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ABSTRACT

This study is to evaluate the removal ability of methylene blue dyes in
water by utilizing adsorbent derived from coir pith with the modified
Hummers method. The effective parameters of the synthesized process
were investigated to find the optimum conditions. The chemical and
physical properties of the adsorbent were characterized by
thermogravimetric analysis, the specific surface area Brunauer—-Emmett—
Teller technique. The specific surface area of the adsorbent was 9.3 m?/g
and its porous diameter was 6.96 nm. Adsorption yield of 99.82+ 0.10%
at MB initial concentration of 500 mg/L, pH 8, and temperature of 30 with
contact time of 40 min proved the highly efficient adsorption ability of the
adsorbent. The adsorption was well fitted to the Langmuir isotherm model
at concentration of 10-50 mg/L while the Freundlich isotherm model was
good at concentration of 50-500 mg/L.

TOM TAT

Nghién ciru dwoc thwe hién nham danh gid kha nang loai bé thuoc nhudm
methylene blue trong nuoc bang vt liéu hdp phu (VLHP) tic myn dira
dirge ché tao bang phwong phap Hummers cai tién. Céc yéu t6 anh hirong
dén qua trinh tong hop vat liéu duwoc tién hanh khdo sat nham tim ra cdc
diéu kién t0i wu. VLHP tir mun dira dwoc phdn tich héa Iy bang phan tich
nhiét trong luwong, dién tich bé mat riéng. Dién tich bé madt riéng cua vat
liéu la 9,3 m¥/g va dwong kinh mao qudn ciia VLHP la 6,96 nm. Hiéu sudt
hdp phu dat 99,82+ 0,10% ¢ nong dé dau ciia MB la 500 mg/L va pH 8
tai nhiét do 30°C trong vong 40 phit di cho thay VLHP ¢6 kha ndng xir
Iy chdt mau MB rat tot. Qud trinh hdp phu tudn theo mé hinh ding nhiét
hdp phu Langmuir ¢ khodng nong do tir 10-50 mg/L, trong khi mé hinh
hdp phu ddang nhiét Freundlich lai phit hop véi khodng nong do MB ban
dau 50-500 mg/L.

1. GIOI THIEU

Céc nudc trén thé giGi ndi chung ciing nhu Viét
Nam néi riéng dang dung trudc mot thach thuc to
I16n @6 1a van nan 6 nhiém méi treong, dac biét la 6

nhiém mai truong nude. Cung véi Su phét trién vuot
bac cua nén cong nghiép, tinh trang nay da va dang
gia ting mot cach bao dong dén ngudn nude. Pdng
thoi, do dic thu cua nén cong nghidp méi phat trién
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& Viét Nam chua c6 su quy hoach tong thé dan dén
trong qua trinh hoat dong, nhidu nha may, bénh vién,
khu cong nghiép da tién hanh thai nudc thai xu Iy
chua dat yéu ciu ra mdi truong (Tuyén, 2021). G
thé do nhiéu nguyén nhan khac nhau nhu diéu kién
kinh té ciia xi nghiép con kho khan, chi phi xir 1y 16n
va nén k¥ thuat con han ché (Huy, 2012). Hau hét
nudc thai ciia cac nha may xi nghiép thuong rat doc
hai, trong d6 khong thé khong ké dén nganh cong
nghiép dét nhuom; vi nudc thai cta nganh dét
nhudm c6 do kiém cao (pH = 8 — 11) 1am dn mon
céc cong trinh thoat nudc va hé théng xir Iy nude
thai. Bén canh d6, ham lugng 6 nhiém chat hitu co
cao trong nudc thai dét nhugm (COD = 620 — 4585
mg/L) (Bisschops & Spanjers, 2003) lam giam oxy
hoa tan trong nuée dan dén gay hai d6i véi doi sng
Cua cac sinh vat thuy sinh. Bac biét, 36 mau cao do
lwong thude nhudm du di vao nuée thai gdy mau cho
dong tiép nhan. Cac chit mau wc ché sy xam nhap
cua anh sang mat troi vao nude, do d6 anh hudng
dén qua trinh quang hop cua céc loai thuy sinh, anh
huong xau téi canh quan. Mot sé thudc nhudém va
céc san pham phan hiy cta ching c6 thé doc hai va
gy ung thu. Tiép xuc lau dai vi methylene blue
(MB) c6 thé gay noén mira, ting nhip tim, sbc, tim
tai, vang da (Vadivelan & Kumar, 2005). Cac k¥
thuat dé loai bo MB trong nudc thai bao gom xir Iy
vi sinh (El-Naas et al., 2009), keo tu (EI-Gohary et
al., 2009), oxy hoa khir (Gomes et al., 2008), cong
nghé loc mang (Daas et al., 2010) va két hop thém
nhiéu phuong phap khac (Wu et al., 2011). Céc
phuong phap trén c6 hi¢u qua cao, tuy nhién qua
trinh xtr 1y kha phtic tap va hiéu qua kinh té khong
duoc t6i wu nén han ché trong tng dung thuc té.
Chinh vi vay, hip phu tuy 1a mét phuong phép
truyén théng nhung van duoc sir dung nhiéu nhu
mot giai phap thuc té va kinh t& dé loai bé nudc thai
nhiém pham nhudém béi tinh don gian va hiéu qua
cao ciing nhu linh hoat va phu hop déi véi hau hét
qua trinh xir 1y nuéc thai thyc té hién nay. D3 c6
nhiéu cong trinh nghién ctu vé loai bo MB bing
phwong phéap hip phu than hoat tinh ché tao tir nhiéu
nguyén li¢u khac nhau nhu ba mia (Suksabye et al.,
2007), vo hanh nhan (Thitame et al., 2016), than tre
(Tan et al., 2008), mun dtra (Namasivayam et al.,
1994; Namasivayam et al., 2004; Kavitha et al.,
2007). O Viét Nam, udc tinh mdi nam thu hoach tir
1,3 dén 1,4 ty trai dira. Riéng Bén Tre vao ndm 2006,
mdi ngay c6 hon 1.000 tan mun dira thai ra tir cac co
s&' san xuit chi xo dira. Tuy nhién, do chua c6 cong
nghé xir ly bai ban hay nhu ciu sir dung chua cao
nén cac phu phdm nay c6 thé gay 6 nhim moi
truong.
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Dua trén cac nghién ctu trude day, hau hét than
hoat tinh ché tao tir mun dira (CP) bang nhiéu
phuong phap va sur dung cac tac nhan hoat hoa khac
nhau déu c6 kha ning hap phu lugng 16n MB véi
hiéu suat hap phu kha cao nhu nung mun dira 600°C,
hoat hoa vai HsPO4 (Thitame et al., 2016), mun dira
nung 700°C (Kavitha et al., 2007) va mun diura hung
& 600°C rdi hoat hoa bang NaOH (Sesuk et al.,
2019). Pac diém chung cta cac phuong phap nay 1a
tén nhiéu ning lugng va thoi gian dé vira than hoa
va hoat hoa muyn dira. Chinh vi thé trong nghién ciru
nay, mun dira d4 loai lignin dugc lya chon dé ché
tao vat liéu hap phu (VLHP) bang phuong phap
Hummers ma khong qua qua trinh than hoa trudc do
v6i muc dich tiét kiém chi phi va thoi gian ché tao
nhiam tang hiéu _qua Kinh té, hira hen s& 1a mot vat
ligu méi day tiém nang trong tuong lai. Chinh vi
vy, d6 1a mot trong diém ndi bat cua nghién ciru
nay.

Nghién ctru nay trinh bay kha nang loai bo MB
nho qué trinh hap phy cia VLHP duoc téng hop
bang phuong Hummers dé khao sat vé kha ning hap
phu trong cac diéu Kién khac nhau nhu thoi gian,
khoang pH va ndng d6 6 nhiém ciia MB. Nghién ciru
nham tim kiém giai phap loai bo thuéc nhuém MB
v6i chi phi thdp, kha thi va than thién véi moi
truong.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Céc hoa chat chinh dugc sir dung trong nghién
ctru nay 1a sodium hydroxide (NaOH, 96%), sulfuric
acid (H2S0a, 98%), phosphoric acid (HsPO4, 85%),
potassium permanganate (KMnOa), hydrogen
peroxide (H202, 30%), hydrochloric acid (HCI, 36-
38%), methanol (C;HsOH, 96%), methylene blue
(C16H16CINsS), potassium chloride (KCI) mua tir
hoéa chat Xilong, Trung Quéc.

Vit liéu mun dira dugc thu mua trén dia ban quan
Ninh Kiéu (Can Tho), nudc cét tai phong thi nghiém
Cong nghé hoa hoc dugc st dung dé 1am dung moi
hoa tan va rira san pham.

2.2. Chétao VLHP tir mun dira biang phwong

phiap Hummers

Quy trinh ché tao VLHP duoc thyc hién theo
phuong phap Hummers vai sy cai tién cia Marcano
(Marcano et al., 2010), nghién ciru nay khong st
dung NaNOj3 Iam chét oxy héa dé tranh cac ion Na*
va NOz~ du, rat kho bi loai bo trong qua trinh rira
ciing nhu tinh ché san phim nhung ting chat oxy
héa KMnOa. Bdng thoi, lugng HsPO, dugc thém
vao dé tang tinh acid cho méi trudng, nang hiédu suat
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oxy hoa cia KMnO; (Santamaria-Judrez et al.,
2020). Viéc sira d6i nay da thanh cong trong viéc
tang nang suit phan tmg va giam cac khi doc hai
sinh ra tir phan tmg. Phuong phap trén da nghién ctru
va luan phién thay déi tirng cap bién sé dé dugc quy
trinh diéu ché VLHP tir CP mang lai hiéu suat hap
phu trén 90%. Céac hat VLHP duogc téng hop tir
phuong phap Hummers thong qua qua trinh oxy hoa
mun dira da loai lignin bang KMnO4 trong moi
tm(‘mg acid 1a H,SO4 va H3zPOg,.

Quy trinh téng hop VLHP duoc trinh bay cu thé
nhu sau: Pong HSO4 98% va HsPO4 85% theo ti 1€
thé tich 9:1 (mL/mL) trong cdc 1000 mL va khudy
15 phit véi toe do khudy 300 vong/phut dé dung
dich acid déng déu. Muyn dira duoc cin va cho vao
dung dich acid trén, tiép tuc khudy theo thoi gian
khao st [0,5 va 2] gio, ha nhiét &6 cua hdn hop trén
xuéng 15-20°C bing cach ngdm trong chau da va
mubi dé ngan chin sy bung nd do sy tao thanh
Mn,Oy tir phan tng caa KMnO4 va HaSO4 ¢ nhiét
d6 trén 55°C (Sorokina et al., 2005; Pei et al., 2018),
dén khi dat duoc nhiét d6 mong muén thi cho tir tir
KMnO, vao theo ti 1& khbi lwong CP:KMnOy4 (g/g)
khao sat [1:6; 1:3; 1:1 va 1:0,5] lac nay hon hop cé
mau nau tim, dén khi cho toan bd KMnO4 vao hdn
hop thi 1y chau d4 ra va 6n dinh nhiét ¢ 35°C giit
dén 2 gio, nhan thay hdn hop chuyén sang mau néu
sam. Sau d6, 400 mL nudc cat di lam lanh dugc cho
vao dé giam do nhét va tranh hién twong qua nhiét
va giit trong 30 phut. Cudi cing, 9 mL H,0, 30%
dugc nho tir tir vao dé gitp loai bo cac mudi kim loai
con du ra khoi hdn hop mot cach dé dang, ltc nay
dung dich chuyén sang mau nau vang va dé trong 30
phat. Ca qua trinh thuc hién bing may khudy co va
duy tri tdc do khudy 450 vong/phat. Két thic qua
trinh, hdn hop duoc dem ly tim trong 10 phut véi
tdc do 1a 4000 vong/phut, phan dung dich thu dugc
dem di rtra nhiéu 1an véi nudc cat, HCI va C2HsOH
dé loai bo cac san phiam phu. Sau mdi budc rira,
dung dich dugc ly tdm & 4000 vong/phut trong 10
phut, sau cho dung dich thu ¢6 pH trung tinh va siy
¢ 60°C bang tu siy Memmert UF450 dén khéi luong
khong d6i. Chat ran thu dugc sau qua trinh sdy 1a
VLHP (hay CP da dugc oxy hoa) va dugc dem phan
tich dé xac dinh cac tinh chat hoa 1y.

2.3. Thi nghiém xac dinh kha niing hap phu

MB cua VLHP

Qué trinh hap phu MB dugc khao sat bang cach
str dung phuong phap luan phién tung bién dé xac
dinh diéu kién tdi uu cho qué trinh. D¢ tién hanh
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khao sat hap phu véi 100 mL MB, 0,3g CP duoc sir
dung. Khao sat yéu td pH [4, 6, 8 va 10] bang cach
st dung dung dich NaOH 0,1 M va HC1 0,1 M, ndng
d6 chat bi hap phu thay déi tir 10 dén 500 mg/L va
trong thoi gian 5 dén 100 phat ¢ nhiét do tir 30-
70°C. Két thuc thi nghiém, 5 mL dung dich duoc liy
ra khoi mau. Nong d6 MB sau hap phu dugc xéac
dinh bang phuong phap do UV-Vis sau khi duoc ly
tam nhiéu lan dé loai bo chat hap phu. Cac thi
nghiém trén duoc lap lai 3 1an dé ting d6 tin cay.
2.4. Tinh toan va xir Iy s liéu

Dung luong hip phu ge (mg/g) va hiéu suat hap
phu H (%) dugc tinh theo cong thuc ( Kastner et al.,
2015; Pei et al., 2018):

Co— CV
qe=u (1)

m
Co Ce

H= X 100%

2

Véi Qe (mg/g) 1a dung Iugng hap phu, Co (mg/L),
Ce (mg/L) lan Tuot 12 nong do MB trudc va sau khi
hap phu, 'V (mL) la’the’tlch dung dich hip phy, m
(g) 1a khoi lugng chat hap phu.

2.4. Phwong phap phan tich

Trong nghién ctru nay, phuong phap phén tich
nhiét trong lugng duoc dung dé xac dinh phan trim
khéi lwong mét di cua vat liéu nham danh gia kha
nang than hoa cta phuong phap Hummers; dién tich
bé mat riéng dugc xac dinh qua phuong phap
Brunauer—Emmett-Teller ~ (BET)  (thiét  bi
Quantachrome NOVA 2200e¢). Ngoai ra, may quang
phd hap thy tir ngoai kha kién (UV-Vis) dung dé xac
dinh ndng d6 dung dich MB trudc va sau khi hap
phu boi vat liéu (thiét bi Jenway 6850, Jenway —
Anh).

3. KET QUA VA THAO LUAN
3.1. Panh gia tinh chit VLHP
3.1.1. Phan tich nhiét trong lwong cua VLHP

Nham danh gid kha nang than hoa CP cua
phwong phap Hummers cai tién dwoc sir dung trong
nghién ctru nay khi thay ddi lugng hdn hop acid va
ti 16 CP:KMnOQ4 va thoi gian diéu ché, phwong phap
phan tich nhiét trong lugng da dugc st dung dé xac
dinh phan tram khéi luong mat di khi VLHP dugc
dun néng tir nhiét do phong dén 600°C vdi toc do
gia nhiét 1a 10°C/phut. Két qua phan tich nhiét trong
luong ctia 3 mau VLHP tuong tng 3 ti 1¢ khac nhau
dugc trinh bay ¢ Hinh 1A, 1B va 1C.
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Hinh 1. Puong cong phan tich nhiét trong lwgng ciia VLHP miu 01 (1A), 04 (1B) va 07 (1C) tir nhiét
d¢ phong dén 600°C é toc do 10°C/phut

do 1a 75°C, ing vdi mii nay c6 11,37% khéi luong

mat di. Day la sy giam khoi lugng do d6 am cua

nudce lién ket vat 1y trén vat liéu. Khi nhiét do tang

O mau 01, céc ti & khao sat dugc tién hanh theo
phuong phdp Hummers dd dugc cai tien bdi
Marcano. Hinh 1A cho thay mét mili & khoang nhiét
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tir 160-600°C, tong phan trim khéi lwong mét di 1a
67,52%. Nguyén nhan 1 do cac hop chét hitu co bi
phan huy ciing nhu hién tuong cat chudi hoic qua
trinh khir polymer va pha v& cac lién két C-O, C-C
& cac vong glucopyranose dién ra, dan dén hinh
thanh H,O, CO va CO- (Sesuk et al., 2019).

Hai mau 04 va 07 c6 sy thay dbi vé& luong acid,
mun dira, ciing nhu KMnO,. Két qua TGA cia mau
04 & Hinh 1B va mau 07 ¢ Hinh 1C cho thay rang
khi nhiét do tang tir 35°C dén 160°C, phan trim do
am mat di tang lan luot 1a 12,20% va 13,26%. Su
chénh léch nay la khong dang ké so voi mau 01.
Nhung néu tiép tuc ting nhiét do 1én 600°C thi tong
phan tram khéi lugng mat di 1a 83,29% véi mau 04
va 77,57% véi mau 07. O khoang nhiét do nay, phan
tram giam khéi luong cua VLHP di c6 sy chénh
léch kha 5 rét gitta mau 04 va 07 so v6i mau 01. Tir
d6 c6 thé thay rang viéc giam thé tich acid va khéi
lugng KMnO, s€ 1am giam di kha nang than héa CP
trong phuong phéap nay.

Ca 3 miu déu c6 phan trim khéi lugng mat di
cao hon trong bao cao cua Sesuk et al. (2019) véi
phan tram khéi luong cac hop chat hitu co mat di
42,58%. Két qua trén cho thay rang phwong phap
Hummers cai tién chi than héa dugc mot phan bé
mat CP. Viéc giam thé tich acid, luong KMnOy va
thoi gian hoat hoa ciing lam anh huong hiéu suat

Tdp 58, S6 2A (2022): 89-101

than héa cia mau. Tuy nhién, sy giam higu sué:[ than
hoéa nay khong anh hudng dang ké dén hiéu suat hap
phu cua vat liéu.

3.1.2. Dién tich bé mdt riéng cua VLHP

Dién tich bé mat 1a mot trong nhitng thong sb
quan trong can dugc danh gia ddi véi cac vat lidu
xtc tac hap phu néi chung. Do d6, mau 07 duoc tién
hanh do dién tich bé mat riéng bang phuong phap
BET va Bang 1 cho biét két qua xac dinh dién tich
bé mit riéng ciia VLHP trong nghién ctru nay 14 9,3
m?/g. Trong khi d6, dién tich bé mit riéng ctia mun
dura tho 1a khoang 7,42 m?/g (Suksabye et al., 2007).
Diéu nay khing dinh viéc ché tao VLHP tir mun dira
da loai lignin bang phwong phap Hummers cai tién
chi than h6a mét phan bé mat cia mun dira nén dién
tich bé mat cia VLHP c6 ting hon so véi nguyén
liéu dau nhung chua nhiéu. Bén canh viée xac dinh
dién tich bé mat caa VLHP thi d6 rong cac 16 x6p
trong VLHP ciing c6 ¥ nghia quan trong va gop phan
cai thién dién tich bé mat, ciing nhu tinh chon loc
ctia VLHP. Trong nghién ctru ndy, duong kinh 16
Xép cua VLHP do duoc 1a 6,96 nm. Véi kich thuéce
nay, 16 x6p trong VLHP dugc xem la mesopore
(khoang trung binh) nén c6 ¥ nghia quan trong trong
viéc hap phu cac phan tir ¢ kich thuéc I6n nhu cac
chat hitu co bén hay cac hop chat mau.

Bang 1. Dién tich bé mit, thé tich 16 x6p, dwdmg kinh 15 x6p

Mau Dién tich bé mit riéng
BET (m?/g)

Dién tich bé mit
riéng don 16p (M?/g)

Thé tich 16 x6p  Pwong kinh trung
(cm®/g)  binh 16 xop (nm)

07 9,3

8,19 0,016 6,96

3.2. Chétao VLHP

3.2.1. Anh hwong thoi gian hoat héa CP dén
hiéu suat hap phu

Két qua khao sat kha ning anh huong cua thoi

gian hoat hoa CP dén hiéu suat hap phu lan luot trinh

bay & Bang 2. K&t qua cho thay khi ting thoi gian

hoat héa tir 30 phiit 1én 2 gio thi hiéu suat hap phu

tang tr 96,70+ 0,42% 1én 98,26+0,11%. Do thoi
gian hoat hoa du lau dé lugng acid ngim vao sau bén
trong cac hat CP 1am cho phan dién tich bé mat hat
duoc hoat héa ting 1én, dan dén ting hiéu qua cua
qua trinh oxy hoa nén hiéu suat hap phuy ting. Su
chénh léch vé khdi lwong VLHP gitra 2 mau la
khong dang ké. Thoi gian hoat héa dugc chon 1a 2
gid dé khao sat cac yéu té tiép theo.

Bang 2. Anh hwéng cia thoi gian hoat héa CP dén higu suat hip phu

L Ti 1é¢ CP:KMnO4 Khoi lugng
. Thai gian £ VLHP 'thu
Miu  hoathéa  CP:KMnOs  H2SOs:HsPOs " Ge H (%)
(gio) @ (mL) dwoctrénlg (mgl/g)
CP(9)
01 05 _ _ 009 3.32+002 96,70+ 042
02 2 3:18 360:40 010 333001 98264011

Quy trinh ché tao VLHP & méu 01 duoc thuc
hién theo phuong phap Hummers véi sur cai tién ciia
Marcano cho hiéu suat loai bo cao (96,70 0,42% ),
nhitng héa chat str dung trong quy trinh twong doi

nhiéu. Tinh trén thyc té va 4p dung vao cong nghiép
thi day 1a mat han ché rat 16n. Vi thé, phuong phap
trén da nghién ctru va luan phién thay doi timg cap
bién s6 dé dugc quy trinh diéu ché VLHP tir CP.
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3.2.2. Anh huong cua ti 1¢ CP:KMnOs dén hiéu
suat hap phu

Két qua khao sat kha ning anh huong cua ti 1¢
CP:KMnO; dén hiéu suit hap phu lan luot trinh bay
& Bang 3. Hiéu suat hap phu giam dan tir mau 02
dén mau 05 nhung khong dang ké ching minh rang
4 mau & 4 ti 1é cuia CP:KMnO4 khong anh huéng
nhiéu dén hiéu suat hap phy, tuy nhién vé mat kinh
té cling nhu hoa chat & mau 05 tiét kiém tdi da, ning
duoc khdi luong san pham 1én 240% so v6i mau 02.
Bén canh d6, khi giam lwong KMnO4 xuéng thanh
ti 16 9:4,5 (CP:KMnOy) thi hiéu suat hap phu giam
tir 98,26% xudng con 83,76% (14,52%) so véi mau
02. Piéu nay cho thay lugng KMnOy, thap da anh
huéng dén qué trinh didu ché VLHP va tir d6 dan
dén giam hiéu suét cua qua trinh hip phy MB.

Tdp 58, S6 2A (2022): 89-101

Luong acid va KMnO, duoc st dung dé tao ra 1
g VLHP duoc tinh cho mau 02 va mau 05, két qua
dugc trinh bay ¢ Bang 4. Két qua & Bang 4 cho thay
& mau 05 luong acid sir dung chi bang 13,88% so
vé6i lugng acid sir dung & mau 02. Bén canh do, khbi
lugng KMnO, sir dung cho mau 02 lai 16n hon 14
14n so véi khdi lwong KMnOy st dung cho mau 05.
Mic du hiéu suat hap phu MB cia mau 05 c6 nho
hon (2,54%) so véi higu suat hap phu MB caa mau
02, nhung su chénh léch nay 1a khong dang ké so
v6i lugng hoa chét phai tiéu tén dé tao ra 1 g mau
02. Vi ly do d6, mau 05 vai ti 16 CP:KMnOy 14 9:9
(g/g) dugc dung dé khao sat sy anh huong cua cac
yéu t tiép theo.

Bang 3. Anh hwong cia ti 18 CP:KMnO4 dén hiéu suit hap phu

Tilé¢ CP:KMnOsvatilg acid  Thai gian Khéi lwgng
Miu ~CP:KMnO:  HzSO<HiPO:  hogthéa  VLHP thudwee /q§ H (%)
(9) (mL) (gid) trén 1 g CP (g) o
02 3:18 0,10 333001 9826+0,11
03 3:9 0,18 333+002 9748+0,26
04 9:27 360:40 2 022 333+001 97,07+0,18
05 9:9 024 3324001  9572+0,11
06 9:4,5 0,35 324003  83,76+0,52

Bing 4. Hoa chat sir dung dé tao ra 1 g VLHP khi
co dinh lwgng acid sir dung

% Lwongacid st  KMnOg4 o
MU dung(mL) (@ H (%0)
02 1333 60 9826+0.11
05 185 417 95.72+0,11

3.2.3. Anh hiong cua lwong hon hop acid sir
dung den hiéu suat hap phu

Dé tiét kiem t6i da luong hoa chit st dung va
nang cao hiéu qua kinh té va tao ra VLHP than thién
moi truong. T quy trinh mau 05, lwong hdn hop
acid tiép tuc giam xudng dé khao sat sy anh huong

cua acid dén hiéu suat hap phu. Két qua khao sat anh
huong ciaa luong hdn hop acid déi dén hiéu suat hap
phu duogc trinh bay ¢ Bang 5. Khi luwong acid st
dung giam tir 400 mL xuéng 200 mL thi hiéu suét
giam tir 95,72 + 0,11% (mau 05) xudng con 95,10 +
0,57% (mau 07), su thay ddi nay duoc xem 1a khong
dang ké, nhung néu tiép tuc giam luong acid sir dung
xudng dén 100 mL thi hiéu suat hip phu giam chi
con 82,83 = 0,52% (méu 08). Diéu nay c6 thé 1y giai
1a do lwong acid sir dung da khong du dé than hoa
mun dira va hoat hoa bé mat VLHP (Ip et al., 2008);
tir d6 c6 thé két luan rang luong hdn hop acid st
dung s& c6 anh huong dén kha nang hip phu MB cua
VLHP.

Bang 5. Anh hwéng cia lwgng hdn hep acid (H2S04:HsPO4) sir dung dén higu suit hip phu

Tilg¢ CP:KMnOsva tilg acid  Thai gian Khéi lwong
Miu ~ H:;SOsHsPO: CP:KMnOs  hoathéa  VLHP thu duge m /q; H (%)
(mL) ) (gis)  trén1gCP(g) 99
05 360:40 024 332+0001 9572+0,11
07 180:20 9:9 2 0,40 3,32+0,003 95,10+ 0,57
08 90:10 0,33 3,23+0,004 82,83 +0,52
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Bang 6. Hoa chét sir dung dé tao ra 1 g VLHP khi
co ti [&¢ CP:KMnO4 sir dung

H2S04:H3PO4

A (o)
Mau (mL) KMnO:4(g) H (%)
05 185 4,17 9572+0,11
07 55,5 2,50 95,10+0,57

Do su khac biét vé hiéu suat hap phu MB cua 2
mau 05 va 07 chi 1a 0,62% nén dé lya chon diéu kién
t6i wu cho qua trinh didu ché VLHP, lwong hoa chét
sir dung da dugc tinh trén can ban 1 g VLHP. Két
qua trinh bay & Bang 6 cho thdy rang dé taora 1 g
VLHP thi mau 07 chi sir dung lugng KMnO; bang
60% va luong acid bang 30% so véi mau 05. Két
qua trén cho thiy st dung 55,5 mL hdn hop acid
H2SO4 va H3PO4 theo ti € (9:1) va 2,50 g KMnOg4
s€ thu dugc 1 gam VLHP c6 kha nang xt ly MB véi
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higu suat 95,10+ 0,57%. D6 1a kiéu kién t6i wu dugc
chon dé diéu ché VLHP trong nghién ctru nay.

3.3. Qui trinh xir Iy MB bing VLHP dwgc
dieu che bang phuong phip Hummers
cai tien

3.3.1. Anh huong cia pH

Sy hap phu thudc nhudém bi anh huong nhiéu boi
pH dung dich do tac dong caa no 1én dién tich bé
mit chat hap phu va muc d6 ion hoa cta cac phan tir
thudc nhudém (Qin et al., 2016). Vi vay, viéc st dung
VLHP tir mun dira xir Iy pham nhuom MB trong
nude di duoc tién hanh khao sat véi cac gia tri pH
lan luot 4, 6, 8 va 10. Két qua & Hinh 2 cho thay hiéu
suit xtr Iy cia MB ciia VLHP nhin chung khéng c6
su chénh léch dang ké giita cac gia tri pH khac nhau
cua dung dich.

H (%) =—e=ge (ng/g)

A ) ) ) - 100
3 - - * - 75
& ~
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Hinh 2. Anh hwéng cia pH dén dung lweng va hiéu suit hip phu MB

Khi d6 pH ting tir 4 dén 10, hiéu suat loai bo
tang, diéu nay co6 thé duoc giai thich 1a do twong tac
tinh dién cua cac loai cation thuéc nhuom véi bé mat
tich dién am cua VLHP. O pH 4, mic du cac vi tri
bé mit tich dién dwong trén chat hap phu khong
thuan loi cho sy hap phu caa cac cation thuéc nhuém
do lyc day tinh dién, nhung kha nang loai bo thudc
nhudm van cao, véi dung lwong va hidu suat hap phu
lan luwot 12 3,11 mg/g va 93,30+ 0,19%. Khi do pH
tang tir 4 dén 10 thi hiéu suét loai bo ting thém
2,70%, dung luong hip phu ting tir 3,11 1én 3,20
mg/g, diéu nay 1a khong dang ké co thé do ndng do
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H* khong cao nén xay ra sy canh tranh gitra ion H*
va cation MB*1a rat it. Tir d6 c6 thé thiy ring co ché
chinh cta qua trinh hap phu MB 1én bé mat cua
VLHP la do lyc hat phan t&r (Van der Waals) gitra
chat mau MB va VLHP. Lyc hat nay 1a rit manh nén
¢6 thé canh tranh véi proton va chiém vi tri hap phu
hoat dong trén VLHP ngay ca ¢ pH thap (Yan et al.,
2014). Két qua cho thay ring su hap phu MB 1én
VLHP dugc didu ché tir mun dira di loai lignin bing
phuong phap Hummers cai tién gan nhu khong phu
thudc vao pH trong pham vi khao sat.
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Hinh 3. Pé thi biéu dién sy phu thudc ciia ApH theo pHaq

Hinh 3 biéu dién su phu thudc cua ApH theo pHyq
va xéc dinh dugc gia tri pH diém dang dién (pHezc)
ctia VLHP dugc ché tao tir mun dira 1a 5,4, do d6 pH
cua dung dich chira MB nén duoc diéu chinh cao
hon 5,4 s& thuan thién cho qua trinh xir Iy. Theo Quy
chuan ky thuat quéc gia, nudc thai nganh cong nghé
dét may, gia tri pH ti da cho phép nuéc thai dét may
duoc thai vao cac ngudn nudc duoc dung cho muc

dich sinh hoat tir 6,0-9,0 va pH tur 5,5-9,0 khong
diung cho nudc cung cdp muc dich sinh hoat
(QCVN, 2008). Vay pH 8,0 14 tdi wu cho qué trinh
loai bo MB, ciing nhur viéc xa thai khi két thac quéa
trinh loai bo.

3.3.2. Anh huéng cua thoi gian

H (%) —e=qe (mg/g)_
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Hinh 4. Anh hwéng cia thoi gian dén dung lwong va hi¢u suat hip phu MB

Hinh 4 biéu dién sy anh huong caa thoi gian dén
dung lugng va hidu suat hap phu MB ctia VLHP ché
tao tir mun dira. Hiéu suat va dung luong hap phu
lan lugt dat 96,90+ 0,26% va 3,23 mg/g trong 5 phat
déu tién. Khi tang thoi gian 1én 40 phut, hiéu suit
hau nhu khong thay doi khi chi léch 0,4% (tir 96,90+
0,26% 1én 97,30+ 0,12%) va dung lugng hap phu
dat 3,24 mg/g. Néu tiép tuc ting thoi gian hip phu
1én dén 100 phut thi c6 sy gidm nhe cua hi¢u Sut va
dung lwong hap phu xudng 96,60+ 0,21% va 3,22
mg/g. Nguyén nhén cua viéc hép phu nhanh (hiéu
suat hap phu dat 96,90+ 0 ,26% trong 5 phut) c6 thé
la do duong kinh 16 x6p ¢ mirc trung binh
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(micropores) nén rat thuan lgi cho viéc hap phu cac
dai phéan t¢ nhu MB (Nasrullah et al., 2018) va do
qué trinh than hoa chi dién ra mot phan bén ngoai
ctia hat mun dira nén thoi gian hap phu da khong bi
anh huong bai giai doan khuéch tan cta phéan tir MB
vao siu bén trong cac 16 xp nhu nhitng loai VLHP
¢6 cAu trac 16 xdp cao. Bén canh do, luc Van der
Waals va luc hut tinh dién ciing gop mot phan vao
viéc giir cac phan tir MB trén bé mat VLHP. Biéu
nay ching minh rang céu trac 16 x6p khong phai 1a
nguyén nhan chi yéu cta qua trinh hap phu MB trén
bé mat VLHP. Kha ning hap phu nhanh chong 1a
mot trong nhimg wru diém ciia VLHP nay so véi cac



Tap chi Khoa hoc Truong Pai hoc Cén Tho

chat hap phu c6 ngudn géc hydrocarbon khac. Dé
qua trinh hap phu c6 thé 6n dinh khi khao sat cac
yéu t6 khac, thoi gian t6i uvu dugc chon 1a 40 phat.
3.3.2. Anh hweng nhiét @é dén kha nang hdp phu
Nhiét d6 c6 anh huong 16n dén qua trinh hap
phu. Viéc tang nhiét d6 1a lam tidng toc d6 khuéch

Tdp 58, S6 2A (2022): 89-101

tan ciia cac phéan tir chat hap phu qua I6p ranh giéi
bén ngoai va bén trong cac 16 x5p cua chat hap phy,
do @6 nhét cua dung dich giam. Ngoai ra, thay ddi
nhiét do s& lam thay doi kha ning can bang cua chat
hip phu ddi v&i mot chat bi hap phu cu thé (Al-
Qodah, 2000; Dogan et al., 2004).
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Hinh 5. Sy anh hwéng cia nhiét do dén hiéu sut va dung lrong hap phu MB

Két qua & Hinh 5 cho thdy kha nang hap phu cua
MB trén VLHP so véi nhiét 6. Khi ting nhiét do tir
30 dén 70°C, kha niang hap phu giam tir 3,24 dén
3,17 mg/g, hiéu suat hip phu giam cham (2,10%) tur
97,30+ 0,12% xudng 95,20+ 0,34%, diéu nay khong
dang ké. Xu huéng tuong ty da dugc bao cao boi
Chandra et al. (2007). Nguyén nhan c6 thé 14 do lién
két vat 1y gitra cac hop chat hiru co (bao gdm ca
thudc nhudm) va cac vi tri hoat dong cua chét hip
phu yéu di khi nhiét d6 tang. Bén canh do6, d¢ tan
cua MB ciing tiang 1én lam cho lyc tuwong tac gitra
chit tan va dung méi tré nén manh hon chat tan va
chat hip phu, do d6 chat tan kho hap phy hon (Tan
et al., 2008).

Mot diém rat 1y tha ¢ két qua trén 1a tai nhiét o
70°C, hiéu suét hap phu dat 95,20+ 0,34%, két qua
nay khé cao va né cho thdy VLHP trong nghién ciru
nay c6 kha ning hap phu dugc MB ngay ca trong
moi trudng nhiét do cao. Didu nay cho phép vat lidu
duoc tng dung manh mé hon trong viéc xir Iy nudc
thai dét nhuom vi thong thuong nudc thai nganh dét
nhudm c6 nhiét do cao nén can phai luu bé mét thoi
gian dai trudc khi tién hanh xi ly. O nhiét d6 30°C
thi hiéu suat hap phu dat cao va nhiét d6 gan diéu
kién thuong nén dugc chon cho cac khao sat tiép
theo.
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3.3.3. Anh huong nong do MB ban dau dén kha
nang hap phu

Nong d6 MB ban dau dugc khao sat 1an luot ¢
cac muec 10, 30, 50, 100, 200, 300, 400 va 500 mg/L.
Két qua & Hinh 6 cho thiy rang khi ting nong do
MB tir 10 mg/L dén 500 mg/L, hiéu suat hip phu
tang rit cham tir 95,90+ 0,29% lén 99,82+ 0,10%
(3,92%), nhung dung lwong hip phu ting nhanh va
on dinh tir 3,20 1én 166,36 mg/g. Nguyén nhan dugc
cho 1a ndng d6 MB cao, su gia ting cudng do ion
dan dén sy gia tang kha nang hap thu, ngoai ra khi
nong do ban dau tang 1én, dong luc truyén khoi s&
tré nén 16n hon, do d6 dan dén sy hip phu MB cao
(Yang et al., 2011). O nong d6 500 mg/L, hiéu suat
va dung lugng hap phu cao dat 99,82+ 0,10%,
166,36 mg/g va chua tim thay diém bao hoa giira cac
15 x5p va cation MB. Diéu nay chung t6 VLHP ché
tao trong nghién ctru nay c6 kha nang hap phu MB
rat tét. Dung luong hip phu cuc dai cua VLHP dbi
v6i MB duoc khao sat bang cach tiép tuc cho hip
phu nhiéu lan ¢ néng d6 MB ban dau 1a 500 mg/L
dén khi bio hoa thi két qua dung luong hap phu cuc
dai dat 455,89 mg/g. Két qua nay chi ra rang kha
nang tng dung loai b6 MB ¢ quy mo cong nghiép
ciia VLHP ché tao tir myn dura da loai lignin bang
phuong phap Hummers cai tién 1a rat cao.
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Hinh 6. Anh hwéng cia nong do MB ban dau dén higu suat va dung lwong hip phu MB

3.3.4. Cdc mé hinh dang nhiét xir Iy

Phuong trinh hap phu dang nhiét theo Langmuir
va Freundlich & ndng d6 MB ban dau 10-500 mg/L
¢6 hé sb hdi quy tuyén tinh lan luot 1a R2 = 0,3803
va R?=0,8516. Két qua nay cho thdy d6 tuong quan
giita két qua thyc nghiém trong nghién ciru nay véi
ca hai mo hinh 1a chua cao; tir d6 xay dung thém cac
mo hinh Langmuir va Freundlich & nong d6 MB ban
dau 10-50 mg/L va nong d6 MB ban dau 50-500
mg/L.

Xét m hinh ddng nhiét Langmuir trong khoang
nong do tir 10-50 mg/L va 50-500 mg/L, két qua
trong Bang 7 cho thiy dé twong quan R? & khoang
nong do thap tir 10-50 mg/L c6 gié tri 14 0,9507, gia
tri nay cao hon R? = 0,8755 trong khoang nong do
cao tir 50-500 mg/L. Néi cach khac, & khoang nong
d6 thap thi cac phéan tir MB phan 16n s& hap phu don
I6p va hau hét nang luong lién két gitra MB va tim
hap phu 1 nhu nhau.

Béng 7. Cac thong sb ciia mé hinh ding nhiét xir Iy Langmuir va Freundlich cho qué trinh xir Iy MB

véi ndng dd ban dau 10-500 mg/L

Ping nhiét Langmuir

Piing nhiét Freundlich

Khoang nong d6 MB tir 10-500 mg/L

R? 0,3803 R? 0,8516
Ke (L/mg) 1,12 1.n? (L/mg) 3,8276
Omax (MQ/Q) 7,86 Kr 229,98
Khoang nong d6 MB tir 10-50 mg/L

R? 0,9507 R? 0,8158
Ke (L/mg) 2,43 1.n? (L/mg) 28,25
Qmax (MQ/Q) 0,159 Ke 109,67
Khoang nong d6 MB tir 50-500 mg/L

R? 0,8755 R? 0,9652
KL (L/mg) 0,95 1.n"t (L/mg) 2,7881
Omax (Mg/qQ) 28,33 K 187,11

Tuy nhién, néu xét & mo hinh dang nhiét
Freundlich thi c6 su khac biét so voi mé hinh dang
nhiét Langmuir. Cu thé 1a hé sé tuong quan R? &
khoang nong d¢ thap tir 10-50 mg/L c6 gia tri la
0,8158, gia tri nay thip hon R2 = 0,9652 trong
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khoang ndng do cao tir 50-500 mg/L. Piéu nay co
thé hiéu 14 cac phan tir MB phan Ién ciing dwoc hap
phu don 16p trén bé mat VLHP va bat dau ¢6 sy khac
biét vé nang lugng lién két gitta MB va cac tdm hap
phu. Thém vao d6, c6 kha ning 1a & mac nong do
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cao thi c6 mot phan dién tich bé mat VLHP da xuat

hién hién twong hap phu da 16p. Két qua & Bang 7

ciing cho thay dung luong hap phu cuc dai theo mo

hinh hép phu Freundlich 1a 187,11 mg/g va két qua

nay ciing gan véi gi tri thuc nghiém 14 166,36 mg/g.
3.3.5. Nhiét déng hoc

Bang 8 trinh bay két qua cia mo hinh nhiét dong

hoc Van’t Hoff va cho thay gia tri am cta AHC (-

Tdp 58, S6 2A (2022): 89-101

11,89 kJ/mol) d thé hién ban chat toa nhiét cua qua
trinh hap phu. AG® chi ra tinh tu phat ban chat cua
su hap phu dbi véi MB & 30, 40, 50, 60 va 70°C
(Benhachem et al., 2019; Cardoso et al., 2011;
Umpierres et al., 2017). Gia tri &m cua entropy trong
qué trinh hap phu (-17,78 J/mol.K) chi ra sy giam
tinh x40 tron tai bé mat phan pha ran/long, din dén
tang tinh trat ty va on dinh cua qué trinh hap phu
(Umpierres et al., 2017).

Bang 8. Céc thong s6 nhiét dong hoe Van’t Hoff di véi sy hAp phu MB trén VLHP

Co AH° AS° AG° (J/mol)

(mg/L) (kJ/mol) (I/mol.K) 303,15K  313,15K  323,15K  333,15K 343,15 K
10 -11,89 -17,78  -6502,4 -6324,6 -6146,8 -5969 -5791,2
4. KET LUAN va theo mé hinh Freundlich & nong do MB la 50-

Trong nghién ctru nay, VLHP da duoc diéu ché
tir mun dira bang phuong phap Hummers cai tién dé
loai bo pham nhuom methylene blue mét cach thanh
cong. Hiéu sut loai bo cao 1én dén 99,82+ 0,10%,
dung lugng hap phu g. = 166,36 mg/g, tai pH = 8,0,
nhiét do 30°C, thoi gian hip phu 40 phut véi khéi
lugng VLHP 0,3 g va ndng d6 MB ban dau 1a 500
mg/L. Qua trinh hap phu tuin theo moé hinh
Lamgmuir & nong d ban dau thap tir 10-50 mg/L
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