Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Trdi ddt va Méi truéng 2024, 8(1):873-887

Open Access Full Text Article

Research Article

Anh huéng théng ké chia diéu kién hoat héa xtic tac Fenton di thé
tu vo mit Ién qua trinh loai bé Pentachlorophenol trong nudc

Dai Hué Ngan'2, Nguyén Hoang Yén Nhi'2, Nguyén Thi Thu Ngan?3, Bach Lé Quynh Trang'-?,
DPang Ngoc Quan?3, Ngé Thi Thuan?3”"

'Khoa Héa hoc, Trudng Dai hoc Khoa
hoc Ty Nhién, Viét Nam

*Dai hoc Quéc gia Thanh pho Ho Chi
Minh, Viét Nam

*Khoa Ky thudt Héa hoc va Moi trudng,
Trudng Pai hoc Qudc té, Viét Nam
Lién hé

Ngé Thi Thuan, Dai hoc Quéc gia Thanh
ph& HE Chi Minh, Viet Nam

Khoa Ky thuat Héa hoc va Méi truong, Truong
DPai hoc Quéc té, Viet Nam

Email: ntthuan@hcmiu.edu.vn

Lich st

o Ngay nhan: 15-4-2024

o Ngay chép nhéan: 25-6-2024

e Ngay dang: 30-6-2024

DOI:
https://doi.org/10.32508/stdjsee.v8i1.763

| '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma& dugc phat hanh theo cac diéu khoan cta
the Creative Commons Attribution 4.0
International license.

W=

VNUHCM PRESS

i

TOM TAT

Viéc diéu ché va ing dung xuc tac Fenton di thé tirsinh khéi cho nhimg hap chat 6 nhiém bén trong
nudc dang dugc quan tam nham hudng téi nén kinh té tuan hoan va bao vé moéi truong. Tuy nhién,
anh hudng thong ké ctia diéu kién ché tao xtc tac cho qua trinh phan haly Pentachlorophenol (PCP)
trong nudc chua dugc nghién ctu. Trong bai nghién clu nay, diéu kién ché tao xtc tac Fenton di
thé tir vé mit bao gébm nhiét do va ty 1é xic tac/than vé mit (Fe/JC) dugc khao sat bang phuong
phap thuc nghiém két hop véi mé hinh héi qui bac 2 nham dua ra thong s6 t6i uu cho qua trinh
phan hay chat hitu co bén Pentachlorophenol (PCP) trong nudc. Cac dac tinh clia xutc tac Fe/JC
bao gébm hinh thai, cdu tric tinh thé, thanh phan cac nguyén té va nhém chuic trén bé mat 1an luct
duoc phan tich bang kinh hién vi dién t& quét (SEM), nhiéu xa tia X (XRD), tan xa nang luong tia
X (EDS) va quang phd héng ngoai (FTIR). K&t qua cho thdy khi khdo sat don 1 yéu t& nhiét do ti
100-500°C hodc ty lé Fe/JC tir 0-20% thi khong cho thay sy dnh hudng thdng ké clia 02 yéu té nay
lén hiéu qua xUr ly PCP. Tuy nhién khi dung mé hinh héi qui thi cho théy cé su dnh hudng kép va
bac 2 ctia 02 yéu t6 nay lén hiéu qua xtr ly PCP trong nudc. Xuc tac Fe/JC cho hiéu qua phan huy
PCP trong nudc khi nhiét d6 nung Ién hon 298°C va ty 1é Fe/JC I16n hon 12,4%. XUc tac Fe/JAC c6
ty 1& 20,0% Fe va dugc nung & 500°C cho kha nang phan hay 62,1+3,8% PCP trong nudc. BE mat
xUcC tac nay co tam hoat tinh la Fe,O3 dang tron cé kich thudc khoang 500-700 nm phan tan déu

trén bé mat than.

Tur khoa: XUc téc Fenton dj thé, vo mit, Pentachlorophenol, nudc thai

DAT VAN DE

Pentachlorophenol (PCP) da dugc phéan loai thanh
nhting chit 6 nhiém uu tién vao nim 1989 theo t§
chiic Y té thé gidi va 2014 theo Hiép hoi Bao vé Moi
truong My. PCP 13 mot Chlorophenol ¢6 05 Chloro
gan trén Phenol, dugc sti dung 1a chét diét khudn dé
bao quan gbd va d6 my nghé. PCP c6 tinh acid manh
nhit trong s6 cac chlorophenol (pK,~3.9-4.9). Do
tinh chét doc hai, khé phan huy va kha nang ton tai
trong dat, nudc, khong khi va sinh vét, PCP dugc liét
ké vao danh sich thudc nhém cic hgp chit hiu co
bén (POPs) theo cong udc Stokholm nam 2009. Cac
phuong phép nhu hip phy, keo ty, sinh hoc !, diing
diém siéu t6i han ctia nudc khi c6 NaOH? da duoc st
dung d€ loai bé PCP trong nudc; tuy nhién phuong
phép oxi hod ning cao dugc ting dung phé bién do
kha néng chuyén hoa dugc hau hét cac POP thanh cac
hop chit nho hoic khodng héa thanh CO, va HyO°.
Trong d6, qud trinh Fenton dong théla dya trén phan
tng gitia ion Fe(II) va HyO, (Fe?t + HyO, — Fe3t
+ OH + OH "), tao ra géc tu do hydroxyl (OH). Céc
gdc tu do nay c6 thé oxi hiu hét cac chit hitu co kho

phén hay thanh nhiing hgp chét it hodc khong doc va
tién hanh ¢ diéu kién nhiét d6 phong, ap sudt thuong.
Fenton di thé 1a hé tuong tu nhu déng thé, tuy nhién
sit ton tai & pha rdn, dugc gin trén mot chit mang c6
kha nang hép phu va tao lién két véi xtic tac. Tam hoat
tinh oxit sit dugc gan trén chit mang c6 dién tich bé
mdt riéng cao nhu dat sét 7 zeolites®, goethite 9 va car-
bon hoat tinh '°. Céc tAm hoat tinh oxit sit c6 thé tdn
tai du6i nhiéu dang nhu Fe(OH),, Fe(OH)3, a-Fe; O3,
g-Fe; O3, Fe304 va a-FeOOH (goethite), Fe(0) tuy
vao diéu kién ché tao. TAm hoat tinh c6 thé dugc ché
tao bang céch gin cdc hat sit bing phuong phap ngdm
tdm, nung & nhiét do tit 200-700°C hodc téng hgp
béng phuong phép hod hoc nhu kht mudi sit thanh
Fe(0) hay ngam t4m hoic déng két tia”'®!l, Céc
nghién ctiu ctia Nguyen va cong su'? vé ché tao xuc
tac tu tinh ctia Fe304 va Fe;MnOy trén chit mang
than hoat tinh (AC) ¢ 600°C trong 1h va ty 1 sat/AC
12 20% cho phan ting phan hity metyl cam. Tuy nhién,
ngudn than hoat tinh st dung ti than hoat tinh gdo
duia va nung & nhiét do 200-500°C. Chat mang car-
bon hoat tinh ti nguén phé phdm néng nghiép dang
dugc chu y do ngudn nhién liéu phong phu va cé thé

Trich dan bai bao nay: Ngan D H, Nhi N H Y, Ngan N T T, Trang B L Q, Quan D N, Thuan N T. Anh huéng
thong ké cia diéu kién hoat héa xtic tac Fenton di thé tirvé mitlén qua trinh loai bé Pentachlorophe-
nol trong nudc. Sci. Tech. Dev. J. - Sci. Earth Environ. 2024; 8(1):873-887.
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gitt nguyén dugc cac tinh chit bé mit cta than hoat
tinh ti than dd. Mit la loai trai cdy dugc trong, su
dung rong rai Viét Nam va vo mit thai chiém gan 50%
téng khdi lugng ctia mit, trong khi d6 thanh phén c6
trong vo mit dugc phan tich theo ASTM bao gom ty
phén trdm ctia d6 4m, tro, chit dé bay hoi va carbon
¢6 dinh l4n lugc 14 4.22, 10.19, 50.17 va 35.42%, thich
hop dé1am ra chit mang carbon cho xuc tdc Fenton
di thé'®. Tuy nhién chua c6 nghién ctiu nao sit dung
phé phdm vo mit lam chit mang cho xdc tdc Fenton
dé xtt ly céc chét 6 nhiém hitu co. Hon nita, hau hét
cac nghién ctiu stt dung phuong phap khao sat truyén
thong bang cach thay d6i diéu kién cta 1 yéu t6 va
giti khong d6i cdc yéu td con lai. Phuong phap nay ¢
thé cho gid trj t6i uu va anh hudng tuyén tinh nhung
khéng cho thong tin vé anh hudng tuong tic hay anh
hudng bac hai ctia cic yéu t6. Cac thong tin nay cd
thé thu thap dugc khi két hgp quy hoach thuc nghiém
va dap ting bé mit. Phuong phép dap ting bé mit da
dugc ap dung cho viéc tdi uu hoa cac qua trinh Fen-
ton 1%, tuy nhién hau hét cdc nghién ctiu tap chung
vao toi uu hoa qua trinh xt Iy chédt 6 nhiém bing Fen-
ton, chua ting dung phuong phap nay vao viéc khao
sat anh hudng tuong tac va don 1é ctia nhiét d6 nung
va ty 1é % Fe/JC trong qua trinh diéu ché xtc tac 1én
qua trinh phan hty PCP trong nuéc. Chinh vi vay,
nghién ctiu nay tdp chung vao khéo sat anh hudng ctia
céc yéu t6 nay 1én qua trinh phan huy PCP trong nuéc
v6i phuong phap théng ké véi muc tiéu (1) khao st
anh hudng tuong tac va don 1€ ctia nhiét do tao xuc tac
va ty 1& Fe/]JC; (2) tim khodng nhiét 6 va ty 1¢ Fe/JC
cho qud trinh phan hay PCP bang qu4 trinh Fenton
di thé hiéu qua.

PHUGONG PHAP NGHIEN CUU

Téng hop xtic tac Fe/JC

10,0 g v6 mit dugc ldy ti gi6ng mit Thdi va thu gom
& chg dia phuong, sdy kho tu nhién, xay nhd, ray 0.1
mm va ban than héa 6 200°C trong 1 gi¢ trong moi
truong Nito véi luu lugng 100 mL min~!. Sau dé,
san phdm ban than héa dugc ngdm tdm v6i H3POy
25% va tiép tuc nhiét phan & nhiét do 545°C trong 15
phut trong méi truong khi N, véitéc d6 dong 100 mL
min~!; cudi cling dugc trung hoa bing nuéc dun &
70°C va nudc rtia dugc lién tuc kiém tra bang gidy quy
tim, sdy kho & nhiét dd 105°C trong 7h, va cho thanh
phém than vé mit (JC). 0,500 g than vo mit (JC) dugc
ngam tdm v6i HNO3 0,017 M va mudi Fe(NO3)3 va
FeCl, v6i cac ty 1é sat & 0%, 10% va 20%, rdi tiép tuc
khudly 6 30 phut. H6n hgp JC va mudi sat duge sdy
khé & 105°C trong 24 git va tiép tuc nung & 100, 300
va 500°C trong 15 phut trong diéu kién khong c6 oxy,

sau d6 dugc loc rua bing nudc cit dén trung hoa va
sdy kho tai 105°C, bdo quan kin. Thanh phim cudi
cuing 1a xuc téc Fenton di thé, ki hiéu la Fe/JC.

Thi nghiém phan hay PCP trong nuéc bing
hé Fe/JC/H202

25,0 mg xuc tac viia diéu ché cho phan ting véi 25.00
mL dung dich PCP c6 nong d6 25 mg L~! & pH3,
thém 100 mL H,O; 30%, 50 vong/phit trong 15 phut,
két thiic phan tng bang chinh pH véi NaOH 1M dén
1010, Néng d¢ PCP trudc va sau phan ting dugc phan
tich bang sic ky long siéu cao 4p (UPLC) (Water) c6
pha tinh la c6t C18, pha dong la 30% acid formic 0,1%
va 70% metanol. Dung dich PCP chuén g6c (Sigma
Aldrich, 97%) c6 néng do 1a 1032 mg L~ ! dugc pha
trong 10% MeOH '. Hié¢u sudt loai bd PCP (%) dugc
tinh theo cong thic sau:

(C—Cy)

0

H (%) = x 100
C, va Cy (mgL™!) ldn lugtla néng do ban dau va sau
khi phan ting Fenton ctia PCP trong nudc

Hinh thai, thanh phan va cau truc cha xtic
tac Fe/JC

C4u trtc va thanh phin cta cdc miu xuc téc dugc
phén tich bdng phuong phép nhién xa tia X (D8 Ad-
vance Eco, Bruker, Dtic) véi dién dp 40 kV, cudng
do dong dién 25 mA, budc song CuKy 14 0,154 nm.
Nhoém chiic ctia xtc téc dugc khéo sat bang phé héng
ngoai (FTIR) (Perkin Elmer) tii viing c6 s6 song 400-
4000 cm~!. B& mit vat liéu dugc quan sat duéi kinh
hién vi dién tt quét SEM S4800, Hitachi. Phé tan sic
ning lugng tia X (EDS) khao sat ham lugng nguyén
t6 ghi nhan tu thiét bi EDS H7593 Horiba, England.

KET QUA VA THAO LUAN

Hinh thai, thanh phan va cau tric cia xuc
tac Fe/JAC

Hinh I trinh bay hinh anh bé mét ctia than vé mit (JC)
va cdc mau xuc tac diéu ché & nhiét d6 500°C véi cac ty
1¢ phén trdm lan lugt la 0 (JC500Fe0), 10 (JC500Fe10)
va 20% (JC500Fe20). Két qua cho thdy bé mit JC ban
dau c6 cac 16 x6p va gb ghé, khi JC dugc nung & 500°C
(JC500Fe0) thi cac lién két trén bé mat than bi dut gay
xudt hién cang nhiéu goc canh, dan dén ting dién tich
bé mit riéng tit 224.11 m*> g~ dén 318.02 m* g~ .
Két qua la khi nung & cung nhiét d¢ véi cac mau chia
sit 10% (JC500Fel0), 20% (JC500Fe20) thi c6 sy ting
ham lugng sit tuong vng trén bé mat véi kich thude
da dang. Lugng Fe tuong dugc giii lai trong xuc tac
Fe/JC dugc ghi nhan bang EDS va thé hién & Bang 1
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cho théy phin trim sit ting tuong tng ti 6,3% dén
13,9%, ty 1é phéan tram nay thip hon so v6i ban dau tu
31—37%. Ty 1é % sit trong than thdp hon so v6i ban
dau cing dugc ghi nhan & nhiing nghién ctu trude
khi diéu ché xuc tac Fenton trén nén sinh khdi & cling
moét nhiét d6 1718, Diéu nay cé thé gidi thich do dién
tich bé mit ctia than tui sinh khéi thdp hon so vé6i than
truyén thong nén kha nang luu giti sit trong than thép,
tuy nhién cin c6 nhiing nghién ctiu chuyén sau vé€ anh
hudéng ctia dién tich bé mét ctia than hoat tinh tii sinh
khéi dén kha ning luu giti sit.

Gian d6 XRD dugc phan tich cho cdc mau xuc tac
G cac ty 1¢ Fe/JC khac nhau (JC500Fe0, JC500Fe10
va JC500Fe20) va thé hién trong Hinh 2a. Két qua
cho thdy JC500Fe0 dic trung cho than v mit c6 car-
bon c4u truc v6 dinh hinh, cic mau JC500Fel0 va
JC500Fe20 hién dién cdc dinh nhiéu xa ting d4n cua
cdc mit mang va tuong ng cdu truc cta g-Fe; O3
(JCPDS card No. 39-1346), thé hién r6 nhat & ty 1&
Fe/JC 20%. Céac mau xuc tac cung ty 1é 20% Fe/JC &
cc nhiét d nung 100, 300, 500°C tuong ing cic mau
JC100Fe20, JC300Fe20 va JC500Fe20 dugc khao sat
nhdm cho thdy anh hudng ctia nhiét d¢ 1én cac nhom
chtic va kha nang lién két gitia cdc nhom chuic va xtc
tac sdt (Hinh 2b). Két qué cho thiy c6 s6 séng clia cac
nhém chtic tuong tu nhau véi cac cuong do khic nhau
khi ting nhiét d¢ tii 100 dén 500°C, cy thé nhém O-H
(3000-3700 cm ™~ 1), C=0 (1500-1750 cm~—1), va C-
O (800-1500 cm~!) 1a ba nhém chinh dugc thé hién
trén phé FTIR -2, Dao dong C-O c6 su khac biét ro
3 JC500Fe20 so vdi 2 mau con lai ¢ thé do tai nhiét
d6 cao hon cac lién két cia C=0 dut ra tao thanh lién
két don C-O hodc do su diit gy cta lién két C véi
cdc nhém chiic khéc c6 trong nén than mit dé tao lién
két C-0. Dao déng trong khoang 500-700 cm™! 14
s6 song dic trung cta lién két Fe—0 %20 cho thiy da
gan dugc Fe lén nén than vé mit. Xtc tic JC500Fe20
vdi tin hiéu déc trung rd nét ctia dinh Fe—O séc nhon
thé hién Fe khong chi dugc hdp phu 1én bé mit ma
con tao lién két v6i JC & nhiét d6 500°C 1a tot nhat.

Anh huéng théng ké ctia nhiét do va ty lé
Fe/JC Ién hiéu suét loai b6 PCP trong nuéc

Hiéu sudt loai boé PCP sau phan ting Fenton & cac ty 1é
Fe/]JC (%) va nhiét do khac nhau véi d6 1dp 9 1an dugce
xt ly théng ké v6i RStudio (version 4.3.1) va thé hién
6 Hinh 3. Két qua & Hinh 3a cho thdy khong c6 su
khéc biét thong ké gitta cac nhiét d6 khac nhau trong
cung mot ty 1é Fe/JC va ngugc lai (p-value>0,05). Vi
vay, phuong trinh héi quy cin dugc phat trién d€ danh
gid anh hudng ctia cic yéu t6 nay 1én kha nang phan
hay PCP trong nuéc. Két qua ctia md hinh hoi qui

dugc thé hién ¢ Bang 2 va cho thdy yéu t6 nhu tuong
tac ctia nhiét do va ty 1é sat/JC (Fe/JC), yéu t6 bac 2
ctia nhiét d6 va ty 1é Fe/JC cho céc gia tri kiém dinh
Pr(>t)<0.05. Tu d06, hiéu suit loai bd PCP duoc biéu
dién duéi dang phuong trinh héi quy bac 2 nhu sau:
Y=57,895-4,826 (Nhiét doxty 1& Fe/JC) + 9,837
(Nhiét d6)%+ 6,191 (Ty 1é Fe/JC)? (1)

Su tuong thich vé€ hiéu suét loai bd PCP trong nudc
gitia m6 hinh hdi qui va thyc nghiém dugc kiém tra
va thé hién trong Hinh 3b. Két qua ctia R?=0.746 (p-
value<0.05) cho thdy phuong trinh héi quy (1) tuong
thich véi thuc nghiém va phuong trinh c6 thé dugc st
dung dé giai thich anh hudng ctia cic yéu td 1én hiéu
sudt loai bd PCP trong nudc.

Két qua Hinh 3c cho thdy xu hudng giam hiéu sudt
loai bo PCP khi tang nhiét d¢ tit 100°C 1én 298°C,
tuy nhién khi nhiét d6 ting tit 298°C 1én 500°C thi
hiéu sudt phan huy PCP ting, c6 thé do sy hinh thanh
pha ctia tim hoat tinh va tang kha nang lién két Fe véi
JC, din dén xuc tic Fe/JC bén hon. Diéu nay clng
da dugc ghi nhin bing phd FTIR & Hinh 2b. Anh
huoéng ctia nhiét d¢ nung 1én kha ning phan huy cic
chét hitu co dugc cho rang do sy hinh thanh pha cta
tam hoat tinh r6 rang va ting kha ning lién két tam
xuc tac sit v6i bé mit than hoat tinh & trong khoang
nhiét d6 thich hop '8, Nhiét d trong nghién ctiu
nay dugc tinh tit phuong trinh héi quy (1) 1a 298°C,
la nhiét d¢ thdp nhat cho hiéu suit loai bo PCP, vi vay
diéu kién nhiét d6 nung phai 16n hon 298°C cho qua
trinh diéu ché xtc tac Fenton di thé cho viéc loai bo
PCP trong nuéc. Tuong ty d6i véi ty 1é Fe/JC, khi
tang ty 1é Fe/JC tit 0,0 dén khodng 10,0% thi th&y hiéu
sudt giam nhung hiéu sudt PCP bat dau ting khi ty
1& nay ting tli 10,0% dén 20,0%. Ty 1é Fe/JC thip nhat
trong xuc tac dugc tinh tii phuong trinh héi quy (1) 1a
12,4% thi qua trinh loai bo PCP trong nuéc bang qua
trinh Fenton bat d4u hiéu qua. Diéu nay c6 thé giai
thich khi ty 1¢ Fe/JC nho hon 12,4%, qué trinh hao hut
sét tit 30 dén 36% (Bang 1) dan dén khong du lugng
xuc tac sdt cho qua trinh Fenton. Ty 1€ nay tuong tGing
véi lugng sit tuong doi trong than 1a 3,72-4,46% xic
tac con lai trong xuc tac Fe/JC theo udc lugng cua két
qua EDS. Két qua nay phén tich nay tuong déng véi
cdc nghién ctu vé Fenton di thé trén nén than hoat
tinh tit sinh khoi va cho hiéu qua xt 1y chat hiu co
nhu chit mau trong nuéc & diéu kién nung tuong tu
v6i 5,06%, 14,99% 175 9,9 wt % '8. Sy anh huéng déng
thoi ctia nhiét d6 nung va ti1¢ gitia Fe va JC dén hoat
tinh ctia vét liéu Fe/JC c6 thé dugc giai thich dya trén
t6c d6 phan ting va nhiét dong hoc. Nhiét d6 valugng
st hdp phu trén JC dong thoi ting dan dén ting t6c do
phan tng ctia qua trinh hinh thanh céc tim hoat tinh
va lién két héa hoc ctia tdm hoat tinh véi JC. Diéu nay
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JACS00Fe0 JACS500Fel0 JACS500Fe20

Hinh 1: Anh SEM ctia cac mau xuc tac trén JAC & nhiét d6 nung 500 °C véi cac ty 16 Fe/JAC (%) khac nhau
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Hinh 2: Gidn d6 XRD cua xuc tac & cac ty 1& 0, 10, 20% Fe/JC & 500°C (a) va phd FTIR cla xuc tac & nhiét do 100,
300, 500°C (b).

Bang 1: Thanh phan khéi lugng (%) trong cdc mau xic tac nung & 500°C

Thanh phén nguyén t6 % Khoi lugng
JC500Fe0 JC500Fel0 JC500Fe20
68,8 54,4 39,6
(@) 26,9 31,8 37,7
Fe 0,0 6,3 13,9

Bang 2: K&t qua mé hinh héi qui

Hé s6 hoi quy Sai s6 Gid tri t Pr(>|t])
Hé s6 chin 57,89553 0,61108 94,7423 <2,2e-16 ***
Nhiét do 0,78659 0,97263 0,8087 0,420735
Ty 1é Fe/]C 1,53365 0,97263 -1,5768 0,118234.
Nhiét do x t 1é Fe/JC 4,82624 2,38244 -2,0258 0,045656 *
(Nhiét do)> 9,83665 2,99369 3,2858 0,001435 **
(Ty lé Fe/JC)? 6,19095 2,99369 2,0680 0,041417 *

Ki hiéu ddc trung cho miic y nghia théng ké 0 ***, 0.001 **, 0.01 *,0.05 7, 0.1 *’1
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(a)
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Hinh 3: Biéu d6 hop cho hiéu suat loai bd PCP & cac diéu kién nhiét do va ty Ié Fe/JC khac nhau (a); Bé mat dap
tng 3D cla hiéu sudt PCP vai céc ty |é Fe/JC va nhiét do khac nhau (b); D6 thi tuong quan gidia thuc nghiém va

hoi quy (c).

dugc thé hién & viéc ting cudng do peak theo nhiét do
clia s6 s6ng 500-700 cm ™~ ! trong Hinh 2b. Tuy nhién,
cén tién hanh cac nghién ctu sau hon vé nhiét dong
luc hoc dé€ khing dinh thém vé két ludn nay.

Khao sat lugng sat tan trong dung dich

Hiéu sut loai bé PCP béng Fenton di thé phuy thudc
vao lugng sit tan trong dung dich va sit ¢ trén bé
mat xuc téc Fenton. Vi vay, lugng sit tan trong dung
dich ctia xtic tdc JC500Fe20 dugc phan tich va thé
hién trong Hinh 4. Két qua cho thdy hiéu qua loai
bo PCP trong nudc dat 62,143,8% vdi lugng sit tan
trong dung dich dudi tiéu chuin (2 mg L~!). Két qua
hiéu sudt loai bé PCP dugc thé hién trong Hinh 4 con
cho théy hé xuic tdc HyOp+ Fe/JC cho hiéu sudt cao
hon nhiéu so véi oxi héa hoc bi HyO, va hip phu
bdi Fe/JC. Diéu nay cho thiy qué trinh loai bo PCP
dugc thuc hién v6i qud trinh oxi hoa Fenton dij thé.
Dua vao cac két qué thu dugc trong nghién ctu nay
bao gém su hinh thanh pha hoat tinh Fe; O3, su lién
két gitia JC va sat, sat tan trong dung dich trong qua
trinh loai bé PCP, qua trinh phén huy PCP trong nuéc
c6 thé dugc minh hoa nhu trong Hinh 5:

Céc gbc tu do "OH/HO»" ¢c6 thé sinh ra tu: (1) sit tan
tu xuc tac JC500Fe20 & pH3; (2) xuc tac JC500Fe20
phén tng v6i Hy O, theo cic phan ting sau day:

(1) Sat tan tit JC500Fe20 trong moi trudng axit:

Fe, O3@]C —>F63+(aq>+ H,0, ﬁFe2+(aq)+ HO, +
HT

Fe2+(aq) +H,O— Fe3+(aq> + OH+H'

(2) Xuc tac JC500Fe20 phén ting véi HyO5:
Fe,03@JC + HyO5 _, Fe,03@JC-Fe2T+HO, + H
Fe;03@JC-Fe* "+ HyOp— Fe? ™) + OH + HF
Cécgoctudo OH/HO, " sé tiép tuc phan ting véi PCP
dé thanh cdc chit it doc hon hodc khoang héa thanh
CO; va H>O theo phan ting sau day:

"OH/ O, + PCP a céc chit it doc hon PCP hodc CO,
+ H20.

Cac gbc tu do®OH/HO;*® sé tiép tuc phan ting véi
PCP dé€ c6 thé hinh thanh cic chit it doc hon hoic
khoang héa thanh CO, va H,O. Tuy nhién, viéc do
dac cac san phdm it doc hon bang GC/MS hoidc kha
nang khodng hoa bing TOC cin dugc thuc hién dé
lam 16 co ché phan tng bang xdc tac Fenton tit vo
mit.

KET LUAN

M0 hinh héi quy béc 2 dugc st dung d€ khdo sat anh
hudng ctia cac yéu t6 cho tuong tac va don 1€ bac hai
ctia nhiét d6 nung va ty 1é Fe/JC c6 dnh hudng thong
ké 1én qua trinh loai bé PCP trong nudc trong nghién
ctiu nay. Diéu kién nhiét d6 nung xdc téc ti 100 dén
500°C va ty 1é Fe/JC tii 0 dén 20% dugc st dung dé
khdo sat. Két qua hiéu suét phan huy PCP trén co ché
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Hinh 5: Qua trinh loai b PCP trong nudc va luong sat tan trong dung dich véi JC500Fe20+H,0,.

Fenton di thé ¢4 hiéu qua khi thuc hién nung & nhiét
dé tii 298°C dén 500°C va ty 1é Fe/JC tit 12,4 dén 20%.
Thuc nghiém cho théy trong cic xtc tdc ché tao, mau
JC500Fe20 c6 kha ning lién két véi sit cao nhit véi
ty phan khdi lugng la 13,9% Fe/JC & diéu kién nung
500°C va c6 bé mit vat liéu v6i 16 x8p 16n va tdm hoat
tinh la g-Fe, O3, kich thudc hat tron khoang 500-700
nm, phan tan trén bé mat than vé mit va cho hiéu qua
phéan huy PCP dat khoang 62,1+3,8%. Cac két qua
clia nghién ctu cho thdy xuc tic di thé Fenton ti sit
trén than hoat tinh vo mit thé hién hoat tinh phan hay
PCP va c6 kha nang ting dung vao thuyc tién.
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Statistical Effect Of Activation Condition for Heterogeneous
Fenton Catalyst Derived From Jackfruit Peel Waste on
Pentachlorophenol Removal in Water
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ABSTRACT

Application of heterogeneous Fenton catalyst based activated carbon derived from biomass for
persistent organic pollutant's removal in wastewater has been considered a promising treatment
approach toward circular economy and environmental protection. However, statistical evaluation
on preparation conditions for a catalyst derived from jackfruit peel applied for Pentachlorophenol
(PCP) degradation in water has not been investigated yet. This study investigated statistically single
and the combined effect of temperature and ratio between iron and activated carbon produced
from jackfruit peel (Fe/JAC) on capability of PCP degradation in water. Physio-chemical character-
istics of Fe/JAC catalyst including surface morphology, crystal structure, element contribution and
surface functional groups were analyzed with methods of Scanning Electron Microscopy (SEM), X-
ray Diffraction (XRD), Energy Dispersive X-ray Spectroscopy (EDS) and Fourier Transform Infrared
Spectroscopy (FTIR), respectively. The results revealed that synergetic and quadratic effects of tem-
perature and Fe/JAC ratio were statistical contributors on the PCP degradation in water. The results
of the quadratic model indicated effective degradation of PCP in water when temperature and
Fe/JAC ratio were from 298°C to 500 and 12.4 to 20.0%, respectively. The Fenton catalytic proper-
ties for PCP decomposition in the best conditions of 20%Fe/JAC at 500°C has large pores with the
active sites of Fe;O3 with size ranged from 500 to 700 nm and oxygen functional groups.
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