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OXY HOA DI THE XANH METHYLEN VO XUC TAC SAT MANG

TREN THAN HOAT TINH

HETEROGENEOUS OXIDATION OF METHYLENE BLUE WITH IRON SUPPORTED ON ACTIVATED CARBON
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TOM TAT

Qué trinh oxy hda Fenton di thé trén co s st mang trén than hoat tinh
thirong mai (Fe/AC) duoc sir dung dé phan hiy phdm mau xanh methylen (MB).
Chat xtic tac dugc ché tao bang cach ngém tam than hoat tinh véi ti@n chét va
bién tinh bang cach nung. Tinh chét xdc téc durgc d&c trung béi phé nhiéu xa tia X
(XRD), kinh hién vi dién ti quét (SEM-EDX). Hoat tinh clia x(c tac dugc danh gid
qua qué trinh oxy héa xanh methylen, anh huréng clia cac thong s6 (pH, nong do
H,0,, thoi gian va lugng xdc tAc) duge nghién ctu.

Tlr khda: Fenton di thé, than hoat tinh, xanh methylen, Fe, H,0,.

ABSTRACT

The oxidation of heterogeneous Fenton based on iron supported on the
commercial activated carbon (Fe/AC) is used to decompose methylene blue
(MB). The preparing of catalysts was implemented by the impregnating
activated carbon with agents and followed by a calcination to modify the
catalysts. The catalysts was characterized by XRD, SEM-EDX methods. Catalytic
activities were evaluated through the oxidation of methylene blue (MB), the
effects of parameters such as pH, the contents of catalyts, H,0, and time on the
yield of the oxidation process were investigated.
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1. MG BAU

Nugc thdi tr qua trinh dét nhudm chira lvgng 16n cac
hop chat hi*tu co doc hai nhw thuéc nhudm, chat hoat dong
bé maét, kim loai, mudi va cac chat hgp chat hitu co bén
(Persistent Organic Pollutants - POPs). Nugc thai dét nhuém
néu khong dugc x ly, thai vao moi truong cé thé pha hay
doi s6ng cha thay sinh vat va con nguoi [1,2].

Qua trinh Feton la mdt qua trinh oxy hoa tién tién da
duoc sir dung réng réi dé xi ly 6 nhiém cac chat hitu co [3].
Céac g6c hydroxyl (OH) duoc tao ra rat hiéu qud trong viéc
phan hay céac chat hitu co béi kha nang oxy hdéa manh. Qua
trinh Fenton déng thé c6 mot so nhuoc diém nhu viéc tach
xUc tac khoi qua trinh la rat khé khan, sau phan ing tao ra
lvgng bun s&t gay 6 nhiém dén chat lvong nudc thai [4]. DE
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khac phuc cac nhugc diém trén, cac nghién ctru da sir dung
céc chat xuc tac Fenton dong thé mang trén chat mang, tao
thanh chat x(c tac di thé, dé dang tach khéi dung dich sau
phan (ng nhu cac xuc tac CS-Fe [5], Fe-Y zeolites [6]...

Than hoat tinh v&i cac tinh chat nhw dién tich bé mat
riéng 1én, cé dé bén co hoc, kha nang thu hoi, téi st dung
va déc biét dé bén hda hoc cao trong cac moi truong axit
hodc bazo. Nh¢ d6, than hoat tinh da dwoc st dung lam
chat mang xuc tac trong nhiéu phan tng [7].

Trong nghién ctru nay, xdc tac di thé sit mang trén than
hoat tinh (Fe/AC) da duoc tdng hop va str dung cho qua
trinh phan hay thuéc nhuém xanh methylen (MB).

2. THUC NGHIEM
2.1.Nguyén liéu

Than hoat tinh géo dira c6 ngudn gdc tir Tra Béc, Viét
Nam. Trwdc khi dem ché tao vat liéu, than duoc rira nhiéu
lan bang nudc cat, sdy khd & 100°C trong 48 gid va duoc
nghién dén kich thuéc <0,1mm. Cac hoa chat FeCl,.6H,0
(98%), FeSO,.7H,0 (98%), H,0, 30%, xanh methylen co
nguén goc Trung Quéc.
2.2.Ché tao xuc tac

100ml FeCl; 0,04M, 100ml FeSO, 0,16M, 10g than hoat
tinh cho vao c6c thdy tinh 500ml khudy déu. Cho tir tir
dung dich NaOH 1M dén pH = 12, tiép tuc khudy hén hop
trong 30 phat, sau d6 ngadm hdn hop trong 8 gio. Loc &y
két tla, sdy trong 5 gi & 100°C. Nung két tla da sdy &
500°C trong 3 git, thu duoc vat liéu bién tinh sat mang trén
than hoat tinh (Fe/AC).

2.3. Bac trvng tinh chat clia xUc tac

Phé nhiéu xa tia X dugc do trén may D8 Advance
(Bruker) v&i géc quét 26 tir 5-80°, voi bic xa KA clia anot Cu
c6 A = 0,154056nm tai Phong thi nghiém loc Hoa dau va vat
liéu xuc tac, Trwong Pai hoc Bach khoa Ha Noi. Anh kinh
hién vi dién t& (SEM-EDX) duwgc chup trén may Field
Emission Scaning Electron Microscope S-4800, Vién Vé sinh
dich té Trung wong.

2.4. Quatrinh oxy hoa Feton di thé xanh methylen

Quaé trinh oxy hoéa Fenton di thé MB trong dung dich bai
xUc tac Fe/AC dugc thuc hién & nhiét do phong. Cac chat
dugc cho vao binh tam giac 250mL chira 100mL dung dich
MB ndng dé 50mg/I, thoi gian phan (ng bat dau duoc tinh
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khi b6 sung H,0, vao binh. Cac yéu t6 anh hwdng bao gom:
lvong xUc tac so vai thé tich dung dich xanh methylen
(500-2000mg/1); pH (4-9); ndng dd H,0, (0,005-0,5M); duoc
thuc hién dé xac dinh cac diéu kién thich hgp cho viéc phan
htly MB. Mau dugc 18y ra, do mat dd quang clia dung dich &
budc séng 666nm trén may G10S UV-Vis Spectrophotometer,
Khoa Céng nghé Hoa, Treong Bai hoc Cong nghiép Ha Noi.
Tl gid tri mat dd quang tinh hiéu suat phan hdy MB theo
cong thic:

Co _Ct

H% = X100

o

Trong dé:

H%: hiéu sudt phan hiy MB

C¢ ndng dd mol/L ctia MB con lai sau thoi gian t phut

C,. ndng dd mol/L ctia MB ban dau chua xt ly
3. KET QUA VA THAO LUAN
3.1. Bac trvng tinh chat xuc tac

K&t qua phd XRD cua xuc tac Fe/AC duoc thé hién trén
hinh 1. T&r két qua nhan thay, trén phd do xudt hién cac pic
& 30,1°% 35,8% 57,1° va 62,6° goc 2-theta, day la pic dac
treng cho su ton tai cla Fe;0, [8]. Mat khéc, giai doan nung
két tha hydroxit sit clng voi than hoat tinh & 500°C, san
pham Fe,0, sinh ra mot phan bi C khir thanh FeO [10]. Do
vay, c6 thé khang dinh dang ton tai cla sit oxit trén than
hoat tinh chii yéu la Fe;0,.

Faculty of Chemistry, HUS, VNU, D8 ADVANCE -Bruker - Oxit sat / AC

Lin (Cps)

Hinh 1. PhG XRD clia mau xic tc

Hinh 2 Ia két qua anh kinh hién vi dién t quét (SEM) clia
xUc tac. T hinh anh cho thay, cac phan tlr Fe,0, x6p da
dwoc mang trén bé mat than hoat tinh.
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Hinh 2. Anh SEM clia xtic tac
K&t qua EDX trén hinh 3, cho thdy trong thanh phan clia
xUc tac Fe/AC ngoai sy c6 mat cta C va O véi ty 1 16n con
6 s xuat hién cltia nguyén té Fe véi ham lugng la 9,9%.
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Hinh 3. Phd EDX clia méu x(ic téc
3.2. Nghién clru qua trinh oxy héa xanh methylen

3.2.1. Anh hwéng clia lwvgng xdc tac

K&t qua nghién ctru anh huéng cla lvgng xudc tac toi
hiéu sudt phan hay MB dwgc trinh bay trén hinh 4.
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Hinh 4. Anh hirong clia lrong x(c téc toi hiéu suat phan hly xanh methylen
(IMB]=50mg/I; [H,0,] =0,3M; pH =7, thoi gian 60 phit)

Két qua cho thay, khi tang lvgng xdc tac tr 500mg/l 1én
1250mg/l, hiéu sudt phan hiy MB tdng tir 80,30% Ién
97,85%, ti€p tuc tang lvong xdc tac tr 1250mg/l Ién dén
2000mg/I thi hiéu suat phan hty MB hau nhu khdng thay
déi. Dieu nay, cé thé dugc giai thich do méi twong quan
gilta t6c do clia cac phan irng [5, 11]:

Fe3+ + H202 — Fe2+ + HOZ. (1

Fe** + H,0, — Fe* + OH + HO® @

Fe* +HO," > Fe** +H" + 0, 3

Fe?" + OH® — Fe** + OH' 4

Khi tang lvgng xac tac dan dén tang ham lvong Fe*,
Fe?* trong dung dich & phan tng (1), (2), tr d6 lam tang
lvgng gdc *OH theo phan (ng (2), dan dén ting hiéu qua
qua trinh oxy héa MB. Tuy nhién, khi lugng xic tac tang da
du 1&n thi mot phan lvgng goc ty do *OH sé bi tiéu thu voi
Fe?* & phan tng (4) va dan dén khong lam ting hiéu xuéat
oxy héa MB. Do vay, lugng xtc tac thich hgp cho qué trinh
oxy héa MB I¢n hon 1250mg/I.

3.2.2. Anh hwéng ctia ndng do H,0,

K&t qua nghién ctru &nh huéng cta néng dé H,0, toi
hiéu sudt oxy h6a MB duoc trinh bay trén hinh 5.

Két qua cho thdy, khi tang nong do H,0, lam hiéu suat
phan hdy phdm nhuém MB téng Ién, hiéu suat phan hady
MB dat 96,6% v6i nong do H,0, la 0,25M, tiép tuc tang
noéng do H,0, thi hiéu sudt phan hdy MB gidam nhe. biéu
nay cé thé dwac giai thich la khi dv thira H,0, s& tao ra g6c
*OO0H theo phén &rng:

)
)
)
)
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H,0, + *OH — H,0 + HOO*®

Tinh oxy hoa ctia géc -OOH yéu hon so véi gdc -OH, dan
dén sy gidm nhe hiéu suét oxy héa MB [5,6]. Do vay, néng do
H,0, thich hop cho qua trinh phan htly MB 16n hon 0,25M.
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Hinh 5. Anh hirong ctia nong d6 H,0, t6i hiéu sust phan hly xanh methylen
(IMB] = 50mg/I; pH =7, lrgng xdc tac 1250mg/I, thai gian 60 pht)

3.2.3. Anh hwéng ctia pH

K&t qua nghién ctru &nh hwéng cta pH téi hiéu suat
phan (ng phan hiy MB duoc trinh bay trén hinh 6.
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Hinh 6. Anh huéng cta pH dén hiéu sust phan hiy xanh methylen
(IMB]=50mg/!; [H,0,] = 0,3M:; lrgng xdc tac 1250mg/l, thai gian 60 pht)

Su phan hdy MB tang khi pH tang tir 4 dén 6, diéu nay
c6 thé duoc giai thich 1a & khoang pH nay cd si tao thanh
clia phirc Fe** vai nudc (Fe(H,0))* lam phan tng clia Fe*
v6i H,0, cham hon dan dén lam giam su hinh thanh céc
gbc hoat dong hydroxyl va lam gidm kha nang phan hay
MB. Sy phan hiy MB ciing giam khi pH > 8, do trong dung
dich xuat hién két tha Fe(OH), lam ngén can sv tai sinh cla
ion Fe** [9]. Do vay, khodng pH = 6 - 8 thich hgp cho su
phan hdy MB.

3.2.4. Anh hwéng ctia thoi gian
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Hinh 7. Anh hutng clia thoi gian dén hiéu suét phan hiy xanh methylen
(IMB]=50mg/I; [H,0,] = 0,3M; pH =7, lwgng xtic tAc 1250mg/l)
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Két qua nghién cru &nh huéng cla thoi gian téi hiéu
sudt phan hdy MB duoc trinh bay trén hinh 7.

K&t qua cho thay, khi tang thoi gian oxy hoa dén 45
phut, hiéu sudt phan hdy MB tang, ti€p tuc tang thoi gian
thi hiéu suat phan hdy MB hau nhuw khong thay doi. Do vay,
thoi gian thich hgp dé phan hily MB Ién hon 45 phdit.

4. KET LUAN

Xlc tac Fe/AC da dwoc tong hop thanh cong va dwoc
dac trung béi cac phwong phap XRD, SEM- EDX dang ton
tai la Fe,0,. Xlc tac duoc st dung cho qua trinh Feton hoéa
di thé phan hiy xanh methylen & céac diéu kién thich hop:
lvgng xdc tac 1250mg/l, pH = 6 - 8, ndng d6 H,0, 1a 0,25M,
thoi gian 45 phat véi hiéu suat phan hay 1én dén trén 97%.
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