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SUMMARY

REMOVAL OF PHENOL FROM AQUEOUS SOLUTIONS BY INTERNAL
MICROELECTROLYSIS ON THE Fe-C MATERIALS

Fe-C materials are made from powder Fe and graphite carbon powder, then determine the

characteristics of surface morphology, structure, composition by Scanning electron microscopy (SEM),
X-ray diffraction (XRD), Energy Dispersive X-ray Spectroscopy (EDX). Materials Fe-C is used
removal of phenol from aqueous solution by internal microelectrolysis. The results show that with

optimal conditions for phenol decomposition is pH of 4, contact time of 12 hourss, material weight of

2,5 g, shaking rate of 200 revolutions per minute (rpm), phenol removal efficiency is 91,54%, with the

initial concentration is 102,90 mg/L. The results show that materials Fe-C can be applied to remove

phenol from aqueous solution by internal microelectrolysis.
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1. MO PAU

Trong nhimg nim gan day, trén thé gioi da co
nhiéu nghién ctru va tmg dung phuong phép ndi
dién phan vao qué trinh tién xir Iy nudc thai, dic
biét 12 nudc thai cong nghi€p. Phuong phap nay
duoc tng dung dé xur 1y cac loai nudc thai cong
nghiép chtra cac chét hiru co kho phan huy sinh
hoc, ¢6 nong do chit 6 nhidm cao. Déi tuong
nudc thai ¢ thé sir dung phuong phap nay la:
nude thai dét nhudm, duoc ph:?im, cong nghi¢p
giéy, cong nghiép san xut thude bao vé thue vat,
cong nghiép san xuat thube nd, cong nghiép son
ma, cong nghiép loc héa dau, cong nghiép san
Xuét phan dam va nudc thai sinh hoat, nudc thai
cbe hoa [1-10]. Nguyén Iy ciia phuong phép noi
dién phan: Hai vét liéu c6 thé dién cuc khac nhau,
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khi tiép xtc tao thanh cap vi dién cuc, ddi voi hé
Fe-C, Fe-Cu sit dong vai trd anot, dong hay
cacbon la catot, trong ty nhu cap vi pin trong an
mon kim loai. Vi cip vi pin c6 dién thé khoang
1,2 V, dong dién nho ¢& pA xuat hién, dong vai
trd tac nhan oxy hoéa khur trong phan tng phan
hity cac hop chat hiru co hdp phu trén bé mit dién
cuc. Do ¢6 nguyén ly nhu vay, qua trinh vi dién
phan Fe-C, Fe-Cu con goi 1a qua trinh ndi dién
phén (internal microelectrolysis). Tir d6 cho thy,
¢6 thé hoa tan sit khong can sir dung dong dién
ngodi, bang cach thiét lap cac cap vi pin dudi
dang vt lidu t6 hop Fe-C hay Fe-Cu, day 14 uu
thé quan trong trong k¥ thudt ndi dién phén tién
xt ly nude thai [1-10]. Cac phan ing xay ra trong
qua trinh ndi dién phan nhu sau:



Phan tng tai anot (Fe):

Fe — Fe**+2e E%Fe*'/Fe) =- 0,44V

Phan ting tai catot (C):

2H" +2e — 2[H]=H, E%H'/H,)=0,0V
Néu trong dung dich c6 mit cac chét hiru co:
RX (hop chét clo hitu co), RNO, (hop chat
nitro vong thom), day 1a cac thanh phan c¢6 kha
nang nhén electron tir trén bé mat anot (Fe kim
loai), chiing bi khir theo phan ung loai clo va
amin hoa. Khi d6 chit 6 nhim s& chuyén
thanh cac san phém khong ddc hoac it doc hon,
d& phén hity bang sinh hoc hon

Dé nang cao hiéu qua xir Iy nudc thai cde hoa
c6 chira phenol trong bai bao nay chung toi da
nghién ctru anh huéng cia cac yéu td nhu pH,
thoi gian xir 1y, khéi lwong vat lidu Fe-C, toc
do lac, néng dd dén hiéu suit phén huy phenol
cua vat liéu Fe-C trong méi truong mréce.

2. VAT LIEU VA PHUONG PHAP

2.1. Ché tao vat liéu

Héa chit: Bot Fe kich thude nhé hon 50pum,
tinh khiét 99,9 % (PA, Trung Qudc), Bot
graphit, kich thudc hat nho 50pum, tinh khiét
99,95 % (PA, Trung Qubc), (NH4).CO; (PA,
Trung Qudc).

Chuin bi miu: MAu vit liéu noi dién phan Fe-
C dugc ché tao nhu sau: Tron hdn hop theo ty
1¢ v& khdi luong 95 % Fe, 3 % graphit, 2% phu
gia két dinh bentonit. Vat liéu dugc ép thanh
khéi, siy & 80 -105°C trong 2h, sau d6 tién
hanh nung két khéi & 500-600°C, trong thoi
gian 4 h. bé ngudi ty nhién. Vat liéu sau do
duogc bao quan trong binh hut 4m (desiccator) dé
str dung cho céc nghién ciru tiép theo.

2.2. Khdo sat chu tric, thanh ph?m, tinh
chit vat Iy, dic diém bé mit vét liéu Fe-C
Vat ligu Fe-C sau khi ché tao dugc xdc dinh
dic diém bé mat, thanh phin bing phuong
phap hién vi dién tir quét (SEM), phd tan xa
nang lugng (EDS) (trén may SEM- EDS, JSM
6610 LA - JEOL, Nhat Ban), cac phép do dugc
tién hanh tai Vién Hoa hoc - Vat li¢u, Vién
Khoa hoc va Cong nghé Quan sy. Céu tric cua
vat liéu duogc xac dinh béng phuong phap
nhidu xa tia X (XRD) (trén méay Brucker,
D5000), phép do duoc tién hanh tai Khoa Hoa
hoc - Pai hoc Khoa hoc Tu nhién Ha Noi.
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2.3. Nghién ciru phan hiy phenol

Céc yéu t6 anh huong dén qua trinh phéan huy
phenol dugc tién hanh khao sat la: pH dung
dich, thoi gian, khéi lugng Fe-C, néng do
phenol ban dau ¢ nhiét d6 phong, toc do lic.
Anh huong cua pH duge thuc hién bé‘tng cach
cho 2,5 g vat liéu ndi dién phan Fe-C vao binh
tam gidc chtra 100 mL dung dich phenol co
ndng d6 ban dau 100 mg/L, pH thay ddi tir 3-8,
Tién hanh rung siéu am 10 phut, lic trén may
lic v6i thoi gian 12h, toc do lac 200 vong/phut.
Dung dich pH dugc diéu chinh bing cac dung
dich HNO3; va NaOH 0,1M.

Anh huéng cua thoi gian phan hiy phenol
dugc thuc hién bang cach cho 2,5 g vat liéu ndi
dién phan Fe-C vao binh tam giac chaa 100
mL dung dich phenol c¢6 néng d6 dau 100
mg/L, & pH bang 4. Tién hanh rung siéu am 10
phut sau do lac trong thoi gian 2, 4, 6, 8, 10, 12
gio, toe do lac 200 vong/phut.

Anh huéng ctia khéi lugng vat liéu Fe-C dugc
thyuc hién bang cach cho vao mdi binh tam giac
¢6 dung tich 250 mL céc khoi lugng khéc nhau
cua vt liéu 1an lwot 1a: 0,5; 1,0; 1,5; 2,0; 2,5;
3,0; 4,0 g. Cho tiép vao mdi binh tam giac trén
100 mL dung dich phenol ¢6 ndng do dau 100
mg/L, & pH bang 4. Tién hanh rung siéu am 10
phut, lic 12 gid, tdc do lac 200 vong/phut.

Anh hudng cua tdc do lac duge thuc hién béng
cach dua 2,5 g vat liéu vao binh tam giac chira
100 mL dung dich phenol ¢6 ndng do dau 100
mg/L ¢6 dung tich 250 mL, & pH bang 4. Tién
hanh rung siéu am 10 phut, lic trong thoi gian
12 gio, téc d6 lac thay d6i tir 150, 200, 250
vong /phtt).

Anh huéng cia ndng d6 ban dau cua phenol
duogc thuc hién béng cach thay ddi néng do tr
51,13 dén 308,31 mg/L, gia tri pH bang 4.
Tién hanh rung siéu am 10 phit, lic 12 gio, toc
do 1ac 200 vong/phit.

Céc thi nghiém duogc tién hanh ¢ nhiét do
phong (25°C+ 0,5). Sau dé xac dinh lai ndng
d6 cua phenol trong dung dich. Nong d6 cua
phenol trude va sau khi xtr Iy bang vat liéu Fe-
C dugc xac dinh bang phuong phap HPLC,
thuc hién trén may Hitachi UHS5300 tai Truong
DPai hoc Su pham - Dai hoc Thai Nguyén.



Hiéu suat phan hay phenol dugc tinh theo cong
thure:

H % = "X 100% (1)

Trong d6: Co 1 ndng do dung dich phenol ban
dau trude khi phan huy (mg/L), Ce 12 13 ndng
d6 dung dich phenol sau khi phan hiy (mg/L),
H 12 hiéu suat hap phu (%).

3. KET QUA VA THAO LUAN

3.1. Két qua khio sat dic diém bé mit, tinh
chit vat Iy cia vat liéu Fe-C

Két qua phan tich anh SEM-EDS dugc chi ra &
trén hinh 1,2 va bang 1. Két qua phan tich anh
SEM cho théy cAu tric céc hat bot Fe, C dugc
phan b twrong di ddng déu trén bé mit, kich
thudc nho hon 50um. Két qua phéan tich EDS
(bang 1) cho thiy, thanh phan nguyén té chinh
cua vat li€u 1a Fe, C, O; ngoai ra c6 mot $6
nguyén td tap chat khac nhu Si, Al, Ca. Su
xudt hién ctua O trong két qua phan tich cho
thdy trong qua trinh bao quan mau bi oxi hoa
nhiéu trén bé mat. Con cac cic nguyén to tap
chat khac (Si, Al, Ca) xuét hién 1a do co trong
thanh phan chit phu gia két dinh bentonit.

1 Electron Image 1

Z00pm

Hinh 1: Anh SEM cia vit liéu Fe-C

Két qua phan tich XRD (hinh 3) cho thiy Fe
trong mau Fe-C bi oxi hoa nhiéu, c6 xuét hién
cAu truc cia Fes04 va Fe,Os trén bé mat vat
lidu. C6 thé nhan thiy cac pic clia cac oxit nay
tuong ung véi cac dinh & 20 =45,5° 20 =
63° cia Fes0;, 20=36° cua Fe,O; va

260 =34,5° cia Fe xuét hién & cuong do thap hon.
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Hinh 2: Phé EDS cua vit liéu Fe-C

Bdng 1: Két qua phdn tich cdc nguyén t6

Nguyén t6 | % khoi lwong | % Nguyén tir
CK 14,59 23,57
0K 50,16 60,86
AlK 1,89 1,36
SiK 5,47 3,78
CaK 5,40 2,61
Fe K 22,48 7,81

Totals 100,00 100,00

Faculty of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Fe-C-O
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¥

Hinh 3: Gian dé XRD cua vit liéu Fe-C

3.2. Két qua phan hity phenol

3.2.1. Anh hwéng ciia pH

Két qua nghién ctru anh hudéng cua pH thé hién
trong hinh 4. Két qua hinh 4 cho théy, vdi gia
tri pH tir 3 dén 4, hiéu suat phan huy phenol
tang dan dat gia tri cao nhét 90,21 tai gia tri pH
bang 4. Khi gia tri pH ting tir 5-7 thi hiéu suét
phan hiy phenol lai giam. Diéu nay c6 thé giai
thich trong qua trinh phan huy phenol bao gém
cac qua trinh: qué trinh phan hiy do tac dong
cua vat liéu ndi dién phan, qua trinh hép phu,



keo tu cung sat hydroxit sinh ra. O gia tri pH
thdp (pH<4), qua trinh phan hity phenol ting,
tuy nhién qua trinh keo tu lai giam, do vay hi¢u
sudt phan huy phenol chua cao. O pH cao
(pH>4), qua trinh phan hiy phenol giam, tuy
nhién qua trinh keo tu tang, do vay hiéu suét
phan huay phenol ciing giam dan.
Vi vdy, pH bang 4 c6 hiéu suit phan hiy
phenol cuc dai va chung t6i chon gia tri pH
nay cho cac nghién ciru tiép theo.
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Hinh 4: D6 thi biéu dién anh hwong ciia pH
dén hiéu sudt xit li phenol bang vit liéu Fe-C

3.2.2. Anh hwong ciia thoi gian
Két qua duoc trinh bay trén hinh 5.
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Hinh 5: D6 thi biéu dién anh hudng cia thoi
gian dén hiéu sudt xir i phenol bcing vat lieu
Fe-C

Két qua hinh 5 cho thdy, khi ting thoi gian tir 2
dén 12 gid hiéu suét phan huy phenol ting dat gi4
tri cuc dai 88,88%. Trong khoang thoi gian tir 12
dén 22 gio, hiéu sudt phan hity phenol ting chim
va gan nhu 6n dinh. Vi vay, chung t6i chon 12
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gi¢r 14 thoi gian t6i wu dé phan hity phenol ctia vat
liéu ndi dién phan Fe-C.

3.2.3. Anh hwong ciia khéi lwong vit ligu

Két qua duoc trinh bay & hinh 6.
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Hinh 6: D6 thi biéu dién anh hwong cia khoi
lwong vat liéu Fe-C dén hiéu sudt xir I phenol

Két qus tir hinh 6 cho thdy, khi ting khdi lwong
vat liéu tir 0,5 dén 2,5g thi hiéu suat phan huy
phenol tang dat gid tri cuc dai 91,67%. Khi
khéi lugng vat liéu tang tir 2,5 dén 4 g thi hiéu
sut phan hity phenol ting khong dang ké, gin
nhu 6n dinh. Vi vdy, chung toi chon khdi
lwong vat liéu 2,5g 1a khdi lugng vt liéu tdi wu
dé phan hity phenol cua vat liéu noi dién phan
Fe-C.

3.2.4. Anh hwong ciia téc dp lic

Két qua anh hudng cua tée do lic dén hiéu suat
phan hity phenol dugc thé hién trén hinh 7.
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Hinh 7: D6 thi biéu dién anh huong toc dg lac
dén hiéu sudt xir I phenol cua vat liéu Fe-C

Két qua tir hinh 7 cho thdy khi ting tdc do lic
thi hiéu suat phan hity phenol ciing ting. Diéu
nay c6 thé dugc giai thich nhu sau: qua trinh
lic s& anh hudng t6i viée cung cap O, cho phan
{mg hoa tan Fe, do vay toc do lic cang 16n thi



hiéu suit qua trinh phan hily phenol cang 16n
sau d6 dan dat toi gid tri on dinh, Do do, chiing
t61 chon tdc do 1ic 200 vong/phit dé phan hiy
phenol cta vat liéu ndi dién phan Fe-C.

3.2.5. Anh hwing nong dp dau ciia phenol
Két qua dugc trinh bay ¢ hinh 8.
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Hinh 8: Do thi biéu dién anh hwéng ciia nong
do vat liéu Fe-C dén kha nang xu Ii phenol

Két qua tir hinh 8 cho thdy trong khoang ndng do
khao sat, khi ndng do ting tir 51,13 dén dén 156,29
mg/L thi hiéu suat phan hiy Phenol ting nhanh,
nhung trong khoang nong do tir 156,29 dén 308,31
mg/L thi hiéu sut phan huy Phenol giam dan va
6n dinh. Tai gia tri n6ng d6 Phenol béng 102,90 thi
higu suat phan hily dat gia tri 16n nhat 91,54%.
Phenol d bi phan hity gan nhu hoan toan.

3.2.5. Phan tich nong d¢ phenol bang HPLC
Két qua phan tich dung dich phenol nong do ban
dAu 13 102,90 mg/L bang phuong phéap HPLC khi
khéng c6 va co 1,0; 2,5 g vat liéu ndi dién phan
Fe-C sau thoi gian ldc 12 gio, pH béang 4, toc do
lic 200 vong/phut dugc thé hién trén hinh 9. Két
qua phén tich HPLC cho thiy phenol da bi phan
hity gan nhu hoan toan khi sir dung khdi luong vat
lidu 14 2,5 g, thoi gian lic 12 gio, toe do lic 200
vong/phit & pH béng 4.
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Hinh 9: Cdc dwong HPLC ciia mdu dung dich
chira phenol theo thoi gian xir Iy.
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- Puong 1 : Mau phenol ban dau (102,90 mg/L).

- Pudng 2: Mau phenol c¢6 1,0 g vat liéu
Fe-C, thoi gian lic 12 gio, toc do lic 200
vong/phut, & pH bang 4.

- Puong 3: Mau phenol c¢6 2,5 g vat ligu
Fe-C, thoi gian lic 12 gio, téc do lic 200
vong/phut, & pH bang 4.

4. KET LUAN

Pi ché tao dugc mau vat liéu ndi dién phan
Fe/C di tir nguyén liéu bot Fe va bot graphit.
Vit liéu sau khi ché tao duoc xac dinh dic
diém bé mit, cAu trGc, thanh phén béng
phuong phap phd hién vi dién tir quét (SEM),
gian dd nhidu xa tia X (XRD), phd tan ning
Iuong (EDS).

Céc yéu t6 anh huong dén kha ning phan hiy
phenol nhu: pH, thoi gian, khdi lugng vat liéu
Fe-C, n6ng do diu phenol, tdc do 1ic dén hiéu
sut phan hity phenol. Két qua cho thay tai gia
tri pH bé‘lng 4, thoi gian lic 12 gio, tde do lac
200 vong/phit, khéi lwong vat liéu Fe-C 1a 2,5
g, & nhiét d6 phong (25°Cx 0,5), nong do
phenol ban dau bang 102,90 mg/L thi hiéu suat
phan hay phenol 14 91,54%. Tir cac két qua trén
cho thdy, vat liéu Fe-C ché tao c6 thé dugc ap
dung vao trong thyc t& dé xir Iy nude thai cde
héa trong moi trudng nudc trude khi xu 1y
bang phuong phap sinh hoc.

Loi cam on: Nghién ctiu nay duogc tai trg boi
dé tai Khoa hoc va Cong nghé Cép b, mi sb
B2019-TNA-10
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