NGHIEN CUU KHA NANG HAP PHU XANH METHYLEN
CUA TRO BAY BIEN TINH BANG PHUGNG PHAP
NUNG CHAY THUY NHIET VOI NAOH RAN

PHAM THI NGOQC THUY', LU THI YEN'
NGUYEN THI THU CUC!
"Truong Dai hoc Cong nghé Giao thong van tdi

Tom tit:

Do c¢6 dién tich bé mét 16n, ciu tric x6p, kich thude
hat nho va thanh phan hoéa hoc da dang, tro bay ngay
cang dugc cac nha khoa hoc quan tam nghién ctiu véi
vai tro la vat liéu hap phu (VLHP) tiém nang, c6 kha
nang hdp phu t6t cac chit 6 nhiém tit méi trudng va
hiéu qua trong xti ly nudc thai. Tuy nhién, nghién ctu
stt dung tro bay d€ xu ly xanh methylen (MB) trong
nudc thai con rat han ché. Vi vay, nghién ctiu dugc
thuc hién nhdm danh gia kha ning hdp phu MB cua
tro bay bién tinh (TBBT) bang NaOH ran 96% & 600°C
trong 1 gi¢. Phuong phap hap phu tinh dugc st dung
dé danh gia kha nidng hap phu MB trong moéi trudng
nudc cua TBBT véi cac yéu té6 anh hudng nhu thoi
gian hédp phu, gia tri pH ctia dung dich va néng do
MB ban dau. Két qua nghién ctiu cho thdy, kha nang
hép phu cta TBBT hon nhiéu so v6i mau tro bay tho
ban dau (TB); thoi gian dat cdn bang hdp phu khoang
90 phut; gia tri pH t6i uu la 7 véi hiéu suat hap phu
dat 98,53%; nong do MB la 100 mg/I thi dung lugng
héap phu dat cao nhat la 16,87 mg/g. Nhu vay, sti dung
TBBT dé hdp phu MB khong chi giup giai quyét cac
van dé moi truong, tdn dung ngudn chat thai ma con
mang lai lgi ich vé ky thuat va kinh té€, gép phan vao
su phat trién bén viing ctia cic nganh céng nghiép
lién quan.

Tu khoa: Hdp phu, TBBT, xanh methylen.
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1. M6 dau

O nhiém méi truong nudc do cdc chit hitu co va
cac chdt nhuém mau céng nghiép da tré thanh vén
dé nghiém trong va cap bach hién nay. Trong s6 cac
chit nhu¢m mau thi MB la m¢t trong nhiting chit phd
bién nhat, thuong dugc st dung trong cac nganh cong
nghiép dét may, gidy va da. Khong chi gy 6 nhiém moi
truong, MB con c¢6 thé gy hai cho stic khoe con nguoi
khi tiép xtic & muic do cao. Mot trong nhiing phuong

RESEARCH ON THE ADSORPTION OF
METHYLENE BLUE BY MODIFIED FLY ASH
USING CALCINATION-HYDROTHERMAL
METHOD WITH SOLID NAOH

Abstract:

Due to high surface area, porous structure, small
particle size and rich mineral composition, fly ash
has been widely studied as a potential adsorbent
material (VLHP), which exhibits a significant capacity
to adsorb pollutants from the environment and can
be effectively use in wastewater treatment. However,
current research on using fly ash for methylene blue
(MB) removal from wastewater is limited. Therefore,
this study aimed to evaluate the MB adsorption
capacity of modified fly ash (TBBT) with 96% solid
NaOH at 600°C for 1 hour. The static adsorption study
has been conducted on the adsorption of MB solution
of different concentrations on TBBT at varying pH,
contact time and initial concentration of dye solution.
Research results show that the adsorption capacity of
TBBT is much greater than the original raw fly ash
sample (TB); the equilibrium time of TBBT is about
90 minutes; the optimal pH value is 7 with adsorption
efficiency of 98.53% and MB concentration is 100
mg/l. The highest adsorption capacity is 16.87 mg/g.
Therefore, using TBBT for MB adsorption can not
only solve environmental problems, utilizing waste
resources but also bring many technical and economic
benefits, contributing to the sustainable development of
related industries.

Keywords: Adsorption, modified fly ash,

methylene blue.

JEL Classifications: Q56, Q57, Y10, O13, R11.

phdp hiéu qua dé€ loai bo cac chit nhuém mau tii nudce
thai 1a st dung VLHP, trong do, tro bay - san phim
phu ctia qua trinh dot than tai cdc nha may nhiét dién
da thu hut dugc sy chi y, quan tdm nghién ctiu ctia cac
nha khoa hoc va xem nhu 1a m¢t VLHP tiém nédng.
Theo s6 liéu tong hop tit T4p doan Dién luc Viét
Nam, Tap doan Dau khi Viét Nam, Tap doan Cong
nghiép Than - Khodng san Viét Nam va cac nha mdy
nhiét dién khéc, hién ca nudc ¢ 29 nha may nhiét dién
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dot than dang hoat dong. Nam 2021, tong lugng tro,
xi phat thai ti cdc nha may nhiét dién trén ca nudc
khoang hon 16 triéu tan, trong do, lugng phat thai tap
trung chu yéu ¢ khu vic mién Bac (chiém 64%); khu
vic mién Trung va mién Nam chiém tuong ting la 25%
va 11% (Tap doan Dién luc Viét Nam, 2022). Tinh dén
cudinam 2021, téng lugng tro, xi nhiét dién da tiéu thu
cong don qua cac nam trén ca nudc khoang 48,4 triéu
tdn, chiém khoang 48% tong lugng phat thai ti trudc
dén nay. O Viét Nam, tro dugc st dung cht yéu trong
linh vuc x4y dung nhu san l4p, lam phu gia khodng cho
xi médng, phu gia bé tong...; trong linh vuc cong nghiép
gia cong chat déo hay nong nghiép (Tap doan Dién luc
Viét Nam, 2022).

Hau hét cac loai tro bay la cac hgp chat silicat, chu
yéu bao gom silicon dioxide (SiO,), aluminium oxide
(ALO,), iron(III) oxide (Fe,O,) va mot s6 oxit kim loai
khdc nhu CaO, MgO, TiO,. Ham lugng than chua chay
chi chiém mot phin nho so véi tong ham lugng tro,
ngoai ra con c6 mot sé kim loai ndng nhu Cd, Ba, Pb,
Cu, Zn... Thanh phan héa hoc cua tro bay phu thudc
vao ngudn nguyén liéu than da st dung dé dét va diéu
kién dot chdy trong cac nha mdy nhiét dién (Luong
Nhu Hai, 2020).

Do c¢6 dién tich bé mat l6n, cdu truc x6p, kich thude
hat nho, thanh phan héa hoc da dang, tro bay ngay cang
dugc cac nha khoa hoc quan tam nghién ctiu véi vai tro
la VLHP c6 kha ning hép phu t6t cac chit 6 nhiém
til moi trudng va hiéu qua trong xt ly nudc thai. Co
nhiéu bao cdo nghién ctu st dung tro bay lam VLHP
déloai bo céc ion kim loai doc hai (Marisa Nascimento
et al., 2012), (Dasmahapatra et al., 1996), chat giy 0
nhiém trong khong khi (Anand Srinivasan et al., 1999),
cac hgp chat hitu co va vo co (Jakkapong Sasithorn et
al., 2010), (Haribhau E. et al., 1993) va hap phu thudc
nhuom trong nudc thai (Nityanand Singh Maurya
et al., 2008), (Debabrata Chatterjee et al., 2010). Tuy
nhién, trong tro bay, SiO, va ALLO, thudng ton tai du6i
céc dang tinh thé khac nhau, trong d6 thach anh (SiO,)
va mullite (3A1,0,. 2Si0,) la hai dang ph6 bién va c6
hoat tinh hdp phu khong cao (Bakkali H. et al., 2016).
bé tang cuong kha ning hdp phu cta tro bay, cac
phuong phap bién tinh (xt ly héa hoc, nhiét hodc co
hoc) da dugc ap dung (Z. Sarbak et al., 2002), (Ubolluk
Rattanasaka et al., 2009), (Xiaojing Chen et al., 2018).
Nhém tac gia Z. Sarbak va cong su (Z. Sarbak et al.,
2002) da xu ly bé mat cua tro bay bang cac dung dich
NaOH, NaOH/NH HCO,, EDTA, HCI, nhiam thay d6i
dién tich bé mat, cdu tric x6p va thanh phan hoéa hoc
cua tro bay. Trong tat ca moi truong hop, dién tich bé
madt ctia tro bay da dugc xu ly déu 16n hon so v6i mau
tro bay ban d4u. Xiaojing Chen va cong su da bién tinh
tro bay bang phuong phap nung chay - thuy nhiét véi
NaOH. Két qua nghién ctiu cho thdy, mau TBBT ting
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dién tich bé mit dang ké tti 0,15 m?/g lén 270 m?/g,
dung lugng hap phu cuc dai véi ion NH,*1én dén 139
mg/g (Xiaojing Chen et al., 2018).

So vé6i phuong phédp bién tinh béing axit, bién tinh
tro bay bang kiém cho phép cai thién ddng ké cu truc,
tinh chat bé mat va tang hiéu qua hap phu cta vat liéu
do lién quan dén mot s6 phan ting hdéa hoc.

Thit nhdt, cic hop chét thach anh (SiO,) va mullite
(3A1,0,. 25i0,) trong tro bay cé thé phan ting véi kiém
dé tao ra cac hgp chat hoa tan:

SiO, + 2NaOH - Na SiO, + H,O

3A10,. 28i0, + 10NaOH - 2Na SiO, + 6NaAlO,
+5H,0

Cdc phan ting nay lam gidm lugng SiO, va ALO,,
dan dén su pha hiy cdu tric, lam tang tinh x6p va dién
tich bé mdt ctia tro bay. Cac 16 x6p méi dugc hinh thanh
giup gia tang kha ndng hap phu cta tro bay (Bakkali H.
etal., 2016), (Tifa Paramitha, 2020).

So v6i phuong phap bién tinh nhiét thuy phan,
phuong phap nung chay - thiy nhiét v6i NaOH ran
dugc thuc hién & nhiét dd cao hon (550 - 600 °C), vi
vay c6 kha nang phd huy ciu trdc tinh thé caa thach
anh va mullite trong tro bay, gidi phong SiO, va ALO,
hoat dong. Cac chit nay phan ting v6i NaOH va tao ra
aluminosilicat v dinh hinh, nhiing tién chat nay sau d6
tai t6 hgp dé€ hinh thanh céc cdu truc aluminosilicat ba
chiéu (dugc goi la geopolymer) 1én bé mit hat tro bay
trong giai doan thuy nhiét. Hon niia, qua trinh nung
chay & nhiét do cao co6 théloai bo tap chét hitu co trong
tro bay va cac-bon vo dinh hinh, do d6 cai thién d¢ tinh
khiét cta nguyén liéu tho. Qua trinh nung chay con
cung cdp mot lugng NaOH cho qua trinh thuy nhiét
tiép theo 16n hon nhiéu so véi phuong phap thuy phan
trong dung dich NaOH. Cac yéu t6 nay lam ting hiéu
sudt, chat lugng ctia geopolymer tao thanh, vi vay tang
dung lugng hép phu cta tro bay so v6i phuong phap
nhiét thuy phén trong dung dich NaOH (Minghua
Wang et al., 2019), (Vegere K. et al., 2020).

Thii hai, kiém c6 thé tao ra cac nhom hydroxyl
(-OH) trén bé mit cua tro bay va caic nhom -OH nay
c6 kha nédng tuong tac véi cac chat can hdp phu. Qua
trinh nay gidp tang kha nang hip phu cua tro bay doi
v6i nhiing phén tl ¢ tinh acid hoac ion duong:

R-OH (trén bé mit) > R-OH," (trong moi trudng
kiém)

Phan tich ph6 hong ngoai bién déi Fourier (FTIR)
da chi ra sy tao thanh cac lién két O-H cua silanol (Si-
OH) trén bé mat hat tro bay thong qua cac dinh hap
thu & cung 3.400 - 3.500 cm™ (Khoa Dang Nguyen et
al., 2022).

O Viét Nam, cic nghién ctiu ting dung TBBT con
han ché, chi bao gom mot s6 nghién ctiu nhu: Banh
gid kha nang hdp phu Cu?* trong nudc thai xi ma bang



TBBT (Lu Thi Yén va cong su, 2020); bién tinh tro bay
Pha Lai v6i Polyme chtic ning d€ ting dung lugng hap
phu crom trong xt ly nudc thai (Tran Minh Huyén,
2012); nghién ctiu tro, xi than va geopolymer goc xi
lam chat hap phu xt ly xanh methylen trong nudc
thai (Khoa Dang Nguyen et al., 2022). Hién tai chua
c6 nghién ctiu nao vé kha nang hdp phu MB bang tro
TBBT theo phuong phap nung chay - thay nhiét véi
NaOH ran. Chinh vi thé nghién ctiu nay la cin thiét vi
két qua nghién ctiu 1a co sé ting dung TBBT trong xu ly
nudc thai mau c6 chita MB.

2. Phuong phap thuc nghiém
2.1. Thiét bi, dung cy va héa chit
2.1.1. Thiét bj, dung cu
Céc nghién ctiu thuc nghiém dugc thuc hién tai
Phong Thi nghiém moéi trudng - Trudng Pai hoc Cong
nghé Giao thong vén tai. Cac thiét bi, may moc thi
nghiém dugc trinh bay trong Bang 1.

Bang 1: Cic thiét bi thi nghiém

STT | Tén thiétbi| Masan Chiic ning chinh
phdm/Xuit
xu
1 | May trac Tintometer/ | Phan tich cac thanh
quang Phap phan hoa hoc trong
nudc st dung phuong
phap quang phd
2 | Tusdy Memmert/ | S&y mau & nhiét do 20
bic -300°C
3 |Lonung LH 15/14 Gia nhiét dén 1.400°C
pha hay Nabertherm/
mau buc
4 | May doPH | HI2211 Do pH ctia dung dich
Hanna/
Rumania
5 | Canphan | Sartorius/ Can chinh xdc mau (+
tich buc 0,1 mg)
6 |Tuhatkhi |Esco/ Hut khi, hoi héa
doc Singapore- | chét trong phong thi
Indonesia nghiém
7 | May khudy |IKA/DPtc- | Gia nhiét va khudy tu
ti gia nhiét | Trung Quéc
- Malaysia

Ngudn: Phong Thi nghiém méi trucng - Trudng Dai hoc
Cong nghé Giao thong van tdi

2.1.2. Hoa chadt
Cac hoa chat stt dung trong nghién ctiu bao gom:
- Xanh methylen C, H CIN,S

- Natri hidroxit NaOH ran 96%

- Dung dich HCI (36 - 38%)

NGHIEN CUU ‘

Tro bay st dung trong nghién ctu la tro bay cta
Nha may nhiét dién Pha Lai, tinh Hai Duong, da qua
sd tuyén bang cong nghé thai gié phan ly. Mau tro bay
c6 dién tich bé mit 8.169 cm?/cm’, phéan 16n cac hat
6 kich thudc 30 um (chiém 95%). Két qua phéan tich
thanh phan hoéa hoc cia mau tro bay tai Vién Han 1am
khoa hoc va Cong nghé Viét Nam dugc thé hién trong
Bang 2. Theo thanh phén hoéa hoc, tro bay cia Nha
may nhiét dién Pha Lai thudc nhom F theo tiéu chuin
ASTM C618-03 (Lu Thi Yén va cong sy, 2020).

Bang 2: Thanh phan héa hoc ctia tro bay
st dung trong nghién ctiu
(% theo khoi lugng)

SiO, |ALO, [Fe,0,[CaO |MgO |K,O0 |NaO |TiO, [SO, [MKN*

2 3
51,74 | 24,53 | 5,59 (0,81 |1,95 |4,42 |0,11 |0,76 |[0,31 |8,98

(*) Lugng mdt khi nung
Nguén: Lu Thi Yén va cong sy, 2020

2.2. Phuong phdp bién tinh tro bay

Phuong phap bién tinh tro bay dugc thuc hién theo
nghién ctu (Lu Thi Yén va cdng sy, 2020). Quy trinh
bién tinh tro bay dugc tién hanh nhu sau:

St dung tro bay cia Nha may nhiét dién Pha Lai loai
nho min, tron déu hon hgp tro bay va NaOH ran theo
ty 1é 1:1,2 cho vao chén st nung & 600°C trong vong 1
gio va dé ngudi dén nhiét do phong.

Sau khi d€ ngudi hén hgp chit rin dugc nghién,
thém nudc cat véi ty 1¢ 1:5 réi mang di khudy trén may
khudy tui gia nhiét va khudy lién tuc & nhiét do 70°C
trong vong 2 gi¢ d€ tao thanh gel aluminosilicate. Sau
do, hén hgp dugc gia nhiét dén 100°C trong vong 4 gid
dé thuyc hién qua trinh két tinh gel aluminosilicate trén
bé mit hat tro bay.

Dé ngudi hon hop dén nhiét d6 phong, loc, riia sach
san phdm bang nudc cit t6i mdi truong trung tinh,
sdy kho & nhiét d6 105°C va thu dugc mau TBBT. Qua
trinh thuc nghiém bién tinh tro bay dugc thé hién tu
Hinh 1 dén Hinh 6. Mau tro bay thu dugc sau qua trinh
bién tinh dugc thé hién trén Hinh 7.

AHinh 1. Gia nhiét 600°C A Hinh 2. Nghién hon hop
cho hén hop tro bay va NaOH tro bay va NaOH
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TAP cHi

Moi truong

A Hinh 3. Thém nudc cdt vao A Hinh 4. Khudy ti gia nhiét
hén hgp theo ty 1¢ 1:5 va khudy hén hgp t6i 100°C
ti gia nhiét t6i 70°C

A Hinh 5. Qud trinh lpc riia A Hinh 6. Sdy tro bay 105°C
trong ti sdy

tro bay

A Hinh 7. Mdu TBBT s

au khi sdy kho
2.3. Thi nghiém xdc dinh nong do MB
trong dung dich bang phuong phdp quang phé

Pha day dung dich MB véi cac nong do: 0,5 mg/l;
0,75 mg/l; 1 mg/l; 1,5 mg/l; 2 mg/l; 3 mg/l. Po d¢ hap
thu quang cta day dung dich chudn MB & budc song
664 nm bang may tric quang. M6i dung dich do 3 lan
va lay gia tri trung binh.

T s6 liéu do hdp thu quang A do dugc véi cac dung
dich trén, xay dung do6 thi chuidn A - C (MB) béng
chuong trinh excel.

D6 thi duong chudn d€ xdc dinh néng d6 MB trong
dung dich dugc thé hién trén Hinh 8.

Tu két qua dung dudng chudn xidc dinh néng do
MB trong dung dich bang phdn mém excel, thu dugc
phuong trinh dudng chuén: y = 0,9827x + 0,0452 v6i hé
s0 R? = 0,9949. Hé s6 R?thu dugc trong khoang nong do
MB tii 0,5 + 3 mg/l 6 gia tri gdn bang 1, chiing to mtic
do pht hgp cao ctia phuong trinh héi quy tuyén tinh
thu dugc. Diéu nay dam bao cac két qua thu dugc trong
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¥ =0.9827x+0.0452
3 R*=0.9949  _.®

D¢ héip thy quang A

0 0.5 1 1.5 2 25 3 3.3

Néng 46 MB (mg/l)

A Hinh 8. D6 thi dudng chudn dé xdc dinh nong dé
xanh methylen trong dung dich

qua trinh xdc dinh n6ng d6 MB trong nghién ctiu thuc
nghiém cé do chinh xdac cao. Vi phuong trinh duong
chuidn MB c6 d¢ tuyén tinh cao trong khoang néng do
thap tu 0,5 + 3,0 mg/l nén viéc xac dinh cac nong do
MB & khoang gia tri cao hon dugc thuc hién bang cach
pha loang dung dich can do.

2.4. Thinghiém hdp phu MB bdng tro bay bién tinh

2.4.1. Thi nghié¢m nghién ciiu dnh hudng
cua thoi gian téi khd ndang hdp phu MB

a. Hap phu MB bang mau tro bay ban ddu

Lay 7 c6c md dung tich 500 ml, chita 250 ml MB c6
nong do 40 mg/l. Can 1 g tro bay ban dau (chua qua
xt ly) vao mdi cdc, lac trong cac khoang thoi gian khac
nhau la 5 phut, 10 phut, 15 phut, 30 phut, 60 phut, 90
phut, 120 phut. Sau d6 loc bo tro bay bang gidy loc va
giti lai dung dich sau khi loc. Pem dung dich di do do
hép thu quang bang mdy tric quang & budc song 664
nm va xac dinh néng d6 MB con lai dua vao phuong
trinh tuyén tinh ctia d6 thi chudn A - C (MB).

b. Hdp phu MB bang mdu tro bay bién tinh
Tién hanh tuong ty nhu trén doi véi thi nghiém
hép phu MB bang mau tro bay ban d4u, chi khac ¢ chd
VLHP cho vaola 1 g TBBT.

2.4.2. Thi nghiém nghién ciiu dnh hudng ctia pH
téi khd ndng hdp phu MB

T thi nghiém nghién ctiu anh hudng cta thoi gian
t6i kha nang hdp phu MB, xac dinh dugc thoi gian hédp
phu t6i uu.

Lay 5 c6c mé dung tich 500 ml, chtia 250 ml MB
c6 nong do 40 mg/l. Dung dung dich NaOH va dung
dich HCI d€ tao moi trudng c6 néng do pH lan lugt
la: 3,5,7,9, 11. Cho vao méi cc 1 g TBBT, lic trong
khoéang thoi gian dat cin bing hdp phu da xdc dinh &
thi nghiém trén. Sau d6 loc bo tro bay bang gidy loc va
giti lai dung dich sau khi loc. Pem dung dich di do d¢
hép thu quang bang mdy tric quang & budc song 664
nm (c6 thé pha lodng trudc khi do néu can). Xac dinh
nong do MB con lai dya vao phuong trinh tuyén tinh
ctia d6 thi chuin A - C (MB).



2.4.3. Thi nghiém nghién ciiu dnh hudng
ctia nong do MB ban ddu tdi khad nang hdp phu
Lay 7 c6c mo dung tich 500 ml, chtia 250 ml MB
c6 ndng do lan lugt la 40 mg/l, 50 mg/l, 75 mg/l, 100
mg/l, 150 mg/l, 200 mg/l, 250 mg/l. Cho vao moéi coc
1 g TBBT lac trong khoang thoi gian dat can bang hép
phu da xdc dinh & thi nghiém trén. Sau dé loc bd tro
bay bang gidy loc va giti lai dung dich sau khi loc. Pem
dung dich di do d¢ hip thu quang bang mdy tric quang
& budc song 664 nm (c6 thé pha loang trude khi do néu
can). Xac dinh néng do6 MB con lai dua vao phuong
trinh tuyén tinh ctia d6 thi chuin A - C (MB).

2.5. Phuong phdp tinh todn két qud
» Tinh todn dung lugng hdp phu tinh
Néu goi C, va C la nong do6 chat bi hdp phu tai thoi
diém ban dau va thoi diém t; V 1a thé tich dung dich;
m la khoéi lugng VLHP, khi dé dung lugng hap phu (q,
mg/g) dugc xac dinh theo cong thiic:

_ (c,—c).v

m

» Tinh todn hiéu sudt hdp phu

Hiéu sudt hip phu dugc xac dinh theo cdng thuic:

H= M 100%

CO

Trong dé: H 1a hiéu sudt hap phu (%); C_1a nong do
dung dich ban dau (mg/l); C, 1a nong do dung dich &
thoi diém t (mg/1).

3. Két qua nghién ctiu va thao luan

3.1. Anh huéng cia thoi gian tiép xiic

dén kha nang hdp phu xanh methylen

Tién hanh khao sat qua trinh hdp phu theo thoi gian
cua tro bay tho ban dau (TB) va TBBT. VLHP cho vao
véi ty 1é 1g cho 250 ml dung dich MB, nong d¢ ban dau
la 40 mg/1. Két qua xac dinh nong do MB con lai va hiéu
suat hap phu H (%) sau cac khoang thoi gian nhat dinh
dugc trinh bay trong Bang 3 va Hinh 9, Hinh 10.

NGHIEN CUU ‘
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A Hinh 9. Két qud khdo sdt dnh hudng ciia thoi gian
dén hiéu sudt hdp phu MB bdng tro bay
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A Hinh 10. Két qud khdo sdt dnh hudéng ciia thoi gian
dén dung lugng hdp phu MB bdng tro bay

Két qua cho thiy, mau TB th6 ban dau c6 kha nang
hap phu MB trong dung dich, tuy nhién hiéu sudt hap
phu khong cao, khoang 30% - 58%. Hiéu suat hap phu
tang dan theo thoi gian hdp phu ti 5 - 120 phut. Tu
phut 90, hiéu sudt hdp phu gan nhu 6n dinh cho t6i 120
phut va dat gan 58%. Dung lugng hdp phu MB ciing
tang dan theo theo thai gian, tli 2,96 mg/g t6i 5,76 mg/g
(690 phut) va tti phut 90 tré di thi dung lugng gan nhu
On dinh.

Khac v6i mau TB, qua trinh hdp phu MB trén mau
TBBT dién ra kha nhanh va hiéu qua cao, chi sau 5
phut, hiéu suat hap phu da dat 95,4%. Hiéu sudt hap
phu tang khi thaoi gian tiép xuc gitta TBBT va MB tang
1én, tuy nhién ting khong dang ké. Ké tii phut 60 - phut

Bang 3. Két qua khao sat anh huéng clia thoi gian dén kha ning hip phu xanh methylen bang tro bay

Thoi gian | Nong d6 MB Hip phu bang TB Hip phu bang TBBT
(phuit) ban ddu Nong d6 Hiéusuit | Dunglugng | Nong do Hiéu suit | Dunglugng
(mg/1) MBconlai | hép phu hip phu, | MBconlai | hdp phu hép phu,
(mg/1) (%) q (mg/g) (mg/1) (%) q (mg/g)
5 40 28,18 29,55 2,96 1,84 95,40 9,54
10 40 26,75 33,13 3,31 1,49 96,28 9,63
15 40 26,09 34,78 3,48 0,95 97,63 9,76
30 40 25,48 36,30 3,63 0,91 97,73 9,77
60 40 23,97 40,08 4,01 0,76 98,10 9,81
90 40 16,97 57,58 5,76 0,71 98,23 9,82
120 40 16,82 57,95 5,80 0,70 98,25 9,83

Nguodn: Két qua ctia nhom nghién ciiu
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120, hiéu sudt hdp phu gan nhu khong thay déi va hiéu
sudt rat cao, 1én t6i 98,25%. Dung lugng hap phu MB
bang TBBT ciing ting ding ké so v6i mau TB tho ban
dau. Dung lugng hdp phu dat 9,84mg/g & 120 phut.

biéu nay dugc giai thich la do qua trinh bién tinh
bing NaOH da c6 tac dung thay d6i hinh thai va lam
tang dién tich bé mat hat tro bay, do d¢, lam tang kha
nang ti€p xdc va kha ning tuong tac cia MB véi cac
tam hdp phu trén bé mat hat tro bay, dan dén viéc
tang hiéu sudt hdp phu so v6i mau TB tho ban dau
(Sarbak Z. et al., 2002), (Xiaojing Chen et al., 2018),
(Lu Thi Yén va cong su, 2020). Vi vdy, cac thi nghiém
tiép theo chi tién hanh khéo sat qua trinh hap phu MB
trén TBBT.

Dua vao két qua khao sat anh hudng cua thoi gian
tiép xuc dén hiéu sult xtt 1y, c6 thé xac dinh thai gian
quaé trinh hdp phu dat trang thai can béng la khoang
90 phut. Két qua nay tuong tu véi nghién ctiu hdp phu
Cu?* trén mau TBBT bdng phuong phdp nung chay -
thy nhiét (Lu Thi Yén va cong su, 2020) va bang %
thoi gian hdp phu MB trén mau tro, xi than bién tinh
bing dung dich NaOH/Na SiO, & 60°C trong 24h
(Khoa Dang Nguyen va cdng su, 2022). Diéu nay c6 y
nghia trong thuc té€ vi rut ngin thoi gian xt ly nude thai
6 cong doan hap phu.

Cac thi nghiém ti€p theo dugc tién hanh véi thoi
gian hap phu 90 phut.

3.2. Anh hudng ciia pH dén kha néing hip phu MB

Khao sat anh hudng cta pH dén kha ning hip phu
MB trong dung dich cia mau TBBT dugc thuc hién
v6i cac tham s6: Khoi lugng TBBT la 1 g; thé tich dung
dich MB la 250 ml; néong do MB 14 40 mg/l; thoi gian
hép phu 90 phut. Khoang pH khéo sat tu 3 + 11, bao
gom cac gia tri 3, 5,7, 9, 11. Gia tri pH cua dung dich
dugc diéu chinh bang cach st dung dung dich HCI va
NaOH. Dung dich MB sau khi hdp phu bang TBBT &
cac gia tri pH khac nhau, thé€ hién trong Hinh 11.

Két qua khao sat hiéu suat hdp phu MB trén mau
TBBT theo cac gia tri pH khac nhau ctia dung dich
dugc biéu dién trong Bang 4 va Hinh 12, Hinh 13.

: ST ‘;' S S8
A Hinh 11. Dung dich xanh methylen sau khi hdp phu
bang TBBT & cdc khodng gid tri pH khdc nhau
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Bang 4. Két qua khao sat anh hudng ciia pH dén kha nang
hip phu MB ciaa TBBT

pH | Nongdd | Nongdé | Hiéu sudt Dung
MBban | MBcon | hipphuy, | lugnghip

day, C, lai, C, H (%) phu, q

(mg) | (mg/) (mg/g)
3 40 1,24 96,90 9,69
5 40 1,16 97,10 9,71
7 40 0,59 98,53 9,85
9 40 0,82 97,95 9,80
11 40 2,71 93,23 9,32

Nguon: Két qud ctia nhom nghién ciiu
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A Hinh 13. Anh hudng cia pH t6i dung lugng hdp phy MB
ctia TBBT

Tt két qua Bang 4 cho thdy, hiéu sudt va dung lugng
hap phu MB c6 su thay déi theo pH ctia dung dich.
TBBT hép phu MB t6t nhat 6 moi truong pH = 7 véi
hiéu sudt hdp phu 98,53% va dung lugng hép phu la
9,85 mg/g. Kha nang hdp phu MB tiang dan khi moi
trudng tu axit téi trung tinh va hoi kiém, tuy nhién, khi
pH tang qua cao thi hiéu suit lai gidm chi con 93,23%
(pH = 11). Két qua nay c6 su khac biét véi nghién ctiu
(Lu Thi Yén va cong sy, 2020) khi hiéu sudt hdp phu
Cu?* bang TBBT lai dat hiéu sudt cao nhat 6 pH =6 (H
=95%). Diéu nay la do pH thap, cac nhém chtic trén bé
madt tro bay (nhu nhém hydroxyl-OH) c6 thé bi proton
héa, dan dén bé mat mang dién tich duong, gay luc ddy
tinh dién doi v6i cation MB*, lam giam kha ning hdp



phu. O pH trung tinh, tro bay c6 thé c6 bé mit gin nhu
trung tinh vé dién tich hodc c6 mot s6 vi tri mang dién
tich &m. Sy hép phu cta MB ¢ thé dat miic t6i vu do
can bang gitia cdc luc tinh dién va tuong tdc Vander
Waals. O pH hoi kiém, cdc nhém chiic trén bé mit tro
bay c6 thé bi deproton hoa, dan dén bé mit mang dién
tich am, tao diéu kién thuan lgi cho sy hip phu cation
MB* do lyc hut tinh dién manh hon. Tuy nhién, néu
pH tiép tuc tang cao (pH =11) thi co su canh tranh cta
cac ion OH' ¢6 trong dung dich nén hiéu suat hap phu
lai giam dan.

Mic du pH c6 anh hudng dén hiéu suat hap phu,
nhung khong dang ké va hiéu sudt hiap phu van rit cao
trong khoang pH tii 3 - 11, diéu nay rat cd y nghia trong
thuc té vi c6 thé xt ly hiéu qua ngudén nudc 6 nhiém
mau MB véi cac khoang pH khac nhau.

3.3. Anh huéng ctia néng do MB ban ddu
tdi khd nding hdp phu

Tién hanh khao sat kha nang hap phu MB véi cac
nong do MB ban dau 40 mg/l, 50 mg/l, 75 mg/l, 100
mg/l, 150 mg/l, 200 mg/l, 250 mg/l; lugng TBBT dugc
giti nguyén 1a 1 g, thé tich dung dich MB la 250 ml; pH
= 7 va thoi gian hap phu la 90 phut. Két qua khao sat
dugc xac dinh va trinh bay trong Bang 5 va Hinh 14,
Hinh 15.

Tu Bang 5 cho thay, khi nong do MB ting thi hié¢u
sudt hap phu gidm. Vi truong hgp nong do thap, C =
40 mg/l, hiéu suat hap phu dat téi 98,53%, nhung khi
tang nong do dung dich MB 1én 250 mg/1 thi hiéu suit
giam chi con 26,42%, trong khi d6, gid tri dung lugng
hép phu q tang dan theo chiéu tang ctia nong d6 MB.
Tuy nhién, dung lugng hép phu ting tit 9,85 mg/g 1én
16,87 mg/g khi néng do tang tti 40 mg/11én 100 mg/l va
khi tang ti€p nong do MB lén cac gia tri 150 mg/1, 200
mg/l, 250 mg/l, dung lugng hdp phu gian nhu khong
doi. bDiéu nay c6 thé dugc giai thich, khi nong d6 MB

Bang 5. Két qua khao sat anh huéng nong do MB dén kha
nang hdp phu cia TBBT

Khoi Thé Nong | Nong | Hiéu | Dung
lugng tich doMB | do MB | sudt | lugng
tro bay | dung ban | conlai, | hip hip
bién dich dau, C, phu, phu,
tinh, MB, C, (mg/l) | H (%) q
m(g) | V(ml) | (mg/l) (mg/g)
1 250 40 0,59 98,53 9,85
1 250 50 0,96 98,08 12,26
1 250 75 11,01 85,32 16,00
1 250 100 32,53 67,47 16,87
1 250 150 83,64 | 44,24 16,59
1 250 200 133,84 | 33,08 16,54
1 250 250 183,96 | 26,42 16,51

>

Nguon: Két qud ctia nhom nghién ciiu
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A Hinh 14. Anh huéng nong do MB dén hiéu sudt hdp phu
cua TBBT

—
[

16.87 16.59 16.54 16.51

16 16.00

12.26

10 9.85 4

Dung lwong hip phu q (mg/g)

[

0 50 100 150 200 25¢
Nong @ MB ban diu C, (mg/l)
A Hinh 15. Anh hidng ndng do MB dén dung lugng hdp phu
cua TBBT

tang, s6 lugng phan ti MB c6 san d€ tuong tac véi cac
vi tri hdp phu trén bé mat tro bay ciing tang, dan dén su
gia ting ban ddu trong kha nang hap phu. Tuy nhién,
khi tat ca cac vi tri hdp phu trén bé mit tro bay da bj lap
day, qua trinh hdp phu sé dat dén trang thdi can bing,
sau diém nay, viéc taing ndng do MB sé khong lam tang
dang ké lugng MB hép phu.
3.4. M6 hinh ddng nhiét hdp phy MB bing TBBT

Céac mo hinh dang nhiét Langmuir va Freundlich
dugc st dung nhiéu nhét dé giai thich qua trinh hap
phu (Yuan N. et al., 2029).

Phuong trinh h&p phu ding nhiét Langmuir:

4= Qe hay ~= L L ()

1+I<LC q KLqmax C qmax

Trong d6: C la nong d6 can bing cia MB trong
dung dich, mg/l; K, 1a hing s6 hdp phu Langmuir (I/
mg); q_1a dung ligng hdp phu cuc dai (mg/g); q 1a
dung lugng hép phu tai thdi diém can bang (mg/g).

Phuong trinh hdp phu dang nhiét Freundlich:
(2)

1
q=K;C" haylnq =InK + llnC
n

Trong do: q 1a dung lugng hidp phu tai thoi diém
can bang (mg/g); C la nong do ctia MB & thoi diém
can bang, mg/l; K, va 1/n la cic hang s6 hdp phu
Freundlich.
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y=0.0237x + 0.0597 o
0.10 R2=0.9915
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A Hinh 16. Sy phy thudc 1/q vao 1/C theo mé hinh ding
nhiét Langmuir

3.00

y = 0.0806x + 2.4585
R: =0.8126

Lnq
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A Hinh 17. Su phu thudc Inq vao InC theo mé hinh dang
nhiét Freundlich

Bang 6. Gia tri cac hang s6 va hé s6 tuong quan
ctia phuong trinh ddng nhiét Langmuir va Freundlich
d6i voi sy hip phu MB bang TBBT

Mo hinh ding nhiét M0 hinh dang nhiét
Langmuir Freundlich
q.. K, R? n K, R?
16,8 2,5 0,9915 12,4 11,7 0,8126

Nguon: Két qud ctia nhém nghién ciiu

ViK,q_, K, vanlacichings6 nén phuong trinh
(1) va (2) c6 dang duong thang y = ax+b. Biéu dién s6
liéu thuc nghiém su phu thudc cua 1/q vao 1/C theo
phuong trinh Langmuir (phuong trinh 1) va Inq vao
InC theo phuong trinh Freundlich (phuong trinh 2),
tao dugc cac do thi trén Hinh 16 va Hinh 17.

Tu phuong trinh tuyén tinh trén do6 thi Hinh 16
va Hinh 17, tinh dugc gia tri cdc hang s6 trong cac
phuong trinh ddng nhiét (1) va (2) (Béng 6).

Tt s6 liéu Bang 6 cho thdy, gia tri hé s6 tuong quan
R? ctia phuong trinh Langmuir kha cao (bdng 0,9915)
va 16n hon gia tri R* ctia phuong trinh Freundlich.
biéu do chiing t6 su hdp phu MB trén TBBT phu hop
v6i m6 hinh ddng nhiét Langmuir: Sy hdp phu MB
l1én TBBT la su hdp phu don 16p, nang lugng ctia cac
tam hép phu trén bé mat TBBT la dong nhit va cac
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phan ti MB bi hdp phu trén bé mat hat TBBT khong
tuong tac véi nhau. Dung lugng hdp phu t6i da dugc
tinh toan ti phuong trinh ding nhiét Langmuir 1a
16,8 mg/g (Bang 6). Két qua nay ciing kha tuong dong
v6i dung lugng hép phu t6i da Cu?** cua TBBT la 16,4
mg/g trong mot nghién ctiu trudec dé (Lu Thi Yén va
cdng su, 2020).

4. Két luan

Dua vao két qua nghién ctiu thuc nghiém, c6 thé
rut ra két ludn vé kha nang hip phu MB bang TBBT
nhu sau:

1. Tro bay ctia nha may nhiét dién Pha Lai, tinh
Hai Duong sau khi xt ly bién tinh bing NaOH rin
96% & 600°C trong 1 gio c6 kha ning hdp phu MB tét
hon so v6i TB chua bién tinh rat nhiéu.

2. Nghién ctiu dugc mot s6 yéu té anh hudng dén
kha nang hip phu MB bang TBBT theo phuong phap
hép phu tinh cho két qua:

- Thoi gian d€ qua trinh hip phu dat trang thai can
béng la khoéng 90 phut.

- Tai khoang pH tti 3 - 11 déu dat hiéu suat hap
phu cao (trén 93%) va TBBT hdp phu MB t6t nhat &
moi truong pH = 7 (hiéu sudt hap phu 98,53%).

- Hiéu sudt hap phu cao (hon 98%) 6 nong do MB
ban déu la 40 mg/l va 50 mg/l. Khi ting néng d6 MB,
hiéu suit hdp phu giam dan va chi con 26,42% néu
noéng do MB la 250 mg/l. Gia tri dung lugng hap phu
tang dan theo chiéu ting dan nong d6 MB, tuy nhién,
dung lugng hdp phu chi ting dén 16,87 mg/g (khi
noéng do MB la 100 mg/1) r6i dan 6n dinh.

3. Su hép phu MB 1én TBBT phu hgp véi mo hinh
dang nhiét Langmuir. Dung lugng hdp phu t6i da
dugc tinh toan tit dudng ding nhiét Langmuir 12 16,8
mg/g.

Nhu vay, két qua nghién ctiu cho thdy, TBBT la
mot loai VLHP ¢6 kha nang hiap phu MB rat tot, co
thé ting dung vao xu ly nudc thai. Tuy nhién, nghién
ctiu nay mdi chi diing lai & qua trinh hdp phu tinh véi
mau dung dich MB pha ché trong phong thi nghiém
va chua c6 thi nghiém hoan nguyén VLHP. Vi viy,
can ti€p tuc nghién ctiu vé qua trinh hap phu dong
trén cot, hoan nguyén VLHP va nghién ctiu trén cac
mau nudc thai mau céng nghiép d€ danh gia dugc
hiéu qua st dung TBBT trong thuc tém
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