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Abstract: This study focuses on reviewing the potential of ferrate in industrial wastewater treatment.
Industrial wastewater from circuit boards and electronic production, specifically from metal plating,
corrosion, and cleaning processes, contain a high level of heavy metals and very complex organic
components with a wide range of pH. Coagulants for wastewater treatment such as Polyaluminium
chlorite (PAC) and alum have a neutral pH and low efficiency of treating heavy metal and organic
matter, especially with the increasingly strict regulations of discharge standards for industrial
wastewater. Iron compounds have many different valences such as +2 (FeCl,, FeSO4, Fe(NOs)y,...),
+3 (FeCls, Fez(S04)3, Fe(NO3)s,...), +6 (NaFeOs, KoFeO4, CaFeQs,...) which have the ability to
oxidize and are strong coagulants in a wide pH range. It is important to optimize application ratio
and conditions such as pH point of wastewater, reaction time, stirring speed and catalysts to achieve
the desired effects in wastewater treatment using ferrate. This study provides an overview of the
chemical properties and preparation methods of ferrate. In addition, this study also evaluates the
basic oxidation capacity of ferrate for treating pollution indicators in wastewater.

Keywords: Ferrate, ferrate preparation method, ferrate analysis, ferrate for heavy metal treatment,
ferrate for organic matter treatment.
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Tém tit: Nghién ctru ndy danh gia co sé khoa hoc, kha ning diéu ché vat lidu sit va tng dung trong
xir Iy nuée thai cong nghiép. Cac cong bd qudc té duoc trich din va téng hop theo cac tir khoa
ferrate, diéu ché ferrate, ferrate xir ly kim loai ndng, ferrate xtr 1y chat hitu co, ferrate khir tring nude
thai. Nudc thai cong nghiép san xuat ban mach, linh kién dién tir ma cu thé 1a nudc thai phat sinh tir
cac qua trinh ma kim loai, an mon, tay rira c6 do 6 nhidm kim loai néng cao va cac thanh phan hitu
co rat phirc tap voi d6 pH bién dong manh tir axit dén kiém. Cac hoé chat keo tu xir Iy nuéc thai nhu
Polyaluminium chlorite (PAC), phén nhom c6 dai pH hoat dong trong khoang gan trung tinh dén
trung tinh va hiéu qua xur 1y kim loai ning, chat hiru co chua dép ing quy chudn xa thai ddi véi nudc
thai cong nghiép. Cac hop chat ciia sit c6 nhidu hoa tri khac nhau nhu +2 (FeCly, FeSOa,
FG(N03)2, ) +3 (F€C|3, Fe2(804)3, Fe(N03)3, ) +6 (NazFeO4, KzFeO4, CaFeQsy,.. )CO kha nang
0 Xy hoéa va 1a chat keo tu manh vé6i dai pH hoat dong rong tur axit dén kiém. Viéc nghién ctru didu
ché va img dung ferrate cho muc dich xtr 1y cac chat 6 nhiém trong nude thai can cha y vé ty 16 bd
sung héa chét va cac diéu kién t6i vu nhu diém pH cta nude thai, thoi gian phan tng, toe do khudy
tron va cac chét xuc tac dé dat hiéu qua mong muén. Nghién ciru nay cung cép théng tin tong quan
vé tinh chit hoa hoc va cac phuong phap diéu ché ferrate, kha ning oxy hoa cia ferrate dé xur 1y cac
chi tiéu 6 nhiém trong nudc thai.

Tir khod: Ferrate, phuong phap diéu ché ferrate, phén tich ferrate, ferrate xtr 1y kim loai ning, ferrate

xtr 1y chét hitu co.

1. Mé dau

Trong nhiing nim gan ddy sy phat trién
manh m¢€ cua nganh cdng nghiép dién tir tai Viét
Nam ma trong d6 linh vuc san xudt ban mach
dién tur da tao ra lugng 16n dung dich FeCls thai
tir qua trinh rira, an mon bé mat gay ap luc 1én
viéc xir Iy dung dich hoé chét nguy hai thai bo
nay. Bén canh d6, lugng nudc thai phat sinh tr
qué trinh ma kim loai nhu ma niken, ma déng,
ma bac, ma vang phat sinh luong 16n nudce thai
tir cac cong doan hoat hoa, an mon, rira axit, rua
kiém va lam sach bé mat. Khéng nhitng thé nhiéu
hoa chit doc hai ciing phat sinh tir cong doan
chup quang hoa mach in va cong ngh¢ an mon

" Téc gia lién hé.
Dia chi email: vhcong@vnua.edu.vn

https://doi.org/10.25073/2588-1094/vnuees.5256

ban déng hién anh mach in. Cac hoa cht st dung
trong cong nghé san xuat mach in gdm nhiéu loai
nhu FeCly, CuCly, H,SOs4, HCI,... va cac dung
mbi hiru co khéc, chu yéu la cac loai dung moi
manh dé tdy dau m& trén ban mach in [1].

Tinh chét cua nudc thai cong nghiép, ndng
d6 6 nhiém kim loai ning, 6 nhiém hitu co, cac
hop chdt xac tic, chit tao do boéng,
ethylenediaminetetraacetate (EDTA),... thay doi
va bién dong manh va khac nhau tao ra lugng
nude thai voi tinh chat khac nhau gay ap luc 16n
1én cac cong nghé xir 1y, hé thong thiét bi xir 1y
nude thai nhdm dam bao quy chuén chat lugng
sau xur 1y.
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Kim loai ning 1 chat gay 6 nhiém phd bién
trong nhiéu loai nudc thai cong nghiép. Trong
d6, cac kim loai nang nhu dong (Cu), niken (Ni)
thuong dugc phat hién trong nudc thai ma kim
loai va gay ddc tinh cao cho modi trudng nudc.
Céc kim loai nay c6 nhiéu trong nudc thai cong
nghiép, dac biét 1a trong nude thai ma dién [2].

Céc ion tao phurc nhu xyanua, pyrophosphate
duoc str dung dé gilt c4c ion kim loai nhu Ni(Il)
trong dung dich. Phéi tir hitu co nhu EDTA tao
thanh céac phuc chit manh v&i cac ion kim loai
nang va cling thudng dugc sir dung trong cac quy
trinh ma xyanua cong nghiép cho cing muc dich.
Do @6, nudc thai rira chira cac ion kim loai,
xyanua va EDTA [3]. Su hién dién cua cac tac
nhan tao phtic nhu gy can tr¢ viéc loai bo kim
loai trong cac phuong phap xu 1y duoc ap dung
thong thuong.

Bén canh linh vyc san xut ban manh dién
t, cac nganh coéng nghiép san Xuét pin, som,
g1ay, chat mau, nhién lidu, vét liéu anh, san xuat
thudc nd va gia cong kim loai ciing thai ra mot
luong 16n nudce thai chira kim loai nang nhu Cu
va Ni. Kim loai ning 13 chat gay 6 nhiém chinh
trong moi trudng do doc tinh va mbi de doa dbi
v6i sinh vat va con ngudi & nong do cao. Pong
cuc ky ddc vi n6é khong phan huy sinh hoc va gay
ung thu, tac dong ctia viée tiép xtic voi Ni khac
nhau tir kich ing da dén ton thuong phdi, hé than
kinh va niém mac [4].

V61 muyc ti€u nang cao ty 1 nudc thai dugc
xtr 1y va xir 1y triét dé cac chi tiéu 6 nhiém trong
nudce thai da dat ra bai toan vé viée nghién clru
cac san pham hoa chit méi, nghién ctru cai tién
cic cong nghé hién hanh, phét trién cac cong
nghé mai, nghién ctru téi wu hoa qua trinh xir 1y,
tan dung va tudn hoan cac nguén hoé chét, vat
lidu hudng t6i phét trién bén viing dang duoc cac
nha khoa hoc, cac nha quan ly quan tdm chu
trong. Do d6, viéc nghién ctru ap dung cac cong
nghé xur 1y moi, tai sir dung, tai ché tuan hoan
hoa chét thai, vat liéu thai phat sinh 1a v6 cling
can thiét.

Mot s6 doanh nghiép st dung st FeCls st
dung dé an mon dong trén ban mach trong qua
trinh san xuat. Dung dich FeCls thai bo tir qua
trinh nay dang gay ap luc déi v6i cac cong trinh,

cong nghé xtr Iy nudc thai, chat thai nguy hai
hién c6. Nhan thdy, FeCls c6 kha ning tham gia
vao cac phan ung hoa hoc, hién tugng hoa ly
khac nhau, dic biét FeCls mot chat keo tu hiru
ich c6 kha nang keo tu xir 1y nudc thai [5]. Tu
d6, ¢6 thé nghién ciru sir dung FeCls 1am ngudn
nguyén liéu dé tai ché, phat trién cac san pham
hoa chét phuc vu viéc xtr Iy nudc thai tai chinh
co sO phat sinh cling nhu cac céng trinh xur Iy
nudce thai thudc cac don vi khac.

Trong ty nhién, sat tdn tai & céc trang thai
oxy héa pho bién 1a +2 Fe(Il) va +3 Fe(lll). Cac
mudi kali va natri cua sét co trang thai oxy hoa
cao hon tir +4 dén +6 d3 duoc nghién clru va tong
hop trong phong thi nghiém. Vi du vé& cac mubi
nay bao gém NaoFeOs, NasFeOs KzFeOs,
KoFeOs, NasFeO., CaFeOs. Trong day hoa tri
cao cua sit, ferrate (VI) (FeviO4?) da thu hut
dugc sy quan tdm lon nhét vi vai trd cia no 1a
chat oxy h6a manh trong nhiéu tng dung héa hoc
va k¥ thuat. Ferrate (V) ciing cho thdy nhiéu htra
hen trong viéc tong hop hoa hoc xanh, qué trinh
oxy hoa khong st dung clo dé xir Iy chat 6
nhiém. Ferrate c6 thé hoat dong nhu chét kh,
chat oxy hoa, vat liéu hdp phu va chat dong tu
manh, cé hi€u qua cao trong viéc loai bo cac chét
gy 6 nhiém nuéc khic nhau [6].

Céc ky thuat xu 1y nude thai mdi duge coi la
than thién véi moi truong va dua trén cac dang
st hoa tri cao, cu thé 1a ferrate (FeO4>, Fe(VI),
FeO,*, Fe(V) va FeOs* Fe(1V)), dic biét dugc
quan tdm do ban chét lanh tinh cua chung [7].
Ferrate c6 kha ning oxy hoa cao va khi chuyén
d6i (khir) thanh Fe(IIl) c¢6 tac dung keo tu va
khong ddc hai. Ferrate ¢6 thé oxy hoa cac hop
cht hitu co, do d6 c6 thé ing dung ferrate dé xir ly
loai bd cac hop chat hitu co trong nude thai [8].

Céc dac tinh quan trong cua ferrate (VI) nhu
kha ning keo tu va oxy hoa manh c6 thé dugc
g dung vao xtr 1y cac hop chét kim loai(I1)-CN
trong dung dich nuédc. Tiwari (2016) da thuc
hién nghién ctu xir ly nude thai ciia nganh cong
nghiép ma dién chira ca hop chit xyanua Cu(1I)
cling nhu Ni(I[). Qué trinh phan hiy xyanua
cing voi viée loai bo dong thoi Cu(Il) hodc
Ni(Il) da dugc thyc hién trong cac hoat dong
phan ung theo mé mé phong [9].
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Céc dic tinh doc dao khién ferrate (VI) tro
thanh mot hoa chit than thién véi mdi trudng, co
chirc ning kép két hop qua trinh oxy hoa va dong
tu. Viéc sir dung ferrate (VI) lam thudc thir hoa
hoc dé xtr 1y nude va nudc thai da dugc nhiéu tac
gia khac nhau danh gia cao [10].

2. Gi6i thigu vé ferrate

Ferrate (VI) laanionvo co véicong thirc
hoa hoc FeO4*>". Ferrate (V1) c6 tinh nhay séang,
tao nén mau tim trong cac hop chat va dung dich
chira n6. Mac du duogc coi 1a mot base yéu, dung
dich c6 ndng d¢ ferrate (VI) 16n 1a chat dn mon
va 6n dinh & d6 pH cao. Ferrate (VI) mau tim
sam dic trung twong tng véi quang pho kha kién
giita 500 va 800 nm va gia thi quang phd hip thu
phan tir cuc dai & bude soéng 510 nm trong diéu
kién pH 10 [11].

Ferrate (V1) la chat oxy manh qua trong
pham vi pH rong, voi thé oxy hoa khir c6 tinh
axit va bazo cao lan luot 1a +2,20 V va +0,70 V
khi so sanh véi cac chat oxy hoa khac nhu clo

(1,36 V), hypoclorit (1,48 V), clo dioxit (0,95
V), hydro peroxide (1,78 V), oxy hoa tan (1,23
V) va permanganat (+ 1,68 V) [7, 12]. Do yéu tb
nay c6 mot trong nhing thé oxy hoa khir tich cuc
nhat, ferrate (VI) tao ra mot hoa chét than thién
v6i moi truong 1y twong dé xur Iy nude va nude
thai [13].

Nhuoc diém cua ferrate (VI) 1a khong bén &
moi truong pH trung tinh hodc pH thap Trong
mdi trudng pH < 6, ferrate rat khong on dinh va
bi khtr nhanh (trong vong vai phat). Nguoc lai, &
do pH cao > 9, ferrate 6n dinh hon vé mat hoa
hoc va ton tai lau hon nhiéu trong dung dich.
Trong diéu kién axit, ferrate c6 thé oxy héa cao
dan dén phan ung oxy héa khtr nhanh véi nuéc
dan dén tao thanh oxy va khir ferrate thanh
Fe(ll).

4KoFeO4 + 10H.0 — 4Fe(OH); + 8KOH +
3021

Qua trinh khir tao ra mot sd hop chét trung
gian chira sit & s6 oxi hod +5 va +4. Nhiing anion
nay con phan Ung manh mé& hon ca ferrate
(V). Ferrate bén hon trong méi trudng kiém, ton
tai trong khoang 8 dén 9 tiéng & pH 8 hoic 9.

Bang 1. Thé oxi ho4 ctiia mot sé chat oxy hoa/ chét khir tring dugc st dung trong xir Iy nude va nude thai [7]

Cliét Ox,i h(?é/ Phuong trinh phan tng The oxi hod
Chat khir trung E°, V
Chlorine Cla(g) + 26 2 CI 1,358
Hypochlorite HCIO + H* +2 e =Cl, + H,0O 1,482
ClO + H,0 + 2 e = CIOy 0,841
Chlorine dioxide ClO, Gonzalez-Merchan (2016) + e = Cl' + 4 H,0 0,954
Perchlorate ClOs +8H*+8e =Cl+4H)0 1,389
ClOs + H,O +2 e =ClO3 + 2 OH" 1,39
Oz0ne O3+2H*"+2e =0,+H,0 2,076
O3+HO0+2e=0,+20H 1,24
Hydro peroxide H,O,+2H"+2e =2H,0 1,776
H,0, +2e =2 OH" 0,88
Oxy hoa tan O;+4H+4e=2H,0 1,229
0;+2H,0+4e =40H 0,4
MnOg4 + 4 H* + 3 e = MnO; + 2 H,0 1,679
Permanganat MnOy4 + 2 H,O + 3 e = MnO; + 4 OH" 0,588
MnOg4 + 8H* + 5 e = Mn?* + 4 H,0 1,507
FeOs> + 8 H* + 3 & = Fe®* + 4H,0 2,2
Ferrate (V1) FeOsZ + 4 H,0 + 3¢ = Fe(OH); + 5 OH- 0.7
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3. Mt s6 phuwong phap tong hop ferrate

C6 ba phuong phap chinh thuong duge trién
khai dé tong hop mudi natri va kali cta Fe(VI)
(NazFeOs va KoFeOs) 1a phuong phap oxy hoa
kho, oxi hoa udt va dién hoa [14].

V& co ban, sat III (Fe**) dugc oxy hoa thanh
hoa tri cao (Fe** dén Fe®) bang cach sir dung
nhiét, dién hodc hoa chat oxy hoa. Tat ca cac
phan tmg oxy hoa nay phdi dién ra trong moi
truong an mon, Vi ferrate tong hop chi 6n dinh &
d6 pH cao. San pham cudi ciing cua tat ca cac
quy trinh téng hop nay 1a vt liéu ferrate duoc
tron v6i dung dich dn mon hodc cac hoa chat
khac duoc st dung trong qua trinh oxy hoa. Dé
¢6 san pham ferrate (VI) tinh khiét cao, hn hop
phai dugc xir Iy thém dé tach ferrate (VI) khoi
dung dich tong hop.

3.1. Piéu ché ferrate bang qud trinh oxy héa khé

Phuong phap diéu ché ferrate bang phuong
phap oxy hod kho dugc md ta trong nghién cuu
cia Karim va cs nam 2020. Natri ferrate thu
dugc bang cach nung hdn hop sat (III) oxit va
kali peroxide & 350-370 °C, hoic bang cach oxy
hoa oxit sit bang natri peroxide & 370 °C trong
diéu kién dong 6xy kho lién tuc tuc theo ty I€ 4:1,
tao ra natri ferrate. San pham ciia phan g nay
tao ra mudi ferrate. Dung dich ferrate ¢6 mau do
tim chira ion tir dién FeO4%. Ty 1¢ thu hoi ferrate
khong cao hon 55% trong phuong phap nay.
Phuong trinh hoa hoc thé hién phan tng diéu ché
ferrate bang oxi hoa kho:

Fe,O3 + 3Na,O, — 2NayFeOs + Na,O

Phuong phép oxy hoa kho dé tong hop
ferrate 1a mot phuong phap c6 rui ro cao vi co
thé dan dén no ¢ nhiét do cao [15]. Ning suat
ferrate (VI) thip hon 50% & nhiét d6 trén 370 °C.
Diéu nay duoc coi 1a mot qua trinh khong kinh
té vi muc tiéu thu ning luong cao va chi phi sir
dung natri peroxide.

3.2. Piéu ché ferrate bang qud trinh oxy héa wét
Jiang (2014) da thyc hién nghién ctru didu

ché ferrate theo phuong phap oxy hod uét [16].
Tac gia nhan dinh rang phuong phap hoa hoc udt

lién quan dén qué trinh oxy héa dung dich chira
Fe(lll) dé tao thanh dung dich ferrate (V1) trong
diéu kién kiém manh. Vi dung dich ferrate (V1)
s& bi phan hity nhanh chéng nén can phai thyc
hién cac quy trinh két tia, rira va sy tiép theo dé
thu dugc san pham ran on dinh. Phuong trinh ho4
hoc thé hién qua trinh diéu ché ferrate nhu sau [16]:

Fe3* + 30H — Fe(OH)s

2Fe(OH)s + 3NaClO + 4NaOH — 2NaFeO,
+ 3NaCl + 5H,0

Na2FeO4 + 2KOH — KoFeO4 + 2NaOH

Nhiéu nd lyc da dugc thyc hién dé diéu ché
natri ferrate (VI) ran, tuy nhién, c6 nhitng kho
khin trong viéc cb 1ap bat ky san phdm rin nao
tir cac dung dich thu duogc, vi NaxFeO, cd d6 hoa
tan tuong d6i cao trong dung dich NaOH bio
hoa. Pé tang san lugng ferrate (VI), kali hydroxit
da dugc sir dung dé thay thé natri hydroxit va do
d6 tranh dugc sy hinh thanh trung gian cua natri
ferrate VI) trong qué trinh chudn bi. Do dé, san
lugng kali ferrate (V1) tang 1én 75%. Sau do, c6
thé tao ra d¢ tinh khiét cao ciia san pham ran, 1én
dén 99%, bang quy trinh két tua, trong dé kali
ferrate (VI) c6 thé dugc co lélp/két tua ra khoi
dung dich KOH va bang cach thuc hién mot s6
budc hoa tan va két taa [16].

D6 tinh khiét va san luong cua kali ferrate
déu bi anh hudng boi cac loai chat oxy hoa va
tién chat sit dugc sir dung dé didu ché kali
ferrate. Viéc sir dung hypoclorit (OCI") ¢6 thé
cho san lwong cao hon va do tinh khiét cao hon
so vdi viéce st dung clo. bPdi véi nguén sét, ferric
nitrat Fe(NO3)3-9H20 ciing c6 thé din dén tc do
tong hop nhanh hon va san luong cao hon ferric
clorua [17].

Viéc lya chon dung moi hitu co sir dung
thich hop dé rira san pham ferrate thd yéu cau
dung moi phai khong hoa tan kali ferrate va chtrc
ning cua ching 1a loai bo cac tap chat nhur ham
luong 4m, KNOs, KCI, KOH va cac tap chit
khac. Trong budc tinh ché, n-pentane hodc
benzen c6 thé dugc sir dung dé thay thé ham
lugng am trong kali ferrate thd. Methanol hodc
ethanol dugc s dung dé hoa tan hydroxide,
clorua, nitrat va cac tap chat khac. Diethyl ether
c6 thé ddy nhanh qué trinh say kho san pham tho.
Viéc stir dung dung moi tro dé loai bo d6 Am khoi
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san pham tho 1a rit quan trong. Néu khong,
ferrate s& dé dang bi khir thanh Fe(OH)s, mat di
d6 tinh khiét ctia no [18].

Trong nghién cuu cua tac gia Wei va cs
(2015) [17], n-pentane, thay vi benzen, dugc st
dung do ddc tinh thap hon va gia thanh ré hon.
Nhuoc diém cia viée sir dung n-pentane 1a nhiét
do soi thap hon (36,1 °C) so v6i benzen (80 °C)
Thuc té nay ham y rang luong n-pentane bi that
thoat nhiéu hon néu thiét bi & quy mé thi diém
hodc quy mé day da duoc thiét 1ap cho qua trinh
tinh ché nay, trir khi d6 1a mot quy trinh khép kin.
Metanol duoc chon thay vi etanol vi gia thanh ré
hon va hi¢u qua cao hon trong viéc loai bd
hydroxit, clorua, nitrat va cac tap chat khac. Ty
¢ gia cuia metanol va etanol 1a khoang 1/4 va
nhiét do soi tuwong Gng cua ching la 64,7 va
78,4 °C. Diethyl ether s& dugc sir dung dé ting
tdc d6 khir am ciia san pham tho.

Diéu ché ferrate biang phuong phéap oxi hoa
w6t tir ngudn FeS04.7H,0 duoc Maghraoui va cs
(2012) md ta nhu sau: tron sat sunfat ngdm nudc
FeS04.7H,0 va thudc tay clo c¢b ddc trong moi
truong kiém [19]. Khudy hdn hop trong mot gid
& nhiét d¢ tir 50 °C dén 55 °C theo phan tng:

FeSO.4.7H,0 + 40H + 2 CIO" — FeOs* +
9H,0 + SO4* + 2CI

Thu hdi Na;FeOq bang cach loc chan khong.
Pha nay dugc sdy kho trong 16 & 120 °C trong 12
gio sau d6 cho vao binh hit 4m [19].

Trong nghién ctu ctia Sharma va cng su
2015, vat liéu oxit sat(IIl) hodc mubi ctia ching
(FeCls, Fez(S0:)3, Fe(NO3)s) dugc oxy hoa bing
hypoclorit (OCI") trong dung dich c6 tinh kiém
cao, duge diéu ché bang cach sir dung NaOH;
thu dugc NaxFeOs c6 d6 hoa tan cao trong quy
trinh nay. Mudi KoFeQ, it hoa tan hon nhiéu, c6
dd tinh khiét cao (98%) cua Fe(VI), dugc két tia
tir dung dich Na,FeO, bang cach thém KOH.
Viéc str dung ozon thay vi OCI" ciing c6 thé tao
ra Na,FeO,, mic du ning suét thip hon [14].

Nghién ctu méi day Ndzungu va cs (2024),
dd dua ra quy trinh tong hop canxi ferrate
(CaFeOq) [13]. Trudc tién, Ca(OCl), dugc hoa
tron trong 500 mL nudc va Ca(OH)2 dugc hoa
tron trong 250 mL nudc. Sau do, cac dung dich
nay dugc tron lai, tiép theo cho FeCls vao hon

hop. Ty 1é thé tich dugc str dung trong hdn hop
la 1:5:10 (v:v:v), twong g vadi FeCls, Ca(OH),
va Ca(OCl),. Binh phan tGng dugc gilr trong
nude da dé tranh qua nhiét ban ddu ctia phan tmg
téa nhiét. Sau dd, dung dich thu dugc dugc
chuyén vao 100 mL nuéc néng duoc duy tri &
nhiét do tir 60 dén 90 °C. Su hinh thanh CaFeO4
dugc day nhanh bang cich khudy lién tuc hdn
hop (350 Vong/phut) trong 15 phut. Qua trinh
tong hop canxi ferrate tién hanh theo 1y thuyét,
thé hién trong phuong trinh:

4FeCl; + 10Ca(OH); + 3Ca(OCl), —
4CaFeQ4 + 9CaCl; + 10H,0

3.3. Piéu ché ferrate bang phwong phdp dién hod

Bén canh 2 phuong phap diéu ché ferrate Ia
oxy hoa kho va 6 xy hoa udt thi ferrate con thu
dugc bang phuong phéap dién hoa.

Trong nghién ctu diéu ché ferrate bing
phuong phap dién hoa cua Jiang (2002) [12] cho
thay mat d dong dién, thanh phan andt va loai
va ndng d6 chit dién phan dugc phat hién anh
huong dang ké dén hiéu suét didu ché ferrate.
Nguyén 1y co ban dé diéu ché mubi ferrate (VI)
bang phuong phap dién phan dugc thé hién trong
cac phuong trinh dudi day. Gang dugc st dung
lam andt, dugc hoa tan va sau do bi oxy hoa dé
tao thanh K,FeO, khi st dung KOH co6 néng do
cao lam chat dién phan.

Phan Gng anbt:

Fe + 80OH — FeOs* + H,0 + 6e

Phan ing cat6t:

2H,0 — Hz + 20H - 2e

Phan ing chung:

Fe + 20H + 2H,0 — FeOs* + 3H,

FeOs* + 2K* — KoFeO,

Mat d6 dong dién, thanh phan cua andt va
loai va ndng d6 cht dién phan dugc phat hién 1a
anh hudng dang ke dén higu qua san xuat ferrate.
Nang suét san xuét 16n nhét 1a 40% dat duoc &
mat d6 dong dién 12 3 mA/cm? va & nhiét do chit
dién phan la 30 °C. Ham lugng cacbon cao hon
trong vat liéu andt lam tang hiéu sut dong dién
tao ra ferrate. Hiu suét dong dién 16n hon 70%
dat dugc trong qua trinh chuan bi ferrate khi str
dung thép bac c6 ham lugng cacbon la 0,90%.
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Trong khi & cung diéu kién, hiéu suat dong dién
giam xubng con 12% khi sir dung hop kim co
ham lugng cacbon 1a 0,08%. Ngoai ra, dung dich
NaOH 14 M duoc phat hién 1a chat dién phan tdi
vu cho qua trinh tong hop dién hoa cac mudi
ferrate (V1)) [12].

Theo Bouzek va cs (1999), dong dién xoay
chiéu hinh sin dugc str dung dé diéu ché ferrate
bang phuong phap dién hoa [20]. Cac dién cuc
dugc sir dung 13 sit nguyén chit (99,95%), chat
dién phan la dung dich NaOH 14 M va nhiét do
dién phan nam trong khoang tir 30 °C dén 60 °C.
Két qua nghién ctru cho thiy hiéu suit dong dién
t6i da dé tao ra ferrate 1a 43% trong cac diéu kién
nhat dinh (mat do AC = 88 mA/cm? tan sb AC
= 50 Hz va nhiét do 40 °C) [20].

Trong nghién ctu cua Jang (2014), ferrate
duge diéu ché bang cach dién phan dung dich
mudi sat (1) [16]. Gang duoc sir dung lam cuc
duong va dugc hoa tan 1oi bi oxy hoa tao thanh
NaoFeOs, NaOH dam déac duoc st dung lam chét
dién phan. V& viéc sir dung dién cuc andt, hai
loai thiét 1ap da dugc sir dung: i) Anbt tro (vi du:
Pt) c6 kha néng oxy hoa cic ion Fe® hoa tan; va
i) Andt goc sat (vi du: gang, thep,...) dong vai
tro la ngudn sat. Nguyén tic co ban dé thu duoc
mudi ferrate bang phuwong phap dién phan duoc
thé hién trong cac phuong trinh phan @ng trinh
bay trén day.

Trong nghién cuu cua Canizares va cs
(2007), sir dung andt kim cuong pha tap boron
(BDD) d tong hop ferrate (VI) [21]. Phim kim
cuong pha tap boron (BDD) duoc cung cip boi
CSEM (Thuy Si) va dugc tong hop bang k§ thuat
lang dong hoi hoa hoc dang s¢i néng (HF CVD)
trén cac tdm wafer Si <100> loai p tinh thé don
(0,1 X cm, Siltronix). Sét (II) sulfat duoc oxy
hoa trong binh dién hoa dé tao thanh ferrate (VI)
trong diéu kién axit nhung ion ferrate (VI) tao ra
nhanh chong bi phan hiy trong méi truong axit
thanh Fe** va oxy. Sau do, qua trinh tao ra ion
ferrate (VI) bfmg dién hoa st dung anét BDD
trong moi trudong kiém da dugc thuyce hién. Qua
trinh chudn bi ¢6 hai budc; dién phan dugc tién
hanh & 130 A/m™ va 30 °C bang anbt thép khong
gi trong 2 gio dau tién va sau d6 1a 2 gio cudi
bang anbt BDD. Trong qua trinh dién phén 2 gid

déu tién, néng do6 ferrate (VI) tao ra tang dan va
dat nong do FeOs* khong ddi. Trong qué trinh
dién phan 2 gio thir hai, andt thép khong gi duoc
thay thé bang ant BDD va nong d6 dung dich
ferrate (VI) ting thém; diéu nay c6 thé 1a do qua
trinh oxy hoa tiép theo ctia cac dang sit tich tu
trong qua trinh oxy hoa dién héa budc dau tién.
Hiéu suit oxy hda dugc phat hién phu thudc vao
dién tich tiéu thu. O giai doan thir hai, dién ap
clia binh dién phan khong thay doi, cho thay hién
tuong thu dong hoa va suy giam thong thuong cua
andt khong xay ra khi st dung andt BDD [21].

Mot cach tlep can thuc té dé sir dung ferrate
(VI) & quy mb cong nghiép 1a san xuét ferrate
(VI) bang dién hoa tai chd va sir dung tryc tiép
trong xur ly nuéc va nude thai. Mot nghién cuu
ban dau cho thdy viéc bo sung mot luong dung
dich ferrate (VI) du sé& dan dén kiém héa manh
nude dén do pH trén 11 va didu nay doi hoi mot
budc trung hoa bd sung, dic biét 1a trong truong
hop xtr 1y nude udng.

Trong cac nhgién cuu cia Standford va cs
(2010); Jiang va cs (2012), da ching minh rang
v6i viée sir dung natri hydroxit ¢c6 nong do cao
va mat do dong dién cao vdi cac quy trinh lam
sach bé mat andt, hiéu suit thu duoc cua ferrate
(V1) tao ra tai chd 1én t6i 70% va ndng do cia
dung dich ferrate (V1) thu duoc cao t6i 9 g L*
[22, 23]. Piéu nay, cing véi lidu lugng ferrate
(VI) can thiét rat thap, liéu lugng thé tich dung
dich ferrate (VI) da duoc gidm va sau do d6 pH
ctia nudce thai c6 thé duogc kiém soat dudi 9. Diéu
nay rat quan trong dé trién khai cong nghé ferrate
(V1) vao thuc té vi d6 pH < 9 trong nudc da xir
1y dép tng tiéu chuan nudc udng hodc nudce thai.
So v&i sat sunfat, liéu lwong ferrate (VI) thip hon
nhiéu 13 can thiét dé loai bo nhiéu hon chit ran
lo limg, COD, BOD va phét pho, vuot qua muc
tidu xtr Iy nudc cong nghiép & giai doan ling so
cAp. Diéu nay s& lam giam nhu ciu hoa chat va
san xudt bun va do d6 tao ra khoan tiét kiém chi
phi dang ké trong qua trinh xtr 1y nuéc thai. Hon
nita, ferrate (VI) dugc san xuét béng dién hoa
khong c6 van dé mat 6n dinh va khong can van
chuyén, va c6 thé dugce trién khai trong thyc hanh
xu 1y nudc thai [22, 23].
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3.4. Pdnh gid sw on dinh cua ferrate

Do 6n dinh cua ferrate da duoc thé hién trong
nghién ctru cua Jiang (2012), téc d6 phan huy
phu thudc rat nhiéu vao néng do ferrate ban dau,
c4c ion cung ton tai, @ pH va nhiét d6 cua dung
dich [23]. Cac dung dich ferrate pha loang duoc
b4o c4o 14 On dinh hon cac dung dich ¢6 dic. Poi
v6i dung dich ¢6 ndng d ion ferrate ban dau nho
hon 0,025 M, khoang 89% s& con lai sau 60 phtt.
Tuy nhién, néu néng d6 ban dau 16n hon 0,03 M,
hau hét cac ion ferrate s& bi phan huy sau cling
khoang thoi gian d6. Vi dung dich kali ferrate
0,01 M bi phan hay 79,5% trong khoang thoi gian
2,5 gi0, trong khi dung dich kali ferrate 0,0019 M
chi giam 37,4% sau 3 gio 50 phut ¢ 25 °C.

Dung dich kali ferrate 0,5 M, chta kali
clorua (KCI), kali nitrat (KNOs3), natri clorua
(NaCl) va oxit sat ngdm nuéc (FeOOH) di duoc
sir dung dé nghién ctru tac dong ciia cac ion dong
tdn tai 1én dd 6n dinh cua ferrate & nhiét do
khong d6i 1a 25°C. Nguoi ta thay rang cac ion
ferrate phan hiy nhanh chéng trong giai doan
dau va c6 vé twong ddi 6n dinh & ndng do ferrate
thip khi c6 mat KCI va KNOs. Trong ciing mot
nghién ctru, phosphat da dugc chiing minh 1a 1am
cham dang ké qué trinh phan huy ferrate.

Do 6n dinh coa dung dich ferrate (VI) tang
1én khi do kiém va/hodc gia tri pH ting. Trong
khoang thoi gian thir nghiém 2 gio nhét dinh,
nong do kali ferrate giam nhe khi & trong KOH
6 M, nhung giam nhanh khi ¢ trong KOH 3 M.
Dung dich ferrate dugc chuén bi béng dung dich
dém ¢ pH 8 6n dinh hon dung dich duoc chuan
bi & pH 7; 49% kali ferrate ban dau van con sau
8 gio khi pH 1 7 va 71,4% trong s d6 van con
sau 10 gio khi pH 1a 8.

Nhiét d6 ciing 1a mot trong nhiing yéu t6 anh
huong dén d6 6n dinh cua dung dich ferrate. Mot
thoi gian 6n dinh dai di duoc quan sat thdy &
nhiét d6 dung dich ferrate thap hon (0,5 °C). Pbi
v6i dung dich kali ferrate & nong do ban dau 1a
0,01 M, ndng do nay giam 10% & nhiét do khong
d6i 1a 25 °C va hau nhu khéng doi ¢ 0,5 °C trong
thoi gian 2 gio. Néu ciing mot dung dich ferrate
duoc chuin bi ¢ nhiét d6 phong (25 °C), sau d6
duoc dat trong bé phan tmg & 0,5 °C, néng do

ferrate gidm 5% trudc khi dat dén nhiét do
thuong [12].

R rang 1a do 6n dinh cua ferrate phu thudc
rat nhidu vao do pH va c6 do on dinh toi da &
khoang pH 10. Nhitng két qua nay nhin chung
phu hop véi cac quan sat da thiét lap trude day
vé su thay doi thé oxy hoa khu theo d6 pH d6i
v6i ferrate. Tir d6 c6 thé thay rang trong diéu kién
axit, ferrate c6 thé oxy hoa cao dan dén phan v img
oxy hoa khir nhanh véi nuée dan dén san xuat
oxy va khu ferrate thanh Fe(III):

4K;,FeO4 + 10H,0 — 4Fe(OH)s + 8KOH +
30271

Nghién ctru Licht va cong sy, 1999, cho thiy
ion FeO4? ¢6 do on dinh cao hon mot bac do 16n
trong KOH 10 M so véi trong KOH 5 M. Trong
KOH 10 M, d6 6n dinh ctia KoFeO, ting 1én tir
vai gio dén vai tuan, khi khong c6 tap chat Ni%*
va Co% ¢c6 trong dung dich. Cac mudi nitrat ciia
Cu?*, Fe*, Zn?*, Pb?*, Ba®", Sr?*, Ca?*, Mg?* va
cac mudi khac bao gom K,Zn(OH)s, KIO,,
KzB4Og, K3PO4, Na4P207, NazsiFe, Na28i03,
Na;MoO; va Na,WO, khong anh huéng dén do
6n dinh ciia KoFeOq [24].

Tbc d6 phan rd va nhimng thay ddi trong cac
dic diém quang phd cua ferrate (VI) va ferrate
(V) theo d6 pH da dugc s dung dé udc tinh cac
gia tri cta hang sd phan ly axit, duoc biéu thi
dudi dang gié tri pKa. Phuong trinh biéu dién cac
gia tri pKa dugc trinh bay dudi day:

HsFeO4t «— H* + HyFeOq pKa; = 16+0,2
H,FeQ4 <« H' + HFeO4 pKaz =3,5

HFeO4 « H' + FeO4> pKas = 7,3+0,1

Céc gié tri pKa da duoc st dung dé tinh toan
su hinh thanh cac dang ferrate. Dang ferrate (V1)
¢ tinh bazo hon céac dang ferrate(V). Su phéan ly
(giai phong proton) cua lién két Fe(VI)-OH cua
cac loai ferrate (VI) d& hon lién két Fe(V)-OH
cua ferrate (V). Ferrate (V) cd ba dang chinh,
H.FeOs , HFeO4* va FeO,* trong dung dich
kiém trong khi cac dang HFeO, va FeO,* cua
ferrate (V1) chiém wu thé ¢ pH trung tinh va
kiém. Cac gia tri pKa nay cho thiy sy hién dién
ctia bén dang ferrate (V1) trong toan bo pham vi
pH la HsFeO,t, HyFeO4, HFeO,* va FeO.2.
Trong pH trung tinh va kiém, ion hydro ferrate
HFeO, va ion ferrate FeOs% chiém uu thé [25].
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Do 6n dinh cua ferrate van 1a mot tro ngai
dbi voi viée str dung cac hop chat nay trong céc
Gng dung nang lugng va mdi truong. Viée sir
dung Fe(VI) trong qua trinh khic phuc doi hoi
phai c6 do 6n dinh trong nudc. Mot s6 tién bo da
dat dugc trong viéc on dinh ion FeO4*™ trong pha
long bang cach ap dung quy trinh lai str dung quy
trinh nhiét va u6t dé tao ra dung dich Fe(VI) 6 on
dinh trong 2 tuan; diéu nay trai nguoc voi do on
dinh trong nudc thong thuong ciia Fe(VI) chi kéo
dai trong vai gio [26].

Ty 1¢ tu phan huy (VI) trong dung dich nudéce
dugc Tiwari (2016) cho thay 14 ting dang ké khi
giam pH cua dung dich [9]. Dung dich KoFeO4 1
mM trong dung dich nudc & pH ~5, chi sau 7
phut, Fe(VI) bi phan hiy hoan toan, tuy nhién, &
pH ~9 va ~10, n6 kha 6n dinh ngay ca sau thoi
gian tr6i qua la 20 phat. Véi thoi gian thir
nghiém 2 gio, ndng do kali ferrate (VI) giam nhe
khi ¢ trong KOH 6 M, nhung giam nhanh khi &
trong KOH 3 M. Dung dich ferrate dugc pha ché
bang dung dich dém & pH 8 6n dinh hon dung
dich dugc pha ché & pH 7; 49% kali ferrate ban
dau van con sau 8 gio khi pH 14 7 va 71,4% trong
s6 d6 van con sau 10 gid khi pH 14 8,0 [9].

Trong nghién ciu ciia Munyengabe va
Zvinowanda (2019) cho thdy dung dich dém
phosphat va nong do kali hydroxit cao (hon 10
M) c6 tac dung lam cham qué trinh phan huy
ferrate (V1) [27]. Cung vai do, anh sang khong
anh huo‘ng dén d6 6n dinh cua dung dich ferrate
(VI). Muéi ferrate (V1) rén t6 ra 6n dinh hon so
v6i cac dan xuat hoa tan cua ching [27].

4. Ung dung ferrate vao xir Iy nwée thai

Ferrate (VI) thé hién nhiéu co ché xir Iy nhu
chét oxy hoa, chét keo tu, chat khir trung, co6 thé
déng thoi loai bo do duc, cacbon hitu co hoa tan
va lam giam sit con lai. Hon nira, ferrate (VI)
duoc coi 1a hoa chat xu Iy nude ty nhién va than
thién va khong tao ra cac san phfim phu doc hai.
Ferrate (VI) co tac dung tuyét voi hon cac chit
keo tu va chit khir tring khac. Mot wu diém khéc
cuia ferrate 1a n6 duoc tong hop bang cac hoa chat
ré tién nhét, chang han nhu hypoclorit, hydroxit
kiém nhu (NaOH va KOH) va sét (III) clorua,
diéu nay lam cho ferrate tré thanh lya chon tdt
dé xir Iy nudc thai. Trong diéu kién axit, thé oxy
hoa khir (+2,20 V) ctia ion Fe (VI) manh hon thé
oxy héa khir ctia O3 (2,08 V) va 1a thude thir xir
Iy nuée hda hoc manh so véi cac thude thir khac
nhu clo, hydro peroxide, ozon, oxy hoa tan,...
Céac ion ferrate (VI) duoc khir thanh cac ion Fe
(I1T) hodc sét (IIT) hydroxide (Fe®* va Fe(OH)s la
cac san phém phu khong doc hai s€ duoc loai bo
ra khoi nude cting v6i qué trinh dong tu va ling
trong luc va déng thoi tao ra chit keo tu hodc
chat két bong trong qué trinh xr 1y nudc véi mot
lidu lwong va mot don vi tron [7, 12]. Ferrate
(FeO,?) 1a chat oxy hoa manh hon trong diéu
kién axit khi so sanh v6i cac chit oxy hoa khac.
Do @6, ferrate cung cp kha niang phan hity hiéu
qua cac chét hitu co, vo co va vi sinh vat trén mot
pham vi pH rong [28].

Béng 2. So sanh higu sult xur 1y ctia mot s6 chit keo tu ¢ liéu t6i wu [30]

Phan loai Nhdm sunfat Sat sunfat Ferrate (V1) | Ferrate (V1)

pH 6,75~ 7,48 6,75~ 7,48 5 7
Liéu toi uvu — ion (mg/L) 8 22 15 22
Liéu toi vu — ion (mMM/L) 0,30 0,39 0,22 0,39
Xir 1y chat rén lo ltng (%) 92 95 89 94

Xt 1y mau (%) 50 50 100 92

Xu ly COD (%) 7 18 43 32

Bat hoat vi khuan (%) 90 91 >99,99 >99,99

Trong qua trinh x 1y nudce thai Fe (VI) da
cho thay la chat keo tu hi€u qua de€ loai bo cac
kim loai va phi kim loai ddc hai. Sy dong ty lam

mat O0n dinh cac hat keo va chuyén cac hat nho
thanh céc khoi 16n va hap thy cac vat li¢u hitu co
hoa tan vao cac khoi tong hop, sau d6 co thé
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dugc loai bé bang qua trinh ling va loc. Ngoai
ra, mot sd nghién ctru da chi ra rang Fe(VI) co
thé dong nhiéu vai tro dong thoi 1a chat oxy hoa,
chat déng tu va chat khur tring dé xu 1y nude
ubng, nude va nudc thai [29]. Hidu qua xu 1y
COD, mau, va chit ran lo ling cta ferrate (V1)
va mot sd chit keo tu nhu nhdém sunfat
Aly(S04)s, sit sunfat FeSO, duoc thé hién trong
Bang 2.

Trong nghién ctru cua Sharma (2002) da cho
thy cac ddc tinh va vai tro cta ferrate trong viéc
loai bo cac chét gay 6 nhidém trong nudc thai [7].
Kali ferrate, Fe(VI) c6 cac dac tinh nhu do on
dinh cao, kha nang oxy héa manh, tinh chon lgc
va san pham phu khong doc hai Fe(III), khién
kali ferrate (V1) tr¢ thanh chit oxy hoa than thién
v6i moi truong. Fe(VI) 1a chat oxy hoa manh
trong toan bd pham vi pH vai thé khir thay doi tir
2,2V dén 0,7 V trong dung dich axit va bazo. lon
Fe(VI) khir nhanh va téa nhiét tao thanh Fe(III),
oxy trong axit manh, trong khi cac phéi tir oxy cua
Fe(VI) trao d6i rat chdm véi nude o pH 10.

4K;FeO4 + 10H,0 — 4Fe(OH)3 +3021 +
8KOH

Trong dung dich lodng, tbc do khir Fe VI
thap nhat bai nude xay ra trong khoang pH 9,4
va 9,7. Fe(VI) ciing 1a chit oxy héa chon loc cho
mot sd lugong 16n cac hop chét hitu co véi Fe(III)
1a san pham phu. Do d6, Fe(VI) ¢6 vai trd trong
cong nghé sach hon ‘xanh hon’ cho céac quy trinh
xtt 1y nuéce thai. Nhidu chat gdy 6 nhiém trong
nude thai cé thé dugc loai bo bang Fe(VI) trong
vai gidy dén vai phut véi sy hinh thanh cac san
pham khong nguy hiém. Fe(VI) ciing la chat khir
trung, chat chong bam ban va chét dong tu, do do
1a mot hoa chat xir Iy nude thai da ning day hia
hen [7].

Theo Samiotis va cs (2023), hiéu qua cua
ferrate trong viéc loai bo céc hop chét hiru co
khoi nudc mit, nudc thai thd va nudce thai duoc
xir Iy sinh hoc da dwoc danh gia vé mat loai bo
COD [8]. Viéc loai bé d6 duc ciing dugc danh
gi4, vi day 1a chi s6 loai bo cac hat vat chat va
hop chat hitu co dang keo do kha ning déng tu
va hap phu tuyét voi cua céc hop chét ferrate
khur, tuc 12 sat (111) hydroxit [8].

FeOs* + 8H,0 + 3¢ — Fe(OH)s] + 8H.0

Co ché phan tng cua ferrate (V1) vé6i cac hop
chét dugc 1am séng to trong nghién ciru ctu cua
Sharma va c¢s (2015) [14]. Bong hoc cua cac
phan (ng vai cac hop chat c6 nhiéu bién thé phan
tr va cAu tric d4 dugc nghién ctru dé hiéu sau
hon vé héa hoc cua ferrate. Nghién ciru tap trung
Vvao c4c hop chit co lién quan dén moi truong
nhu cac hop chat chira luu huynh va nito (vi du:
sunfua, bisulfit, xyanua, amin).

Trong pham vi pH co ban, hing s6 pKa ciia
ferrate (VI) chil yéu giam theo pH. Trong pham
vi pH axit véi Fe(VI), mot sd hop chét cho thdy
hang s6 toc do giam khi pH ting (vi du EDTA).
Xyanua 14 chat 6 nhim duy nhat di dugc nghién
ctru vé kha ning oxy hoa so sanh cua ferrate &
nhiéu trang thai oxy héa khac nhau. Tc d6 phan
ung cua ferrate voi xyanua 1a Fe(V) > Fe(IV) >
Fe(VI). Cac xu hudng thdy trong dugc md hinh
héa dinh lugng b?mg cach st dung sy phan loai
ctia ca Fe(VI) va nhiéu hop chét khac nhau.

C6 nhiéu phan ng xay ra trong hé phan ung
Fe(VI) va cac hép chat. Céc phan tng nay bao
gom: qua trinh tao ra Fe(V) va Fe(1V) théng qua
cac qua trinh chuyen 1 e va 2 e; qua trinh san
Xuit céc lodi gdc ciing co thé tao ra cac dang
Fe(V) va Fe(lV). Céc phan ung tiép theo cua
Fe(V) va Fe(IV) véi cac chat gay 6 nhidm. Qué
trinh tu phan hay cua cac dang Fe(V1), Fe(V) va
Fe(IV). Phan tng cua ferrate vai cac dang oxi hoa,
02, va H20,, dugc tao ra tir qud trinh tu phan hay.

Thanh phan héa hoc va san pham cua cac
phan (mg da dugc sir dung dé md ta co ché phan
g cua Fe(V1) vai cac hop chat. Trong s6 cac
chat gay 6 nhiém v co, xyanua va sulfua phan
g théng qua budc chuyén le” va co thé quan
sat thdy cac duong luong ba electron trén mdi
Fe(VI). Céc hop chat khac, cu thé 1a cac hop chat
oXxy cua luu huynh, selen, asen va nito, cé kha
nang trai qua budc chuyén 2 e ban dau [31].

4.1. Uu diém ciia ting dung ferrate xit Iy m6c thdi

Ferrate (VI) c6 kha ning xir Iy da dang (chat
keo tu, chit oxi hoa manh, chit khir trung) va
hinh thanh t6i thiéu cic san phdm phuy khir tring
(DBP), gitip n6 khac biét so voi cac tac nhan xur
ly thong thuong nhu clo va ozon [25]. Véi dac
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tinh cua ferrate 1a chat oxi hda manh nén ferrate
¢6 kha nang xu 1y hiéu qua nhiéu chat 6 nhiém
trong nudce thai v6i te do nhanh va hinh thanh
cac san phdm phy khong doc hai. Nho kha ning
loai xtr 1y loai bo hi€u qua kim loai ndng va vo
co, ferrate co thé ung dung hiéu qua vao xu ly
nuéc thai 6 nhiém céc chi tiéu nay [32].

San pham khir Fe(III) hoic sat hydroxit ctia
ferrate (VI) c6 tac dung keo tu manh c6 thé hap
phu céac hat trong nudc va lam gidm d6 duc. Do
d6, san pham khtr cua ferrate (VI) ciing c6 thé
duoc st dung lam chét keo tu. N6 ¢ nhitng uu
diém sau khi dugc sir dung 1am chit keo tu: i) N6
tao ra luong bun thip va chi phi thip. Trong viéc
loai bd do duc, kali ferrate (VI) tao ra it bun hon
nhiéu so v6i cac chét keo tu khac (FeSO4-7H,0),
sat nitrat Fe(NOs)s, sit clorua FeClz va nhom
sunfat Alx(SOq)3; va ii) N6 co thé lam giam
nhanh do 6n dinh cta keo. Ferrate (VI) c6 thé
1am mat 6n dinh keo trong vong 1 phut, trong khi
phai mét 30 phut dé dat dugc hiéu qua tuong tu
khi str dung mudi sat va mudi sat (IT) [33].

Ngoai viéc chuén bi trudc thi ferrate (VI) co
thé duoc san xut bang phu’ong phap dién hoa tai
chd. Hon thé nira, qua trinh téng hop ferrate (VI)
tai chd cung cap mot giai phap thyuc té, duy tri
budc oxy hoa dé tao ra dung dich ferrate (VI) c6
dic, tranh van chuyén va luu trir nguyén liéu.

4.2. Nhuroc diém ciia ferrate trong xit Iy nudc thdi

Qué trinh diéu ché ferrate (VI) sir dung
phuong phap oxi hda uét tiéu ton rat nhiéu dung
dich kiém va do d6 1am cho cac san pham ferrate
(VI) c¢6 do tinh khiét cao tré nén cuc ky dat do.
Hon nita, ngay ca voi ferrate (VI) c6 do tinh
khiét cao (vi du: 99%), no6 van chta cac thanh
phan phu, chu yeu la hydr0x1t kim loai kiém,
clorua va oxit sit, va didu nay khlen ferrate (VI)
dan dan bi phan huy thanh oxit sit. Mot nhuoc
diém khac ctia phuong phép oxy hoa w6t hién tai
1a sir dung hypochlorite; diéu nay s& gy ra cac
tac dung phu ¢6 hai do tao ra khi clo. Do do, yéu
cau cac budc va diéu kién chudn bi can duoc
kiém soat chat ch& [16].

D6 6n dinh cua dung dich ferrate va kha nang
tich trir 1au dai so véi ferrate ¢ trang thai ran van
dang 14 van d& can khéc phuc.

Qué trinh xtr Iy nudc cﬁa ferrate (VI) tao ra
céc chét thai nhu két tha sit hydroxit cung voi
c4c tap chat ban dau trong nudc dit ra yéu cau vé
xir Iy san pham phu tir qua trinh xir Iy nudc thai.

5. Két ludn

Céc két qua nghién ctru tong quan cho thiy,
¢6 thé thyuc hién diéu ché ferrate tir cac hop chat
sat hoa tri 3 bang phuong phap oxi hoa uét. Do
kém 6n dinh cua dung dich ferrate co thé duoc khic
phuc bang cach chuyén ferrate vé dang tinh thé.

Nghién ciru diéu ché ferrate tir nguon nudc
thai giau Fe3* vira c6 thé giam thiéu ngudn nudc
thai nguy hai, giam thiéu 6 nhiém méi truong va
vlra taora san pham c6 gia tri ing dung truc tlep
vao xir Iy ngudn nude thai khac gop phan vao mo
hinh kinh té tuan hoan.

Ferrate 12 hop chit da chirc ning, vira c6 kha
ning keo ty, vira 1a chit oxi hoa manh, chat khir
trung xt 1y nudc thai va tao thanh san pham phu
khong doc hai co thé ing dung hiéu qua trong xir
1y nuéce thai 6 nhiém.

Pé xuit nghién clru ché tao vat liéu ferrate tir
ngudn nude thai gidu Fe?* tmg dung xir 1y nude thai
6 nhiém hudng t6i myc tiéu kinh té tuan hoan.

Loi cam on

Nghién ctru nay dugc thuc hién tai Khoa Tai
nguyén va Méi truong, Hoc vién Nong nghiép
Viét Nam. Tac gid cam on thu vién khoa, cac
thay co da chia sé thong tin va co so dit liéu.
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