trudng
axit hon 1a diéu kién thich hgp cho qua trinh xuc tac
clia nZVI va rGO/MZVI. Méi truong tré nén kiém
hon s€ lam giam muc d§ hoat dong cua ca hai chét
tham gia trong qua trinh phan rng Fenton, d6 1a 1am
mat On dinh ctia hydro peroxit va hinh thanh két tia
FeOOH trén bé mit vat lidu sat (Morshed et al.,
2020). Sy #n mon cua Fe® cia nZVI ciing bi han ché
boi lugng ion H' trong nude khong du, dan dén tac
nhan oxy héa «OH giam di do thiéu hyt Fe** tir nZVI
(Haneef et al., 2020; Plaza et al., 2021).

---@---nZVI —4&— rGO/nZVI

40 1
38

~~o
~~o

pH

Hinh 2. Ty 1§ $/N trung binh ciia yéu to pH doi
véi hi€u suat xir ly do mau
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O moi truong axit nhat (pH 3), ca hai vat liéu déu
thé hién hiéu qua xu ly d6 mau tot nhat. Két qua
nghién ctru phu hgp voi thi nghiém str dung Fenton
di thé phan hity hop chat atrazine cua Plaza et al.
(2021) va phan hily Methylen Blue ciing xay ra tot
nhit & pH 3 trong nghién ciru ctia Yang et al. (2015).
Ngoai ra, c6 thé the‘iy ¢o su khac biét trong hiéu suat
xir 1y 9 mau giita nZVI va rGO/ZVI dudi cac dicu
kién thi nghiém khac nhau. Déi v6i nZVI c¢6 su suy
giam hiéu suat twong d6i déu khi pH ban dau ting
1én, con véi td hop rGO/MZVI ¢6 do chénh 1éch it
hon giita mic pH 3 va pH 3,5 ciing phan nio thé
hién khoang pH hiéu qua ciing dugc md rong khi co
su gop mat cua rGO. Tuy nhién khi muc pH tu 3,5
tang 1én 4, hiéu qua loai bo do mau khi sir dung vat
lidu t6 hop giam di rd rét. Qua két qua thé hién &
trén, pH 3 thich hgp cho thi nghiém tai sir dung vat
liéu.

3.2. S/N ciia yéu t6 thoi gian phan ing

Ty 1& S/N tir két qua thi nghiém sir dung nZVI
tang dan khi thoi gian phan tmg kéo dai tir 30 phit
dén 90 phut va sau d6 giam lai ¢ 120 phat (Hinh 3).
Trong khi d6, vat liéu rGO/nZVI cho thdy ty 1& S/N
6n dinh hon qua va ciing c6 xu huéng giam nhe khi
tang tir 90 1én 120 phat (Hinh 3). Bé 1y giai hién
tugng do mau tang trd lai 1a do cac chét trung gian
c6 mau dugc hinh thanh boi su phan huy khong hoan
toan ciia cic hop chat hitu co theo thoi gian.
Mijangos et al. (2006) da xac dinh hop chat
quinhydrone va phirc sit c6 mau sam khi str dung
Fenton phan hdy phenol, qua d6 giai thich hién
tugng twong ty trong nghién ctru nay.

40 - ---@---nZVI —4&— rGO/nZVI

38 1

36 4 “‘—‘\‘
EE o - .

24{ e

30 A

28 T T T |

30 60 90 120

Thoi gian phan ung (phut)

Hinh 3. Ty 18 S/N trung binh ciia yéu té thoi
gian phan g doi v6i hiéu suét xir Iy d9 mau
Phan (g xay ra nhanh c6 thé 1a do kha ning sinh
ra lugng 16n gbc hydroxyl (*OH) trong giai doan dau
phan tmg véi H>0: (Yang et al., 2015). Qua két qua
trén, thoi gian phan ung dugc chon la 90 phut cho
thi nghiém tai sir dung vat li¢u.
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3.3. S/N ciia yéu t6 liéu lwgng vat li¢u xiic tac

Mbt yéu té quan trong khac 1a liéu lugng vat liéu
xuc tac. Lugng chét xtc tac cao hon ¢6 loi cho hiéu
qua cua qua trinh Fenton, déc bi¢t khi st dung chét
xuc tac di thé gbc sét, nhung vugt qua mot mirc nhat
dinh, n6 ciing c6 thé tac dong tiéu cuc khi ty tiéu thy
céc gbc *OH (Chen et al., 2015; Divya & Renuka,
2015).

------nZVl —4&— rGO/nZVI

40

38

36 A—h— ﬂ/’_:
a9 o

24 S

30 o

28 4 . . . .

250 500 750 1000

Liéu luong vét liéu (mg/L)

Hinh 4. Ty 18 S/N trung binh ciia yéu t6 liéu
lwgng vit liéu doi véi hi€u suat xir ly dé mau

Két qua tir Hinh 4 cho thay khi liéu lugng nZVI
tang tir 250 mg/L dén 1.000 mg/L, ty 1& S/N cua
nZVI ting dan déu, ching to rang hidu suét xir ly do
mau cang tang khi tang lugng vat liéu xuc tac. Ty 1€
S/N trung binh cia thi nghiém s dung t6 hop
rGO/nZVI ciing ting khi lidu luong tang, nhung
mirc ting nay it hon so véi vat lidu nZVI do do bién
thién gilta cic gid tri S/N kha nho. Diéu nay da
chting t6 rGO/nZVI ¢6 thé dat hiéu suat xir Iy cao
ma khong can tang lidu lugng qué nhiéu gitp t6i uu
hoéa chi phi vat liéu. Liéu lugng xtc tac dugc chon
12 1.000 mg/L cho thi nghiém tai st dung la mirc phu
hop véi ca hai loai vat lig¢u.

3.4. S/N ciia yéu t6 li¢u lwong H:O:

Véi yéu t lidu lugng H20s, thong qua ty sé S/N
trung binh & Hinh 5 c6 thé thay hiéu qua loai bo do
mau trong thi nghiém st dung nZVI tang khi lugng
H>0: tr 250 mg/L 1én 500 mg/L, nhung giam khi
tiép tuc ting H.0> 1én 750 mg/L, sau do tlep tuc tang
nhe & mic 1000 mg/L. Piéu nay cho thay khi sir
dung nZVI s& ¢6 xu hudng mét hiéu qua khi ting
lidu lwong H.0: 1én dén mot ngudng nhét dinh.
Luong H-0: du thira cling c6 thé tiéu hao cac ion
Fe?*, lam giam luong chit xtic tic kha dung dé tao
gbc *OH (Dao & Do, 2011). Liéu lugng H:0: qué
cao c6 thé ‘gay oxy hoa qua mure bé mit ctia chat XUc
tac, dan dén giam hiéu qua xuc tac hodc gay ton hai
cho chat xuc tac trong dai han (Zhou et al., 2022).
Trong khi d6, ty 1¢ S/N ctia rtGO/nZ VI lai ting déu
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dén hon, hi¢u qua cang tot khi nang liéu lrgng H20,
do d6 licu lugng H20: dugc chon 1a 1.000 mg/L cho
thi nghiém tai st dung.

o . eV —+— 1GO/MZVI
38
36 - A/t/*”‘
Z 34 - g S— - °
321 o
30
28 . . . .
250 500 750 1000

Liéu lugng H20: (mg/L)

Hinh 5. Ty 18 S/N trung binh ciia yéu t6 liéu
lwong H-O: doi véi hi€u suat xir ly dé mau

3.5. Ty 1¢ déng gop ciia cac yéu to

Dua trén két qua phan tich ANOVA trong Bang
3, hiéu suét xir Iy d6 mau cua hai loai vt liéu nZVI
va rGO/nZVI bi anh hudng boi cac thong s6 duge
Iya chon trong thi nghiém. Déi voi vat lidu nZVI,
yéu t6 pH c6 anh huong manh nhét dén hiéu suat xtr
ly, voi ty 1¢ dong gop chiém 55,9% va gidtrip =
0,031, cho thay y nghia thong ké cao. Dleu nay cho
thay moi truong pH nudce thai 1a thong s6 quan trong
dé toi wu hoa kha nang xir Iy do méau khi str dung vat
lieu nZVL Liéu lugng nZVI ciing c6 anh hudng
dang ké dén hiéu suat xir ly d6 mau véi ty 1¢ dong
g6p 25,7%, nhung gia tri p = 0,086 chua dat mic y
nghia thong ké (p > 0,05). Thoi gian phan tmg va
liéu lugng H20: khi str dung nZVI ¢6 ty 18 dong gop
lan luot 12 5,6% va 8,6%, nhung gié tri P déu khong
dat mirc ¥ nghia thong ké. Mirc d6 bién dong higu
sut xir 1y d6 mau thap & cac mic thoi gian xay ra
phan mg khac ciing da dugc nhic dén trong cac
cong bo trude day. Tekbas et al. (2008) cho ring
hiéu suét xur Iy mau sac dua vao Fenton di thé khong
bi anh huong dang ké boi thoi gian phan mg, véi
hon 90% mau duoc loai bo chi trong 60 phut sir
dung chét xtc tac zeolite trao dbi Fe.

Dbi v6i vt lidu té hop rGO/MZVI, hidu qua xu
Iy d6 mau phy thugc vao pH nudc thai, voi ty 1¢
dong gop cua yéu t6 nay 1én dén 92,4% va gia tri p
= 0,001, cho thdy mtrc d6 anh huong rit cao va cd
nghia thong ké. Céc yéu té khac, bao gdm thoi gian,
lidu lwong vat lidu va liéu luong H202, déu c6 ty 1&
dong gop rat thap, 1an luot 1a 2,7%, 1,2%, 3,2% va
déu khong dat y nghia théng ké. Piéu nay khing
dinh rang khi str dung rGO/nZ V1, chi can t&i wu hoa
pHlaco thé dat dugc hiéu suat xu Iy cao.
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Yéu tb S6 bic tw do _Tong binh phuwong  GiatriF_ GiatriP__ Ty 1§ déng gép (%)
Vat liéu nZVI

pH 3 93,802 13,29 0,031 55,9
Thoi gian 3 9,337 1,32 0,412 56
Liéu lugng vat lidu 3 43,159 6,12 0,086 25,7
Liéu lugng H>0. 3 14,476 2,05 0,285 8,6
Lbi du 3 7,056 4,2
Tong 15 167,831 100,0
Vat lieu rGO/nZVI

pH 3 127,73 170,03 0,001 92,4
Thoi gian 3 3,772 5,02 0,109 2,7
Liéu lugng vat lidu 3 1,591 2,12 0,277 1,2
Liéu lugng H>0: 3 4,411 5,87 0,09 32
Lbi du 3 0,751 0,5
Tong 15 138,255 100,0

3.6. Tai sit dung vit liéu

Céc diéu kién thich hop thu dugc tir két qua thi
nghiém Taguchi va duoc bd tri cho thi nghiém tai sir
dung vat li¢u, bao gém pH 3, lidu lugng vét liu va
lidu lwong H0: 1a 1.000 mg/L véi thdi gian phan
tmg 90 phut. Két qua duoc thé hién ¢ Hinh 6 cho
théiy d6 mau nude thai sau cac lan tai st dung vat
lidu t6 hop rGO/mZVI déu co su khéc biét c6 y nghia
théng ké & muc 5%. Cu thé, d6 mau cla nudc thai
sau phan rng tang lan luot 14 16,0; 35,8; 62.6; 127,0;
146,3 va 242,7 PCU. Hiéu suit xir ly giam tur 96,2%
xuéng con 42,1% & lan tai sur dung tht 6, chénh 1éch
rét cao 14 54,1%. Hiéu qua khir mau x4p xi 97% doi
v6i methyl orange sau nam chu ky tai st dung, vuot
troi hon nhiéu so véi hidu sut & lan thir 5 rGO/nZVI
1a 65,1%, két qua nay thu duoc sau khi so sanh voi
nghién ctru cua Bellarmin et al. (2022) vé viéc sur
dung vét liéu xuc tac FeWOa.. Su khac biét co thé
dugc giai thich boi ban chat cdu tric va tinh chét hoa
hoc ctia FeWOs, von c6 kha ning khéng oxy hoa cao
hon va it bi &nh huong bdi qua trinh mai mon hoac
hoa tan sat khi tai sur dung. Hon nita, ham lugng tap
chit cia nudc thai dét nhudm cao hon dung dich
mau nhén tao gop ph?m khién vat liéu xuc tac mat di
hoat tinh déng ké.

Con ddi vé6i vat liéu nZVL, véi cac diéu kién
dugc bd tri tuong ty vat liéu rGO/nZVI, lan dau su
dung da thu duoc hiéu suit loai bo do mau 84,2%,
thap hon vat lidu t6 hop. Diém khac biét 14 trong 4
lan du khong c6 su khac biét vé do mau trong nudc
thai sau x1r Iy & mirc 5%, lan luot 12 66,9; 74,7; 66,4
va 73,3 PCU. C6 thé thay du hoat tinh ctia nZVI kém
hon rGO/nZVI nhung c6 kha nang duy tri hi¢u qua
kha 6n dinh. Dén lan tai st dung thir 5 va thi 6 thu
vé két qua d6 mau 1a 132,0 va 184,7 PCU thé hién
su sut giam dang ké vé hiéu suat khi ty 1¢ chénh 1éch

36

s0 v6i lan sir dung dau tién 1a 15,4% va 27,8%. Piéu
nay c6 thé do sy giam dan hoat tinh bé mat xuc tac
da dugc phén tich trong nghién ctru cua (Dos Santos
et al., 2021) da ghi nhén hoat tinh bé mit cua nZVI
giam 20% Kkhi tai st dung lién tuc. Hon nita, qua
trinh thu hdi xtc tac sau mdi chu ky ¢6 thé lam mat
mot phan vat liéu, dan dén giam lugng xtc tac thuc
té trong cac 1an sir dung tiép theo.

BHnZVI WrGO/nZVI

250
200
150
100

50

P mau con lai (PCU)

LAn tai sir dung

Hinh 6. P9 mau con lai cia nwéc thai dét
nhudm sau cac lan tai sit dung vt li€u

4. KET LUAN

Qua két qua nghién ctru da cho thiy tiém ning
ung dung cua hai vat liéu nZVI va rGO/nZVI trong
xtr ly d0 mau cua nudc thai dét nhuém thong qua
qua trinh Fenton di thé. Trong d6, rtGO/nZVI ¢ kha
nang xur 1y tot hon nZVI don nho s én dinh cua
graphene oxit dang khir, qua d6 c6 thé loai bo do
mau trong nudc thai voi hiéu suit cao (> 96%). Vé
céc yéu td anh huong dén kha nang xir Iy d6 mau,
pH duoc xac dinh 14 yéu td quyét dinh ddi véi ca hai
vat liéu. Ngoai ra, khi lidu lugng H.0: dugc ting,
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lugng vat li¢u va thoi gian phan Ung cling co tac
dong tich cyc dén hi¢u suat xur ly.

Hiéu sut cua ca hai vét liéu suy giam dan qua
céc lan tai sir dung cho thdy gi¢i han vé kha ning tai
sir dung. Trong diéu kién pH 3, lidu luong vat liéu
va H>0: déu 1a 1.000 mg/L v&i thoi gian phan mg
90 phat, rGO/nZVI van duy tri hiéu qua t6t hon khi
dat hiéu qua loai bo do mau 1én dén 96,2% & 1an dau
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