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Nghién ciru tinh chat dién hoa va qua trinh tong hop dung dich ferrate(VI)
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Tom tit:

Muc tiéu ciia nghién ctru la so sanh, danh gia tinh chat dién héa va kha niing tong hop dung dich ferrat(VI) trén dién
cwe anot gang xam trong cic dung dich dién ly NaOH 14 M va KOH 14 M. Puong cong phin cuc Tafel cho thiy,
gang xAm dé& in mon hon trong dung dich NaOH 14 M. Phd quét thé tuin hoan chi ra ring, tong hop ferrate trong
dung dich NaOH va KOH sé tao ra cac san phim trung gian nhu: sit(II), sat(IIT), sit tir oxit va hydroxit. Hiéu suit
téng hop ferrate trong dung dich NaOH 14 M cao hon nhiéu so voi trong dung dich KOH 14 M. Nghién ctru ciing
tim ra dwoc mit do dong 40 mA/cm? va thoi gian dién phan 9 gio 13 t6i wu cho qua trinh tong hop ferrate bing anot
gang xam trong dung dich NaOH 14 M. Ngoai ra, nghién ctru di chirng minh sy thay doi cAu tric hinh thai hoc cia
anot sau khi tdng hop ferrate bang cic phwong phap phén tich anh kinh hién vi dién tir quét (SEM) va gian dd nhiéu
xa tia X (XRD). Két qui cho thiy, da cé su hinh thanh 16p thu dong trén bé mit anot sau mét thoi gian dién phan.

Tir khéa: gang xam, 16p thu dong, tinh chit dién hoa, tong hop ferrate dién héa.
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Abstract:

The aim of the study was to compare and evaluate electrochemical properties and capability of synthesising ferrate
on gray cast iron anode in 14 M NaOH and 14 M KOH solutions. Tafel polarisation showed that gray cast iron was
more corroded in 14 M NaOH solution. Cyclic voltammetry spectra showed that ferrate synthesis in NaOH and
KOH solutions would produce intermediate products such as iron(II), iron(III), ferromagnetic oxide, and hydroxide.
The efficiency of ferrate synthesis in 14 M NaOH solution was significantly higher than that in 14 M KOH solution.
The study also found that the current density of 40 mA/cm’ and electrolysis time of 9 hours were optimal condition
for ferrate synthesis using gray cast iron anode in 14 M NaOH solution. In addition, the study also showed the
change in the morphological structure of the anode surface after electrolysis by scanning electron microscopy (SEM)
analysis method and X-ray diffraction (XRD) patterns. The results showed that there was a passive layer formed on
the anode surface after a period of electrolysis.
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1. Dt van de

Ferrate(VI) 1a mot chat oxy hoa rit manh véi thé khir
1én tdi 2,2 V trong moi trudng axit nén nod cd kha nang oxy
hoa higu qua nhiéu hoa chat doc hai vo co cing nhu hitu co
[1-3]. Bén canh do, ferrate con la mot chat keo tu va khir
tring nén c6 tiém ning dugc s dung nhiéu trong qué trinh
xir Iy nuée va nude thai [4-6]. Co ché phan g oxy hoéa hop
chat hitu co doc hai cua ferrate(VI) thé hién trén hinh 1 gdm
cac buoc: (i) tao ra Fe(V) va Fe(IV) thong qua qué trinh
nhan 1 e va 2 e (ii) tao ra cac géc tu do va cac dang Fe(V)
va Fe(IV); (iii) cac phan ting tiép theo ciia Fe(V) va Fe(IV)
v6i chit 6 nhiém; (iv) phan tmg tu phan hiy cia Fe(V),
Fe(IV) va Fe(VI); (v) phan Gng cua ferrate voi oxy hoat
dong nhu O,~ H202, san phim cua qué trinh ty phan hay
[7, 8]. Trong qué trinh oxy hoda va khu trung, ferrate(VI) bi
khur thanh Fe(III), mot chét keo tu manh. Do do, qua trinh
keo tu va tao bong s& xay ra khi sir dung ferrate dé oxy
hoa va khtr trung cac chit 6 nhiém trong nudc, chét keo tu
nay c6 kha ning loai bo cac chit 6 nhiém vo co nhu: ion
asen(V), cadimi(II) va dong(II) [9, 10].

n\'+}\;0/ Fe'V+ X'(0) » Fe"+ XY0)

k :

N4 14

X b X s

) ),Fa"-" ),Fc' * Fe!

1 'l a 1 1 " -

| |

x‘-'i{'ﬂl X ' \"‘x{m
™~

(0]

Hinh 1. Co’ ché phan (rng oxy héa hop chat hivu co X bang ferrate
[71.

Hién nay, co ba phuong phap tong hop ferrate bao gom:
hoéa hoc u6t, nhiét va dien hoa [11-14]. Trong do, phuong
phéap dién hoa gan day ndi 1én 1a mot phuong phap don gian,
khong sir dung hoa chat va khong c¢6 san pham phu doc hai,
thoi gian tong hop ngin, gia thanh thap [15- 17]... Ngoai
ra, phuong phap dién hoa c6 thé dugc s dung dé téng hop
ferrate tai chd (in-situ) dé xu ly tryc tiép ngudn nude thai
6 nhiém, vi vay co thé giai quyét dugc nhuge diém khong
bén cua ferrate va kho khin trong qué trinh bao quan va van
chuyén [18, 19].

Trong phuong phap dién hoa, ferrate dugc tong hop bang
cach hoa tan anot trong moi trudng kiém dic [20]. Hiéu
sudt cuia qua trinh tong hop ferrate phu thudc nhiéu vao vét
liéu dién cuc anot, chét dién ly, méat do dong di¢n, nhiét
do va thoi gian dién phan [19, 21]. Vat li€u anot st dung
cho qua trinh tong ferrate dién hoa thuong 1a sit hodc hop
kim cua sit nhu thép CT3, gang xam, gang trang... [22-24].
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K. Bouzek va cs (1996) [25] dd nghién ctru tong hop ferrate
trén dién cuc gang xam trong moi truong dién ly NaOH
14 M. Hiéu suét dong dién cuc dai sau 180 phut dién phan
& mat do dong 32 mA/cm? 1a 11%. Trong mot nghién ciru
khac, M. Diaz va cs (2021) [26] di so sanh téng hop ferrate
trén cac vat lidu anot khac nhau 1a thép, gang tring va gang
xam trong mdi trudng NaOH 10 M va KOH 10 M. Két qua
cho thay, so sanh giira cac vat liéu anot thi anot gang xam
¢6 hiéu suat dong tong hop ferrate 16n nhat va ning luong
tiéu thu riéng nho nhat, dung dich dién phan NaOH 10 M
1a toi uu, trong do, sau 180 phut dién phan thi gang xam c6
hiéu suét dong dat khoang 30%. Theo X. Sun va cs (2018)
[27], ferrate dugce téng hop trén anot gang xam va st xOp
két qua sit x6p c6 hiéu suat tong hop cao hon. Gang xam ¢6
ham luong silic cao ciing duoc sir dung dé tong hop ferrate
trong dung dich NaOH 15 M, hiéu sudt dong dién dat 20-
40% [28].

Dung dich dién ly 1a mét yéu t6 quan trong anh hudng
t6i qua trinh tong hop dién hoa ferrate. Dung dich dién ly
thuong ding c6 thé 1a NaOH, KOH hodc hdn hop 2 hydroxit
d6 [29]. P c6 nhiéu cong trinh so sanh hi¢u qua tong hop
ferrate trong dung dich NaOH va KOH. Trong do, nhiéu
nghién ctru di cho thdy su vuot tréi vé hiéu sudt tong hop
cua ferrate trong moi truong NaOH so voi dung dich KOH
[15, 30]. Tuy nhién, theo mot s6 tai liéu thi KOH lai la chat
dién ly t6t hon NaOH [31]. Nong do OH' ciing anh huong
dang ké dén do bén va hiéu suat dong ctia qua trinh tong hop
ferrate. Theo nghién ciru trude ciia chung t6i, ndng do OH-
t6i wru cho tong hop ferrate dién hoa 1a 14 M [20].

Do vay, trong bai bao nay, chiing t6i s& nghién ciru tong
hop ferrate bang phuong phap dién hoa sir dung dién cuc
anot la gang xam, mot loai vat li¢u ré tién, d& kiém. Nghién
ctru tién hanh so sanh tinh chit dién hoa bao gdm: phd quét
thé tudn hoan (CV) va duong cong phan cuc Tafel ctua di¢n
cuc anot gang xam trong dung dich dién ly NaOH 14 M va
KOH 14 M dé danh gia tac dong cua ching dén qua trinh
tong hop ferrate. Ngoai ra, cac yéu t6 anh huong téi qua
trinh tong hop nhu mat d6 dong dién, thoi gian dién phén
ciing s& dugc nghién ctru dé tim ra diéu kién tong hop tdi .

2. Nguyén vat liéu va phuong phap nghién ciu
2.1. Nguyén vt li¢u

Natri hydroxit (NaOH - 97%) va kali hydroxit (KOH -
90%) cua Hang Aldrich - Sigma. Dién cuc anot dugc ché
tao tir vat liéu gang xam c6 ngudn gdc tir Cong ty TNHH
Mot thanh vién Co khi Ha Néi v6i thanh phan gém: Fe, C,
Si, Mn, S va P lan luot chiém 92,480; 5,214; 1,778; 0,496;
0,021 va 0,011%. Bién cuc anot c6 hinh try duong kinh thiét
dién 1 cm, duoc quan bang Teflon xung quanh. Dién tich
hoat dong cta dién cuc anot la 0,785 cm? va dién cuc dugc
xir Iy bé mit bang gidy nham 400 va 600, sau d6 trang sach
bang nudc cat va dung dich hdn hop etanol, axeton cé ty 1&
thé tich 50:50 trudc khi tién hanh thuc nghiém.



2.2. Nghién civu cdc tinh chit dién hod va tong hop
ferrate

Céc phép do dién hoa va qua trinh téng hop dung dich
ferrate dugc tién hanh trén thiét bi dién hoa IM6 Zahner
elektrik (Puc) su dung h¢ 3 dién cuc gém: dién cuc so sanh
Ag/AgCl (dung dich KCl bao hoa), dién cuc dbi titan, dién
cuc lam viéc gang xam.

Dic tinh dién hoa cta gang xam dugc nghién ciru biang
phuong phap do dudng cong phan cuc Tafel va phd quét thé
tuan hoan (CV) trong 40 ml dung dich NaOH 14 M va KOH
14 M. Phan cuc Tafel duoc thuc hién vé6i téc d6 5 mV/s,
quét trong khoang thé £150 mV so v&i thé mach hé. Pho CV
dugc do trong khoang thé -1,55 dén 0,55 V véi toe do quét
40 mV/s, 150 chu ky.

Qué trinh tong hop ferrate trong méi truong NaOH 14
M va KOH 14 M duoc thuc hién bé‘mg ky thuat dién phan
dong khong d6i véi thoi gian dién phan 1a 1 gio va mat do
dong khao sat thay ddi tr 10, 20, 30, 40 va 50 mA/cm?.
Thoi gian dién phan khao sat thay do6i trong khoang tur 1
dén 20 gio trong 40 ml dung dich NaOH 14 M, mat d6 dong
40 mA/ cm2 Nhiét d6 ciia hé trong tat ca cac phép thi nghiém
dugc gitr on dinh tai 35°C. Dung dich ferrate sau tong hop s&
dugc tién hanh do UV-Vis trén thiét bi DR6000, Hach (M¥)
dé xac dinh ndng do.

Su thay ddi bé mat dién cuc anot duoc danh gia bﬁmg
phuong phap XRD, SEM. Trong d6, gian db nhiéu xa tia X
duoc do trén thiét bi DS-ADVANCE (Ptrc), anh SEM dugc
chup trén thiét bi FE-SEM Hitachi S-4800 (Nhat Ban). Mau
dién cyc anot trude khi dién phan dugce xu ly tuong tu trude
khi tong hop ferrate, mau dién cuc sau khi dién phan ciing
duogc trang rira sach, sau do hut chan khong dé tranh bi oXy
hoé trong khong khi.

2.3. Tinh todn higu sudt téng hop va toc do an mon

Hiéu suat: Hiéu suét tong hop (H) duoc tinh theo cong thire (1):
= ()
myr
trong do: m, 1a khdi luong ferrate thyc té thu dugc; m, la
khdi luong ferrate tinh theo ly thuyet

Khéi luong ferrate ly thuyet m, . duoc tinh theo dinh luét
Faraday:

myp- @
trong d6: M 1a khoi luong mol cua ferrate (g/mol); t 1a thoi
gian dién phan (s); z 1a so electron trao doi; F 1a hang so
Faraday (F=96500 C/mol); I 1a cuong d¢ dong dién (A).

Tbc 6 an mon: Toc dd dn mon (T,) dugc tinh theo cong
thue:
K. lam Mtq

(mm/nam) 3)

Tam
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trong d6: K 1a hang s6 (K=3272 mm/(A.cm.nim)); i lamat
do dong d@n mon (A/cm?®), M, 1a trong luong tuong duong
(), D 1a khéi lwong riéng (g/cm3)

3. Két qua va ban luan

3.1. Nghién ciru tinh chit dién héa ciia anot gang xdm
trong cdc dung dich KOH 14 M va NaOH 14 M

1. E+00 1
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Hinh 2. Bwéng cong phan cwc Tafel ciia gang xam trong dung
dich NaOH 14 M va KOH 14 M.

Bang 1. Téc d6 &n mon cua gang xam trong 2 dung dich NaOH 14
M va KOH 14 M.

Thong s6 NaOH 14 M KOH 14 M
Mat d6 dong an mon (pA/em?)  19,236+1,019 11,235+1,265
Dién thé an mon (V) -1,148+0,047 -0,793+0,010
Tée do an mon (mmpy) 0,224+0,011 0,130+0,015

Kha nang an mon cua vat liéu gang xam trong moi
truong kiém dic duoc xac dinh bang duong cong phéan cuc
Tafel thé hién trén hinh 2. Trong moi trudong kiém dic, sit
trong gang xam s€ bi an mon tao thanh Fe(Il) hoa tan dang
dihypoferrite theo phuong trinh phan tng (4) [32]. Kha
ning an mon cua gang xam chinh 14 kha ning oxy hoa sat
trong méi truong kiém dic.

Fe+2H,0 — HFeO, +3H"+2¢ 4)

Két qua bang 1 thé hién gid tri dién thé n mon cua gang
xam trong NaOH 14 M thép hon va mat d6 dong dn mon
cao hon trong moéi truong KOH 14 M. Nhu vay, qua trinh
in mon clia gang xam trong mdi trudng NaOH 14 M dién ra
dé dang hon. Piéu nay ciing dugc chirmg minh qua viéc tinh
toan toc do dn mon theo cong thirc (3). Tdc dd dn mon cia
gang xam dat gia tri 0,224 mmpy trong moi truong NaOH
14 M va dat 0,130 mmpy trong moéi truong KOH 14 M. Do
viy, sit dé dang bi oxy hoa trong dung dich NaOH 14 M.

Hinh 3A, 3B thé hién phé CV cua gang xam trong dung
dich KOH 14 M va NaOH 14 M tai cac chu ky quét khac
nhau. Phé CV cia anot gang xam trong ca hai dung dich
trén déu co 4 pic oxy hoa va 4 pic khir. Trong do, 4 pic oxy
hoa O1, 02, 03, O4 tuong tng véi timg qua trinh thay doi
s6 oxy hoa cua sat trén bé mat dién cuc trong moi trudng



Khoa hoc Tu nhién | Héa hoc; Khoa hoc Ky thuét va Cong nghé | Ky thuat héa hoc

kiém dic. Cac qua trinh nay xuat hién lan lugt theo chiéu
tang dién thé nhu sau: Fe — Fe(Il) — Fe,O, — Fe(Ill) —
Fe(VI) [20]. Nhu vay, pic oxy héa O1, 02, O3 déc trung cho
su hinh thanh cac san pham trung gian (FeO, Fe,O,, Fe,0,)
va dinh O4 dac trung cho qua trinh hinh thanh ferrate. Pinh
04 dic trung xuat hién trong ving thoat khi oxy nén cé sy
canh tranh giita phan ung hinh thanh ferrate va phan ung
dién phan nudc trén bé mit anot.
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Hinh 3. Phd CV clia gang xam trong dung dich: (A) KOH 14 M,
(B) NaOH 14 M, (C) Chu ky thir 100.
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Khi ting sb chu ky quét tir 1 1én 150, chiéu cao cua tat
ca cac pic oxy hoa va pic khir trong moéi truong NaOH va
KOH déu tang dan va ¢6 su dich chuyén nhe vi tri cac pic.
So sanh chu ky 100 cua gang xam trong dung dich NaOH
14 M va KOH 14 M (hinh 3C) cho théy c6 mot sy khac biét
o pic O2. Pic O2 trong dung dich KOH 14 M cao hon trong
dung dich NaOH 14 M, pic O2 tuong ting v&i qua trinh hinh
thanh ‘Fe3O > day 1a thanh phan chinh trong 16p thu dong
trén bé mat anot trong qua trinh tong hop ferrate [33]. Do
vdy, qué trinh tong hop ferrate trong méi truong KOH ¢6
kha nang hinh thanh 16p thy dong trén bé mit anot cao hon
trong moi truong NaOH, diéu nay s& lam giam hi¢u sut
tong hop ferrate.

3.2. Tong hop di¢n héa ferrate

Anh hudng cua mat d§ dong: Quan sat hinh 4 cho théy,
ddi voi dung dich dién ly NaOH 14 M, khi tang mat d6 dong
tir 10 1én 40 mA/cm?ndng do ferrate ting dan tir 103,87 1én
265,82 mg/l nhung hiéu suat lai giam dan tir 70,18 xubng
con 46,21%. Viéc tang mat do dong tuc 1a tang dién lugng
dén bé mit dién cuc trong mét don vi thoi gian gitp cho
ferrate duoc sinh ra nhiéu hon, 1am cho néng do ferrate tao
thanh ting. Tuy nhién, vi phan tmg ferrate dién ra trong
vung thoat khi nhu phan tich trén phé CV, nén c6 su canh
tranh gilta phan Qng tao ferrate va phan ung thoat khi O;.
Khi dién lugng dén bé mat anot tang, qua trinh oxy hoa sat
chua kip xay ra, phan dién luong nay sé dién phan nudc, dan
dén giam hiéu suit dong dién. Tiép tuc ting mat do dong
1én 50 mA/cm? thi ca ndng do ferrate va hiéu suat déu giam
manh. Theo cac nghién ctru truée do, viée tang mat do dong
dan dén mot ph?m 16m dién Iugng bi ti€u hao cho phan tng
phan tach nudc [15, 34, 35]. Qua trinh nay tao ra lugng lon
khi O, thoat ra tai bé mit anot, gdy can trg su tiép xuc giita
dién cuc va dung dich dién ly [35, 36]. Vi vay, phan ung
hoa tan anot dé tao ferrate bi han ché, 1am giam ca néng do
ferrate thu duoc va hiéu suét téng hop. Do vay, mat d6 dong
t6i wu dbi v6i qua trinh tong hop dién hoa ferrate trong dung
dich NaOH 14 M 1a 40 mA/cm?.
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Hinh 4. Anh hwéng clia mat dé dong t&i néng dé ferrat (A) va hiéu suat téng hop (B) trong dung dich NaOH 14 M va KOH 14 M.
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Déi voi dung dich dién Iy KOH 14 M, tai mat d6 dong 10
mA/cm?, lugng ferrate tao thanh gan nhu khong c6, nguyén
nhan 1a do mat do dong thap khién dién thé anot khong du
16n @ hinh thanh ferrate ma chi tao thanh cac hop chét
trung gian nhur oxit sat tir, sat(IIl) oxit va sat(III) hydroxit.
Mat do dong tang 1én 20 mA/cm?, ndng do ferrate va hi¢u
suit dat gia tri cao nhéat 1an luot 1a 54,62 mg/l, 18,82%. Tuy
nhién, tiép tuc taing mat d dong 1én thi néng do ferrate va
hiéu sudt tong hop lai giam do su canh tranh véi phan tmg
thoat khi oxy. Nhu vay, mat d§ dong tdi wu cho qué trinh
tong hop ferrate trong dung dich KOH 14 M 1a 20 mA/cm?.

Khi so sanh hiéu suat tong hop ferrate trong dung dich
KOH 14 M va dung dich NaOH 14 M cho thiy, nong do
ferrate va hiéu suat tong hop trong dung dich NaOH 14 M
cao hon hin trong dung dich KOH 14 M, ¢ tit ca cac mat
d6 dong khao sat. Co ba nguyén nhan chinh gay ra sy chénh
léch nay. Thir nhat 14 do dung dich KOH c6 d6 nhét thap
hon nhiéu so v&i dung dich NaOH 14 M, dan dén cac phan
tt H,O trong dung dich KOH tr¢ nén linh dong hon nhiéu
lan [37] Trong khi d6, ferrate 1a mot chit oxy hoa kém bén
dé dang bi phan huy do phan tng v&i cac chinh cac phan tir
H,0O c¢6 trong dung dich [38]. Do vy, viéc tang su tiép xtc,
va cham gitra cac phén tr H,O va phan tir ferrate trong moi
truong KOH 14 M, dan dén phan g phén huy ferrate dién
ra nhanh va manh, lam anh huéng dén higu suét tong hop
[30]. Nguyén nhan tht hai 1a qué trinh hinh thanh ferrate
trén bé mat anot gang xam trong moi truong KOH dién ra
kém hon so véi trong moi truong NaOH, do kha nang oxy
hoa sat trén bé mat anot kém hon trong méi truong KOH
(theo phan tich & phan cyc Tafel). Thém vao do, trong moi
truong KOH qua trinh thoat khi dién ra manh mé& hon, lam
can tro sy tiép xuc giita chat dién ly va bé mat anot.

Nhu vy, tong hop ferrate trong dung dich chat dién ly
NaOH 14 M cho hiéu qua vuot troi hon nhidu, mat d6 dong
t8i uu 12 40 mA/cm>. Dung dich NaOH 14 M dugc lya chon
cho céc nghién ciru tiép theo.

Anh huong cia thoi gian dién phan: Hinh 5A thé hién
su phu thudc dién thé dap tng theo thoi gian ctia qua trinh
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tong hop ferrate bang phuwong phap dong khong doi tai mat
d6 dong 40 mA/cm?. Quan sat hinh 5A thiy rang, trong 4
gio dau dién thé giam rat nhanh, sau d6 duy tri 6n dinh ¢
5 gio tlep theo. Pién thé dap {Umg cao 6 nhitng gio dau tién
1a do tong tré dién hoa ban dau cao, nén can phai c6 ngudn
nang luong 16n dé pha v cdu tric trén bé mat anot, sau khi
pha v& duogc cdu trac thi phan ung dién hoa dé dang xay ra
va khi d6 dién thé dap ung s& giam déan, sau do 1a duy tri 6n
dinh. Tuy nhién, sau 9 gio thi dién thé dap tng lai ting dan
do luc nay 16p thu dong dan hinh thanh va day 1én, 1am ngin
can qua trinh dién hoa dién ra trén bé mit dién cuc [33].

Hinh 5B thé hién anh huong cua thoi gian dén nong do
va higu suat tong hop ferrate. Tang thoi gian dién phéan tir
1 1én 9 gid thi ndng do ferrate ting tir 265,82 1én 1181,03
mg/l, nhung hiéu sudt cua phan Gng giam dan tir 46,61
xudng con 23,01%. Thong thuong, sy suy giam hiéu suit
trong qua trinh tong hop ferrate do hai yéu t6 d6 1a sy phan
huy cua ferrate va sy hinh thanh cua 16p thy dong [15]. Theo
mot cong bd gan day [33], khi nghién ctru vé sy hinh thanh
16p thu dong trén bé mat anot cho thay, trong 6 gio, 16p thu
dong hinh thanh it, gan nhu khong anh hudng t6i hidu suat
téng hop. Trong mot cong bd khac [39], nghién ciru vé kha
ning phan hiy cua ferrate (tai 30°C, voi ndng do ferrate
ban dau 1365 mg/l) cho thay, sau 7 gio ferrate bi phan hay
khoang 23%. Do vy, su suy giam hiéu suét trong giai doan
dau chu yéu do sy phan hily cua ferrate. Sau 180 phit dién
phan, hiéu suét tong hop ferrate dat 42%, cao hon so véi
céc cong bd trude day [25, 26, 28]. Tuy nhién, ¢ giai doan
sau, khi thoi gian dién phan ting tir 9 dén 20 gio khong
nhitng hiéu suit phan tng giam ma ca ndng do ferrate tao
thanh ciing giam. Nguyén nhan 1a do ndng d¢ ferrate cao
nén tdc do phan hiy nhanh hon, két hop vé6i su hinh thanh
16p thu dong trén bé mit anot 1am qué trinh oxy hoa sat
thanh ferrate dién ra kho khan [13, 33]. Nhing diéu nay dan
dén luong ferrate tao thanh it hon do qua trinh phan hiy. Do
vay, sau mot khoang thoi gian lam viéc, anot can duge lam
sach bé mit dé loai bo 16p thy dong, dam bao cho qua trinh
tong hop ferrate dién ra hiéu qua.
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Hinh 5. (A) Sw phu thudc dién thé theo th&i gian trong qua trinh tdng hop ferrat; (B) Anh hwéng clia thei gian téi ndng do va higéu suét

téng hop ferrat trong dung dich NaOH 14 M.
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3.3. Nghién cvru ciu triic hinh thdi hoc ciia anot gang xdm
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Hinh 6. Gian dé nhiéu xa tia X chia gang xam trwéc va sau téng
hop ferrate trong dung dich NaOH 14 M.
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trén bé mit anot [33]. Lp thu dong nay c6 céu trac dang
vay, xép, duoc thé hién trén anh SEM cua bé mat gang xam
sau 9 gio dién phan (hinh 7B). Vi vdy, sau mot thoi gian
dién phan thi dién cuc anot gang x4m can phai loai bo 16p
thy dong dé khong anh hudng t6i hiéu suit tong hop ferrate.

4. Két luan

Tinh chét dién hoa cia dién cyc gang xam trong hai
dung dich dién ly KOH 14 M va NaOH 14 M cho thdy,
sat d& dang bi oxy hoa hon trong méi truong NaOH 14 M.
Qué trinh tong hop ferrate trong dung dich NaOH 14 M ¢6
hiéu suit cao hon nhiéu so véi dung dich KOH 14 M. Mat
d6 dong t6i wu ctia qua trinh tong hop ferrate trong dung
dich NaOH 14 M bang anot gang xam dwoc xac dinh 1a
40 mA/cm?. Két qua phan tich phd CV cho thay, qua trinh
tong hop sat ferrate s& hinh thanh céc hop chat trung gian la
céc oxit va hydroxit sat(Il, IIT) va sit tir. Cac chat trung gian
chua kip chuyén hoa thanh ferrate s&
tich tu dan trén bé mit anot tao thanh
mot 16p thu dong. Ngoai ra, gian do
nhiéu xa XRD con ching minh 16p thy
dong nay dugc tao thanh boi graphit cd
trong gang xam. Lop thu dong nay sé€
day 1én theo thoi gian gay can tré qua
trinh dién hoa dién ra trén bé mat anot,
thé hién qua viéc dién thé dap tmg ting
1én va hiéu suét téng hop ferrate suy
giam sau 9 gio dién phan.

L01 CAM ON

Hinh 7. Anh kinh hién vi dién tir quét bé mit anot gang xam (A) trwéc va (B) sau tong hop

ferrate trong dung dich NaOH 14 M.

Hinh 6 va 7 1a gian d6 nhiéu xa tia X va anh SEM ctia bé
mit anot gang xam trudc va sau 9 gio tong hop ferrate. Gian
dd XRD cua bé mit gang xam trude khi dién phan xuét hién
3 dinh nhiéu xa & cac goc 20 44,82°, 65,16° va 82,60 lan
lugt twong ng voéi cac miat nhidu xa (110), (200), (211) dic
trung cho céu trac ferit (a-Fe), thanh phan chii yéu c6 trong
gang xam. Ngoai ra, con c6 mot dinh nhiéu xa nhé & goc 20
26,62° twong g véi dinh nhiéu xa dic trung cia mit nhiéu
xa (002) ctia cau tric graphite c6 trong gang. Diéu nay duoc
thé hién 13 trén anh SEM ctia bé mat gang xam trude khi
dién phan xudt hién cac vét mau den twong Gmg 1a cdu tric
graphit & dang phién. Sau 9 gid dién phan tong hop ferrate,
cac dinh nhiéu xa dic trung cho cAu trac ferit co cuong do
th?ip di. Nguoc lai, cac dinh nhiéu xa dic trung cho cAu trac
graphit ¢6 cuong do 16n hon. Két qua nay dugc giai thich
do 16p sat bi hoa tan dan thanh ferrate trong qué trinh dién
phan dé 16 cau trac graphit phia trong, khi ting thoi gian
dién phan 1én thi lugng graphit s€ tang 1én va bao phu bén
ngoai bé mat anot. Ngoai ra, dinh nhidu xa cua sat thap di
mot phﬁn ¢6 thé con do sy hinh thanh 16p thu dong sat oxit
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