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Removal of methyl red from aqueous solution using activated carbon derived
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Tém tit

Trong nghién ctru ndy, vo cdy keo lai (Acacia Hybrid) dwoc dung lam tién chit dé diéu ché than hoat tinh (ACT) thong
qua hoat hoa hoa hoc, bé’mg cach st dung KOH. Hinh thai, cAu trac va do tinh khiét cua vat liéu ACT dugc phan tich dya
trén kinh hién vi dién tir quét (SEM), phé Raman va quang phd tan xa nang lugng tia X (EDX). Than hoat tinh da duoc
chuén bi dé loai bo thuéc nhuom MR ra khoi dung dich nude. Dit liéu hap phu duge mo hinh héa bang mé hinh Langmuir
va Freundlich. Kha nang hap phu thudc nhugm don 16p, dung lwong hip phu cuc dai (qmax) & pH bang 7, nhiét do 25°C
va thoi gian tiép xtic 1a 24 gid dugc tim thdy 1a 429,9 mg/g. Vi vo cdy keo lai 1a mgt chat thai ran 1am nghiép, duoc sir
dung trong nghién ciru nay, ¢ san tai dia phuong, nén qua trinh hap phu duge ky vong c6 hiéu qua kinh té dé xir Iy nuéc.

Tir khéa: Than hoat tinh; vo cdy keo lai (Acacia Hybrid); hip phu; methyl do.

Abstract

In this study, Acacia Hybrid bark was used as a precursor to prepare activated carbon (ACT) through chemical
activation, using KOH. The morphology, structure and purity of the ACT materials were analyzed based on scanning
electron microscopy (SEM), Raman spectroscopy and energy dispersive X-ray spectroscopy (EDX). Activated carbon
was prepared for the removal of MR dye from aqueous solutions. The data were in good agreement with both Langmuir
and Freundlich isotherms. The maximum monolayer dye adsorption capacity (gmax) at pH 7, a temperature of 25°C, and
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a contact time of 24 hours was found to be 429.9 mg/g. Since Acacia Hybrid bark is a locally available forestry solid
waste, the adsorption process is expected to be a cost-effective solution for water treatment.

Keywords: Activated carbon; Acacia Hybrid tree bark; adsorption; methyl red.

1. Mé dau

Nganh dét nhudém 1a mét trong nhiing nganh
quan trong va c6 tir 1au doi vi né gin lién véi nhu
cau co ban cta loai ngudi 1a may mic. San luong
dét trén thé gidi ngay cang ting cing vdi gia ting
vé chét lugng san phém, da dang vé miu ma,
mau sac ctia san pham. O Viét Nam, nganh cong
nghiép dét may dang tr¢ thanh mot trong nhiing
nganh miii nhon trong cac nganh cong nghiép do
d6 lugng nude thai can duoc xir 1y triét dé trude
khi thai ra méi truong bén ngoai 1a rat 16n. Thube
nhudm va mot sé chat hitu co 1a nhitng chat gay
6 nhiém chinh cho ngudn nudc. Cac chat giy 6
nhiém nudc thai chu yéu dén tir cac nganh cong
nghiép gém dét may, nhiép anh, in an, son, da,
thudc trir sdu va phan bon. Nhimng chat 6 nhiém
nay gy nguy hiém cho con nguoi, dong vat thity
sinh va vi sinh vat. N6 1a méi de doa ddi véi hé
sinh thai va tac nhan gay ung thu [1]. C6 nhiéu
loai thudc nhudm khac nhau, trong d6 Methyl d6
(Methyl red duoc ky hiéu MR) 1a thudc nhuom
anion duoc (mg dung rong ri trong nhidu nganh
cong nghiép. Tuy nhién, thubc nhuém c6 hai vi
n6 co thé gay kich mg mat, da va kich ung
duong tiéu hoa néu hit phai [2]. Methyl d6 dugc
st dung trong dét nhudm, in giéy va lam chét chi
thi trong chuén d6 acid-base. Viéc thai ra Methyl
do tr cac nganh cong nghi¢p khac nhau gay ra
nhirng anh hudng co6 hai cho con nguoi, thuc vat,
dong vat va moi truong. Néu hit phai no s& gy
tén thwong hé than kinh trung wong, kich ung
duong tiéu hoa, suy than va trim cam nang. O
dong vat, n6 gdy anh huong nghiém trong dén
kha nang sinh san va bao thai [3]. Bén canh d6,
nganh cong nghi¢p dét may la nganh tiéu thu
nudc chu yéu va ching tao ra mot luong mau
vira phai trong nudc thai [4]. Thubc nhudém azo
Methyl d6 (MR) 1a mét trong nhitng chat khong
mong mudn va thuong dugce sir dung dé tao mau

cho soi dét. Nhiéu phuong phap, quy trinh va
vat lidu khac nhau da duoc sir dung dé loai bo
thuc nhuém MR [5]. Hap phu 1a phuong phap
duoc str dung rong rdi dé xur 1y nudc thai cong
nghiép c6 chtra hop chat mau, kim loai ning va
cac tap chét vo co va hitu co khac. Uu diém cua
qué trinh hdp phu 13 van hanh don gian, it ton
kém va cho hiéu qua cao so véi cac qua trinh
khac [6]. Than hoat tinh 1a chat hap phu duoc sir
dung rong rii nhat hién nay, nhung gia than hoat
tinh thuong mai duoc san xuat tir nguyén liéu
than va gS rit cao nén han ché ung dung, dac biét
& nhitng nude thiéu ngudn tai nguyén nay. Do
d6, hién nay than hoat tinh dugc diéu ché tir phé
pham nong nghiép hay 1am nghiép ngay cang
nhan duoc nhiéu su quan tam [7], [8].

Cay keo lai dugc xéc dinh 1a mdt trong nhitng
loai cay trong chu lyc mang lai gié tri kinh té 16n
dbi v6i nganh 1am nghiép ¢ Viét Nam, trong d6
c6 Quang Binh [9]. Song trong qua trinh khai
thac phai tach vo bo lai hodc d6t bo nén gy 6
nhiém dén méi truong. Cho nén, viéc chuyén doi
cac phé thai 1am nghiép nhu vo ciy keo lai dé
tao ra cac vat liéu cacbon la rat thiét thuc. Vi
vay, trong bai bao ndy chung t6i dé cap dén kha
ndng loai bo methyl do trong dung dich nudce
bang than hoat tinh tir v6 céy keo lai.

2. Phwong phap nghién ciru
2.1. Héa chit va thiét bi

Céc hoa chat sir dung trong nghién ctru gom:
Methyl red (C1sH1502N3), HNOs, KOH, va HCI,
CoHsOH, (CH3):NCHO (Guangzhou, Trung
Quéc). Nudce cat hai 1an (cat trén thiét bi cat
nudce Fistream Cyclon, England) dugc sir dung
dé pha ché héa chat va trang, rira cac dung cu
thuy tinh. Céc thay tinh chiu nhiét 100 mL,
200 mL, 250 mL, 500 mL, 1000 mL, cac loai
micropipet, c¢6i chiay ma nio, cdc niken cé nép,
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can phan tich cua hang Ohaus AX224, may
khudy tir gia nhiét Velp Scientifica, may lic tron
Wise Shake Witeg, may siéu am Cole, Parmer
8890, 10 nung SX- 5-12, Kenton va tu say 101-
2AB cua hang SHKT.

Vit liéu tong hop dugc nghién ciru bang cac
phuong phap hoa 1y hién dai, trong d6 hinh thai
ctia san phim quan sat bang quét kinh hién vi
dién tor (SEM) trén may JEOL-JSM 5410 LV
(Nhat) ¢ 10 kV thudc Vién Han lam Khoa hoc
va Cong nghé¢ Viét Nam. Pho Raman cia cac
mau nghién ctru dugc ghi trén may Xplora Plus
(Horiba, Nhat Ban) vi budce song anh sang kich
thich 785 nm, tai Khoa Vat ly, Truong Pai hoc
Su pham, Pai hoc Pa Ning. Va hinh thai, ban do
dién tir nguyén t6 (EDX) duoc do trén kinh hién
vi dién tir quét Hitachi S-4800 FESEM (Nhat
Bén), dugc trang bi tia X phan tdn nang luong tai
Vién Khoa hoc Vit liéu, Vién Khoa hoc va Cong
nghé Viét Nam. Nong do ctia Methyl do trong
dung dich loc dugc x4c dinh bang may quang phd
hap thy phan tor UV-vis (UV-1800, Nhat Bén)
thugc Trung tam Kiém soat Bénh tat, S& Y té
Quang Binh.

2.2. Tong hep than hoat tinh tir vé cdy keo tram

Vo cay keo lai dugc thu thap tor khu vuc ven
viung d0i ndi thudc huyén Quang Ninh, tinh
Quéng Binh va dugc téng hop theo qui trinh da
cong bd [10]. Nguyén liéu duoc rira k§ bing
nudc cat nhiéu lan roi dugce cat thanh timg miéng
bang may bam/cit. Sau ¢6 dem ngam trong dung
dich HNO3 1 M trong 24 gio dé loai bo cac tap
chat. Tiép theo 14 sdy kho trong tu sdy ¢ nhiét do
100 + 5°C trong 24 gio va bdo quan trong binh
hat am dé st dung tiép. Vo keo lai qua xur ly
duoc chuyén sang cdc st chiu nhiét co nip va
nung & 500°C trong mot gid, mau duogc lam
ngudi tur tr & nhi¢t do phong dé thu dugc than vo
keo lai (BIOC). San pham thu duoc 14 tién chét
carbonate, sau d6 duogc nghién min va tron déu
v6i cac KOH theo ti 18 1:1 nhu sau: Tron déu 5g

BIOC v¢i 5g KOH trong chén nung bang cdc sir
chiu nhiét ¢6 nip va nung hdn hop nay & 700 °C
trong hai gio, sau d6 dé ngudi ty nhién dén nhiét
d6 phong, nhim cb ging tdi wu héa qué trinh
cacbon hoa dé thu duoc vat liéu ACT xép. Sau
do, nghién mau cacbon hda thu dugc thanh bot
min va khudy trong 30 phut v6i 50 mL HC1 1 M
trén may khudy tir trude khi rira k§ bang nudc
cat dé loai b6 KOH va HCI khong phan tng.
Chat ran thu duoc sau khi rira va say kho 1a than
hoat tinh tir v6 keo lai va dugc ky hi¢u 1a ACT.

2.3. Kha ning hép phu MR trén vt liéu ACT

Dé khao sat kha niang hap phu methyl do trén
vat liéu ACT, ching t6i sir dung phuong phép
hap phy tinh. Cho 200 mL dung dich chira
Methyl d6 v&i ndng do ban dau khac nhau tir 20,
40, 60, 80 va 100 mg/L vao cbc binh tam giac da
c6 chira 0,05 gam vt lieu ACT. Qua trinh hép
phu duoc tién hanh trong diéu kién di cong bd
trude day (pH = 7.0; toc d6 khudy 1a 240 rpm, &
nhiét do phong khoang 28°C [11], thoi gian
khudy 24 gid). Sau khoang thoi gian 24 gid, cac
mau duoc loc dé thu l'fly dich loc. Néng do cua
Methyl do trong dung dich loc dugc xac dinh
bang méy quang phd hap thu phan tir UV-vis
(Nhat Ban) & budc song 523 nm. Tat ca cac thi
nghiém duoc 1ap lai 3 1an va lay két qua trung
binh cong. Ham lwong Methyl do bi hap phu
(milligram) trong mdi gram vat liéu duoc xac
dinh bang cach str dung phuong trinh (1) va hiéu
qua loai bé MR khoi mau nuéc duge nghién ctru
bang phuong trinh (2) [12]:

q= (G, —-Co)xV 1)
m

Hoo= G =Co) 100 2)
C

Trong d6, q 1a ham luong Methyl do bi hap
phu (mg/g) & trang thai cin bang, Co va Ce 1 néng
d6 ban dau va ndng do can bang (mg/L) tuong
tmg. V 14 thé tich dung dich (L) va m la khdi
lwong (g) cua vat liéu hip phu duoc sir dung.
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3. Két qua va thao luin
3.1. Dac trung cdc vat liéu bc%ng anh SEM

bé quan sat dugc hinh thai hoc bé mat cta vat
liéu sau khi hoat hoa bang KOH véi ty 1¢ khdi

. a

lwong 1:1 & nhiét d6 tir 700°C, ching toi tién
hanh khao sat vat liéu ACT qua anh hién vi dién
tr quét SEM v6i thang do 2 pm va 50 pum, két
qué duoc hién lan luot trong Hinh 1a va 1b.

Hinh 1. Anh SEM ctia vat liéu ACT ¢ cac thang do khac nhau 2 pm (a) va 50 pm (b)

Hinh 1 cho thiy su hién dién cua hinh théi
x6p cao v6i mang ludi két ndi nhin thay rd, kich
thude 16 rdng kha dong déu gidng nhu t6 ong.
Binod Kumar Pandey va cong sy cho rang, khi
hoat hoa bang base manh thi cic ciu triic x6p voi
cic ranh sdu duogc tao ra trén bé mit do su
khuéch tan caa KOH vao céc cdu trac xop cia
cacbon tao ra cac 16 rong [13]. Mit khac, khi cac
16 rdng 16m tao ra dién tich bé mit cao hon tir 46
cho phép than hoat tinh ¢6 kha nang hap phy tbt
hon [14].
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3.2. Diic trung vt ligu bang két qui phé Raman

Phuong phap phd Raman la mot ki thuat
thudng duoc st dung trong vét Iy chat rin va hoa
hoc dé nghién ciru co ché dao dong dic trung ctia
phan tir v nhém nguyén tir trong vat liéu t6 hop,
hoic dao dong tap thé ctia mang tinh thé chat ran
va cung cip kha ning nhan dang vat lidu. Pho
Raman dua trén sy tan xa khong dan hoi cua
photon kich thich trén cac dao dong ciia miu can
phan tich. Két qua phéan tich bang phd Raman
ctia vat lidu ACT-700 di duoc tong hop & sb
s6ng 100 - 2000 cm™ dugc thé hién trén Hinh 2.

° G

0 500

1000 1500 2000

S6 séng/cm-1

Hinh 2. Phd Raman cua vat liéu ACT
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Hinh 2 cho théy ¢6 hai ché do dao dong dugc
du doan cho Raman rd rang nhét 13 dai D va G,
lan lugt duoc hién thi & cac sb song 1348 cm™!
va 1598 cm™!. Céc vi tri dinh ctia phd Raman
duoc 1iét ké, phu hop vdi cac bao cao trude do
cho vat liéu gbc carbon [15]. Dai D 1a thudng
dic trung cho lién két kéo dai ciia cac nguyén tir
carbon bi rdi loan & cac dau phang/mang tinh thé
clia cAu trac than chi va dai G twong tng véi dao
dong Ezq ctia cac nguyén tir carbon lai hoa sp?
trong cac vong va lién két d6i C=C. Két qua cho
thay khi kich hoat béi KOH & nhiét do 700°C
trong 2 gio, thi ty 1€ Ip/lg vat liéu ACT-700 la
1,05 hay khoang cach gitra cac 16p khoang 1,05
nm, cao hon nhém Daouda A va cong sy (0,98)
[16], hay Qiu-Ping Luo va cong su (0,99) [17].
Tir ddy, ta thay ring céc lién két trong mang tinh
thé graphit da bi pha v&, cac dao dong C=C/sp?

da bi suy thoai nén xay ra su dit gdy lién két doi
C=C va dan dén viéc tao ra carbon lai hoa sp°
(C-C/sp®), 1am ting mirc d6 mat trat ty trong vt
lidu [18]. Mit khac, khi dwoc hoat hoa bang
KOH thi dan dén c6 sy sap xép lai ciia cac phan
tir carbon 1am ting cuong do cua dai D. Két qua
nay khang dinh thém mot lan nita hiéu qua cta
qua trinh hoat héa bang KOH khi tong hop than
hoat tinh c6 ngudn gdc tir vo cay keo lai.

3.3. Ddc trung cdc vt liéu bt%ng phé tin xa
nang lwong tia X

Phuong phap quang pho tan xa nang luong tia
X (Energy-dispersive X-ray spectroscopy-EDX)
1a phuong phap dugc sir dung dé phan tich ban
dinh luong cac thanh phan nguyén t6 va do tinh
Khiét cua vat liéu, két qua EDX cta mau ACT
duoc thé hién & trong Hinh 3.

Weight®%  Atomicsh
.55

Hinh 3. Phd EDX ctia miu ACT

Hinh 3 cho thay bé mat ciia mau gém nguyén
t5 C (86,55%), va O (12,56%), cac nguyén tb
con lai 1a Si, K va Cl thi c6 ham lugng khong
dang ké. Piéu nay giai thich tai sao than hoat tinh
c6 kha nang hép phu dugc céc ion kim loai nang
cling nhu dung dich pham nhuom, vi luong
oxygen ton tai nhiéu dudi dang cac nhém chirc
s& 14 cac trung tdm hap phy t6t [19], [20]. Bén
canh d6, ham lugng cua carbon va oxygen cua
chat hap phu ACT duoc quan sat 1an luot 13 82%
va 16%, két qua nay twong ty nhu tong ham
luong carbon va oxygen cua than hoat tinh
thuong mai (CAC) dung dé loai bo kim loai nang
nhu nghién ctru cuia Gutpa va cong su. Trong
nghién ctru cua hg, ham lugng carbon cua chét
hép phu than hoat tinh thuong mai CAC thu

duogc tr phan tich EDX 1a 89%, trong khi ham
lurong oxygen la 10% [21]. Edidiong Asuquo va
cdng su cling da dung than hoat tinh thwong mai
(CGAC) dé hap phu ion Cd(I) tir dung dich
nude. Két qua EDX cho thdy than hoat tinh
thwong mai déu duoc ldy tir cing mot nha san
xudt (Chemviron) c6 ham lugng carbon (89%)
va ham lugng oxygen la 5,5% [22].
3.4. Nghién citu cén bang hip phu Methyl dé
vt lieu ACT

Trong diéu kién cho phép, chung t6i chi
nghién ctru can bang hip phu cia Methyl do trén
vat liéu ACT. Hinh 4 thé hién ph6 UV-Vis va
cac mau sic cia Methyl d6 & cac nong do khac
nhau sau khi str dung vat liéu ACT dé nghién ctiru
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va ndng do con lai ciia Methyl do trong dung
dich duoc xac dinh béng phé UV-Vis & budc

0.30+ Q
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—— 100 mg/L

0.154
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0.104

0.05 1

0.00

300 350 400 450 500 550 600 650 700
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song cuc dai la 523 nm va Kkét qua dugc thé hién
qua Bang 1.

Hinh 4. Ph6 UV-Vis cia Methyl d6 ¢ cac nong do diém thi nghiém khac nhau va sy bién d6i mau sic
cua Methyl d6 sau khi st dung ACT dé hap phu.

(PKTN: m = 0.05g; V =200 mL, thoi gian (t) = 24 gio)

Bang 1. S6 lidu xdy dung dudng chuan xac dinh nong do Methyl d6

STT 1 2 3 4 5

Co (Mg/L) 20 40 60 80 100
Abs (truéc) 0,311 0,583 0,669 0,811 0,895
Abs (sau) 0,063 0,081 0,118 0,181 0,262
Ce (Mg/L) 4,015 5,557 10,583 17,855 29,274

Duya trén s6 liéu Bang 1, hai mo hinh dang
nhiét hai tham s thong dung Langmuir va
Freundlich dugc st dung dé phén tich dit liéu
can bang tai cac ndong do khac nhau.

3.4.1. M6 hinh dang nhiét Langmuir

Mo hinh duong dang nhiét Langmuir duoc
dung dé danh gia kha ning hap phu t6i da trén
bé mat don 16p cua vat liéu Act, theo phuong
trinh (3):

C__ 1 e @

qe - qrmeL qmax

Trong d6, qe (Mg/g) 12 luong chét tan bj hap
phu tai thoi diém céan béng ctia mdi thi nghiém,
Omax (mg/g) 13 lrong chét tan bi hap phu cuc dai
mg v6i truong hop tit ca cac tm trén bé mat
chat hap phu da bi chiém, K 1a hang sb hap phu

Langmuir (L/mg), Ce 12 ndng d6 chit bi hip phu
trong pha 10ng tai thoi diém cin bang (mg/L).
Sy tuong thich cua m6 hinh Langmuir thuong
duogc danh gia thong qua hing sé phan tach
khong thr nguyén Ry [23] nhu phuong trinh (4):

R = 4)
1+C, K,

Néu RL < 1 thi mé hinh tuwong thich; R = 0
thi mo hinh tuyén tinh; R_ > 1 thi khéng tuong
thich. Va dya vao mo hinh ding nhiét Langmuir
c6 thé xac dinh duoc kha ning hap phu téi da
(Qmax) trén bé mit don 16p cta vat liéu. Nhu vy,
bé mat chat hép phu s€ dat dén diém bdo hoa, tai
do6 muc hép phu cuc dai dat dugc. Khi ap dung
phuong trinh tuyén tinh cia mé hinh dang nhiét
Langmuir dugc dua ra boi cong thirc (3) thi d6
thi tuyén tinh da thu duoc thé hién ¢ Hinh 5.
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Hinh 5. D6 thi dwong déng nhiét Langmuir

Hinh 5 cho thay mé hinh hap phu dang nhiét
Langmuir md ta twong dbi chinh xac sy hap phu
MR trén vat liéu acT théng qua hé sé xac dinh
clia qua trinh hdi quy 1a R2=0,801. Tir phan tich
héi quy trén ta tinh duoc dung lugng hap phu cuc
dai va hang s6 hap phu K| ctia MR. Sau khi xac

dinh duoc h?mg s6 hap phu K, dé xac dinh qua
trinh hap phu MR trén vat liéu ACT c¢6 phu hop
v6i dang hip phu don 16p theo mo ta cuia mod
hinh Langmuir hay khong, tham s can bang Ri
duoc tinh toan va phan tich dya trén cong thirc
(4), thu duoc két qua thé hién nhu trong Bang 2.

Bang 2. Cac thong s6 mo hinh Langmuir d6i véi qua trinh hip phu MR trén act

MG hinh Théng s | Pon vi Gié trj
Qmax mg/g 429,9
_ KL L/mg 0,054
Langmuir 2
R - 0,801
RL - 0,156 + 0,481

Két qua & Bang 2 cho thay dir liéu hap phu
phil hop v6i mé hinh Langmuir, dung luong hép
phu cuc dai tinh theo mo hinh nay 1a 476,190
mg/g va gia tri R ndm trong khoang 0 < R < 1
nén qua trinh hap phu 14 thuan loi [12].

3.4.2. Md hink @ang nhiét Freundlich

Mo hinh hép phu dang nhiét Freundlich dya
trén lién quan thyc nghi¢m hép phu cua chét bi
héap phu trén bé mat di thé. Phuong trinh
Freundlich dang tuyén tinh dugc dién ta qua
phuong trinh (5) [24].

Inqe:%.InCeHn Ke (5)

Trong d6, Ce (mg/L) 14 ndng d tai thoi diém
can bang va qe (mg/g) 1a lugng MR bi hap phu

trén mot don vi khoi luong vat li¢u hép phu.
Hing s6 n 1a s mil trong phuong trinh
Freundlich, dic trung cho tinh khong dong nhét
vé nang luong cla bé mat hép phu. H¢ s6 1/n 1a
hé s khong déng nhét va n 1a sd do do 1éch so
v6i tuyén tinh cua sy hdp phu, gi tri cia n6 cho
biét mirc 6 khong tuyén tinh gitra ndng d6 dung
dich va chat hap phu nhu sau: néu gia tri cia
n = 1 thi sy hip phu 1a tuyén tinh; néu n < 1 thi
qua trinh hép phu 14 hoa hoc; con néun > 1 thi
qua trinh hap phu 13 qua trinh vat Iy va thuan loi
[25]. KF 1a hing s6 Freundlich dé chi kha ning
hap phu tuong ddi cia cac vat liéu hip phu. Db
thi ctia phuong trinh dang nhiét Freundlich duoc
biéu thi trén Hinh 6 va céc thong sb cia duong
dang nhiét duoc dua ra trong Béang 3.
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Bang 3. Céc thdng s6 mo hinh Freundlich dbi véi qua trinh hap phu MR trén act

M6 hinh Thong s6 Pon vi Gia tri
n 1,477

Freundlich Kr L/g 33,724
R? - 0,851

Quan sat két qua ¢ Bang 3, gia tri thu duoc
v6in > 1 (tuc 1/n < 1), ta thdy mo hinh dang
nhiét Freundlich 1& phu hop vé&i qua trinh hép
phu ctia MR trén vat liéu ACT va hap phu trong
diéu kién bé mat hat khong déng nhat va cé su
tuong tac manh mé gitta MR voi ACT [26]. Bén
canh do, hé sb tuong quan dat dugc tir mo hinh
Freundlich 1a R? = 0,851 16n hon hé sb tuong
quan tr md hinh Langmuir (R? = 0,801). Diéu
nay cho thdy rang mo hinh Freundlich phu hop

hon véi dit liéu hap phu MR trén vat liéu than
hoat tinh dugc tong hop tir vo cdy keo lai.

Nhimng két qua trén xac nhan qué trinh hép
phu don 16p x4y ra va su tdn tai mot bé mat
khong dong nhat ddi véi vat lidu ACT khi hép
phu MR. Chung t6i dem so sanh két qua dung
luong hap phu cuc dai (qmax) ¢ Bang 2 véi mot
sd cong trinh dd duogc cong b trude day khi sir
dung céc chat khac nhau dé hap phu mr, két qua
dugc thé hién & Bang 4.

Béng 4. So sanh kha nang hap phu Methyl d6 véi mot s6 nghién ciru trude day

o pung Nhige | Thei | Tailigu
TT Chat hap phu £ g pH A ror gian tham
hap phy 4 CC) | (ohat) | khao
. (mg/g)
1 TAhan hoat tinh duoc ché bién tir hat 40,5 2 97 100 [11]
cay Annona squmosa
2 | Than hoat tinh tir 14 sa 72,3 2 30 300 [27]
Chitosan bién tinh bang
3 thiosemicarbazide (TSFCS) 17.3 8 25 250 [28]
Fes0.@SiO2@NH->, véi silica vo
4 | dinh hinh tir v6 tréu 813 | 52| 2 120 [29]
Than hoat tinh ¢6 ngudn gdc tir bun
° | thai va than thai 8127\ 4 28 180 [30]
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6 | MIL-53 (Fe) 183.5 4,0 25 120 [31]
7 Tllan h?at tinh c6 nguon goc tir qua 272.3 4.0 30 80 2]
mang cau ’
8 Hat Alginate _he_n két voi 672.7 5 i 180 [32]
Polyethyleneimine
9 | FesOs@MIL- 100(Fe) 686,3 4 25 360 [33]
10 r(]')élag nano carbon nhiéu vach bi oxy 108,7 4 o5 o5 [34]
11 | Than hoat tinh tir hat sau riéng 384,6 6 360 30 [35]
12 | Bot guargum 66,7 3,0 27 60 [36]
13 TAhan }\1o§1t tinh ¢6 nguon goc tir hat 1350 6 o5 360 [37]
cay thi la
14 | Biocarbon thu dugc tir cay thi la 141,0 2 65 480 [38]
15 | Soi vo than cdy chudi 88,5 3 25 50 [39]
16 | Zeolite bién tinh 7,0 47 25 30 [40]
17 | Than hoat tinh thuong mai 30,0 43 25 20 [40]
18 II?(l)gcarbon thu duoc tir chat thai sinh 115.0 73 99 480 [41]
19 | Than hoat tinh tir vé cay keo lai 4299 | 7,0 25 1440 | Nohien
ciu nay

Bang 4 cho thay véi thoi gian hip phu 1a 24 3.5. Co ché hip phu Methyl dé trén vit li¢u
gio (1440 phat), kha niang hap phu mrtrong dung ~ ACT

dich nudce cua vat li¢u than hoat tinh (ACT) ma Hinh 7 minh hoa cic twong tac c6 thé c6 giita

c%n’mg t0i tong hop dugc tir vo cay keo lai la kha’i phan tir Methyl d6 va bé mit cua than hoat tinh
tot so vo1 cac vat liéu khég da duogc cong l?é duoc diéu ché tir vo cay keo lai.
trude day. Do do, ACT c6 thé la mét vat liéu day
htra hen dugc s dung hap phu mr trong dung

dich nudec.

=000 P

Luyc hat tinh dlen I+ .H o

Hinh 7. D& xuét co ché hip phu Methyl do trén bé& mit cta than hoat tinh.
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V& co ché hap phu, MR c6 thé lién két theo
tuong tac tinh dién gitta phan tir thuéc hip phu
va bé mit chat hap phu. Kha ning hip phu thu
duogc co thé lién quan dén twong tac tinh dién va
sw hinh thanh lién két hydrogen. Co ché hip phu
MR ciing c6 thé lién quan dén tuong tac -1 va
n-n. Can nhan manh rang kha ning hip phu cua
MR c6 thé bi anh hudng khong chi boi cau triic
ctia thuéc nhudém (MR) ma con béi tinh chat bé
mit cta chat hip phu carbon [38]. Do d6, MR ¢6
thé duoc hép phu thong qua cac co ché khac
nhau nhu sau:

+ Céc tuwong tAc VGi bé mit tich dién duong
hodc 4m cua chat hap phu thong qua lyc hat tinh
dién;

+ Tuong tac n-m lién quan dén cac chat thom
vong duoc tim thay trong ca chat hap phy va chat
bi héap phuy;

+ Lién két hydrogen giita chat hap phu va chat
bi hap phy;

+ Tuong tic gitra mot chat thom vong va
vong phure hop c6 chira céc cap electron tu do.

4. Két lun

Than hoat tinh (ACT) di dugc diéu ché thanh
cong tir phé thai 1am nghiép 1a vo cay keo lai
bang phuong phap hoat hoa véi KOH c6 chi phi
thap. Cau trac héa hoc va hinh thai cua vat liéu
da duoc xac nhan thong qua phd Raman va bang
quét kinh hién vi dién tir (SEM). Két qua EDX
cho thay vat liéu c6 do tinh khiét cao, ham luong
ctia carbon va oxygen ctia chat hap phu ACT
duoc quan sat 1an luot 1a 82% va 16%, két qua
nay twong ty nhu tong ham luong carbon va
oxygen cua than hoat tinh thuong mai (CAC).
Vit liéu ACT sau khi tong hop di duoc nghién
ctru dé hap phu Methyl do trong dung dich nudc.
Két qua cho thay, qua trinh hap phu MR trén vat
liéu ACT téng hop duoc tudn theo ca hai mo
hinh hip phu ding nhiét 1a Langmuir va
Freundlich. Trong d6, phwong trinh hip phu
dang nhiét Freundlich 13 phu hop hon vé6i hé sb

turong quan R? = 0,851. Dung luong hip phu cuc
dai tinh toan dwgc tr mé hinh dang nhiét
Langmuir d6i v6i MR 1a 429,9 mg/g trong 24
gid. Kha ning hip phu cia Methyl d6 c6 thé bi
anh huong khong chi boi cdu trac cia MR ma
con boi tinh chat bé mit ciia chat hap phu
carbon.

Loi cdm on: Téac gia xin chan thanh cdm on
su tai trg cia S¢ Khoa hoc va Cong Nghé tinh
Quéng Binh, theo hgp d@)ng Thuc hién Nhiém vu
Khoa hoc va Cong nghé¢, s6 22 /HD-KHCN ngay
18 thang 9 nam 2023.
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