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NGHIEN CUU T(A)’N’G HOP GRAPHENE OXIT DANG KHU
VA UNG DUNG HAP PHU Pb?* TRONG DUNG DICH NU'GC

SYNTHESIS OF REDUCED GRAPHENE OXIDE AND ITS APPLICATION FOR THE ADSORPTION

OF Pb** FROM AQUEOUS SOLUTION
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TOM TAT

Trong nghién bai béo, graphene oxit dang khi (rGO) da duoc tong hap thanh
cong tlr bot graphite bang phuang phap Hummer cdi tién. Vit liéu dugc dac trung
béng phé héng ngoai (FT-IR), phd Raman va kinh hién vi dién ti quét (SEM) dé
chiing minh su hinh thanh rGO. Qué trinh hap phu-giai hap nito dugc sit dung dé
xac dinh dién tich bé mat (Brunauer - Emmett - Teller (BET)), d0 x0p va phan bo
mao quan ca vat liéu téng hop dugc. Su hdp phu cda ion Pb** 1én rGO da duoc
khao sat. Dac tinh hap phu va hiéu qua loai bd Pb** cla chat hap phu da dugc xdc
dinh bang cach nghién ciiu anh hudng cta liéu lugng rGO. Dung lugng hap thu
Pb?*t0i da dugc xac dinh la 37,04 (mg/g) khi st dung 0,30g/50mL rGO & pH bang
5, nhiét do 28°C va thai gian tiép xic la 24 gic. M6 hinh Langmuir va Freundlich
da dugc sir dung dé nghién ciu cac dit liéu, nhiing md hinh nay cho thdy cd méi
tuong quan tot.

Tirkhda: Graphene oxit dang khtr (rGO), phuong phdp Hummer, hdp phu, Pb*

ABSTRACT

In the present paper, reduced graphene oxide (rG0) has been synthesized
successfully from graphite powder by modified Hummers method. Material were
characterized by Fourier transform infrared spectroscopy (FT-IR), Raman spectra
and scanning electron microscopy SEM to know the formation of rGO. The nitrogen
adsorption-desorption was used for determination of surface area (Brunauer -
Emmett - Teller (BET)), porosity and capillary distributionof the fabricated
material. The adsorption of Pb?* ion on rGO was investigated. The adsorption
characteristic and Pb?* removal efficiency of the adsorbent have been determined
by investigating the influence of operating variables such as dosage of rGO. The
maximum Pb** sorption capacity was found to be 37.04 (mg/g) and obtained
using 0.309/50mL rGO when pH equals 5, a temperature of 28°C, and contact time
as 24 hours. The Langmuir and Freundlich models were used to fit the
experimental data and these showed good correlations.
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1.MG PAU

Nudc la nguén tai nguyén voé cling quan trong déi véi
con ngudi cing nhu bat ky sinh vat nao trén trai dat. Nén
viéc kiém soat & nhiém ngudn nudc la mét trong nhimng van
dé quan trong va thach thiic hang dau trong xa hdi clia chiing
ta [1]. Qua trinh céng nghiép hoa la nhan t6 gép phan taora
céc tac dung phu véi nhiing chat tén du nhu kim loai nang,
thudc nhudm va chat tdy trdng hiiu co nén sé gay 6 nhiém
moi trudng va ngudn nudc. Viéc tiéu thu phai kim loai nang
théng qua nudc udng cé thé gay anh hudng nghiém trong
dén suc khode con ngudi [2]. lon chi (Pb?*) thudng ton tai
trong nudc thai cong nghiép, ndbng nghiép va nudc ri clia rac
thai tir cac bai chon 1ap véi ndng d6 tuong ddi cao [3]. G
néng d6 cao Pb?* hoan toan cé hai cho con ngudi va sinh
vat, bdi cac van dé stic khde phé bién nhu budn nén, co giat,
hon mé, suy than, ung thu va cac tac dong kho ludng déi vai
qua trinh trao d6i chat [4]. Do d6, viéc phat trién cac vat liéu
mai dé€ loai bd Pb? ra khdi dung dich nudc mét cach thich
hagp rat ¢ y nghia déi véi siic khoé con ngudi va méi trudng.
Mét s6 phuong phap nhu két tta héa hoc [5], trao déi ion [6],
chiét dung méi [7], loc mang [8], thdm thau ngugc [9] va hap
phu [10, 11] da dugc st dung dé loai bd kim loai nang tu
dung dich nudc. Trong sé cac phuong phap nay, thi hap phu
dang dugc danh gia la hiéu qua va mang lai kinh té cao, nh&
tinh don gian va diéu kién van hanh dé dang [12]. Graphene
oxitdang khr (rGO) Ia mot vat liéu rat hap dan dé hap phu kim
loai nang tir nudc bi 6 nhiém, do dién tich bé mat 16n, ai luc
h&p phu va dé 6n dinh héa hoc cao [13]. rGO dugc diéu ché
bang céch U nhiét hoac tién hanh loai bdo mot s6 nhém chic
chia oxy trén bé mat clia graphene oxide (GO). Qua trinh
tién hanh nhu vay dugc goi la qué trinh khir GO, sdn phdm
clia qua trinh khtr dugc goi la graphene oxide dang khu
(Reduced Graphene Oxide - rGO) [14]. Bén canh d6, phuong
phép phé bién va hiéu qua nhat dé san xuat vat liéu rGO quy
md I4n 1a qué trinh oxy héa cla graphite, ma dién hinh I3
phuong phap Brodie-Staudenmaier-Hofmann dua trén KCIO;
[15] va phuang phap Hummers dua trén KMnO4[16]. So véi
cac phuong phap dua trén KClOs, thi uu diém clia phuong
phap Hummers la thai gian phan ting ngdn va nguy ca chay
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né it hon [16, 17]. Vi vay, trong bai bao nay ching téi dé cap
dén cac két qua nghién ctu sy hap phu Pb? trong dung dich
nudc trén vat liéu rGO dugc téng hop tir graphite bang
phuong hap Hummers.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chat va thiét bi

Cac hoa chat st dung trong nghién cutu la cac hoa chat
tinh khiét dugc mua tir Haing Merck, Buc gém: Graphite, acid
ascorbic (CgHsOa), NaOH, Pb(NO3)2, HNO3; con HzSO4, H3PO4,
HCl, H,0,, C;HsOH, KMnO,4 dugc mua tU Hang Guangzhou,
Trung Quéc. Nudc cét hai 1an (cat trén thiét bi cat nudc
Fistream Cyclon, England) dugc si dung dé pha ché hoa
chat va trang, rlfa cac dung cu thay tinh. Coc thuy tinh chiu
nhiét 100mL, 200mL, 500mL, micropipet cac loai, can phan
tich, may khudy tu gia nhiét.

Vat liéu téng hgp dugc nghién cliu bang cac phucng
phép hoa ly hién dai nhu: Cau tric clia vat liéu nhan dang
b&i phé héng ngoai dugc ghi trén may IR-Prestige-21
(Shimadzu) trong khodng 400 dén 4500cm™". Trudc khi do,
mau dugc nghién va ép vién vai KBr. Hinh thai clia san pham
quan sat bang quét kinh hién vi dién t& (SEM) may JEOL-JSM
5410 LV (Nhat Ban) & 10kV. Dién tich bé mat riéng dugc xac
dinh bang dudng ddng nhiét hap phu - gidi hap nita sirdung
Micromeritics Tristar 3000, nGi cdc mau trudc do da dugc kha
khi & 120°C trong 12 gid, ti€n hanh gia nhiét tir 120 dén
180°C véi thdi gian thay d6i trong khoang 6 - 12 gid.

2.2. Téng hop vat liéu rGO

Graphene oxit dugc téng hop ti bot graphite bang
phuong phap Hummer [16]: Cho 3,0 gam graphit vao hén
hop 120mL H,SO, dam dac va 14,0mL dung dich H;PO, dam
dac, tiép theo thém ti tir 6,09 KMnO,4 vao huyén phu thu
dugc, khudy déu trong 72 git. Thém 6,0mL H,0, lanh (30%)
vao dung dich huyén phu & trén, khudy trong 10 phat. Ly
tam véi téc do 6000 vong/phut, trong 1 gid, & nhiét do
phong dé tach chat rén thu dugc va rira bang dung dich HCI
1,0M. Rtia chat rén thu duoc sau ly tdm bang nudc cat dé loai
bd HCI. Tién hanh sdy khé & nhiét d6 65°C trong 12 gid thu
dugc graphite oxit mau vang nau, sau dé dem nghién min.
Boc tach graphite oxit (0,1g) bang qua trinh siéu 4m trong
100mL nudc cat vai thai gian 1 gid, & tan sé 20kHz thu dugc
dung dich huyén phu graphene oxit. Thém tu tU axit
ascorbic (0,15g) vao huyén phu graphene oxit, khuay tron
hén hop trong 8 gid & nhiét do 50°C dé khu GO. Tach
graphene oxit dang khir (rGO) bang ly tam va tién hanh rira
nhiéu lan bang ethanol, sdy khé & nhiét d6 80 °C trong ta say
véi thai gian 5 gio.

2.3. Kha nang hap phu Pb?* trén vat liéu rGO

Dé khéo sat kha nang hap phu Pb? trén vat liéu rGO,
ching t6i s dung phuong phap hap phu tinh. Cho 50mL
dung dich chira Pb?* v&i néng dé ban dau khac nhau tir 5, 10,
20, 40 va 50mg/L vao c6c binh tam giadc da cé chira 0,30 gam
vat liéu rGO. Qua trinh hap phu dugc tién hanh trong diéu
kién da cong bé trudc day (pH = 5; & nhiét d6 phong khoang
28°C[18], t6c dd khudy la 240rpm, thai gian khudy 24 gid [19]).
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Sau khodng thdi gian 24 gi&, cdc mau dugc loc dé thu lay dich
loc. Néng dé cda ion kim loai trong dung dich loc dugc xac
dinh bang may quang phé hap thu nguyén ti (AA-.7000-
Shimadzu). Tat ca cac thi nghién dugc l3p lai 3 1an va lay két
qua trung binh cong. Ham lugng Pb?* bi hap phu (milligram)
trong moi gram vat liéu dugc xac dinh bang cach st dung
phuong trinh can bang khéi lugng sau day [20]:

(C,—C,)xV
q=—"

m

(1) va hiéu suat hap phu dugc tinh bang céng

(C,-C,)

thic: Ho = e’ %100 (2). Trong d6, q la ham lugng ion

kim loai bi hap phu (mg/g) & trang thai can bang, C, va C. la
nong dé ban dau va néng dé can bang (mg/L) tuong tng. V
13 thé tich dung dich (L) va m la khéi lugng (g) ctia vat liéu hap
phu dugc st dung.
3. KET QUA VA THAO LUAN
3.1. Pac trung vat liéu bang FT-IR va &nh SEM

Phuong phap phd héng ngoai (Fourier Transform
Infrared Spectroscopy, FT-IR) la mét ky thuat thudng dugc
dung dé€ phan tich dinh tinh sy c6 mat cta céc lién két hiu
€O va vb co trong mau vat liéu. Phan tich phé héng ngoai
cho ta xac dinh dugc vi tri cGla cac van phé, cuding d6 va hinh
dang clia van phé. Két qué phan tich bang FT-IR dugc thé
hién trén hinh 1a. Bén canh d6, dé quan sat dugc hinh théai hoc
bé mat cua vat liéu, ching téi tién hanh quét vat liéu rGO qua
anh hién vi dién t& SEM & d6 phéng dai 5pum, két qua hién trén
hinh 1b.
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Hinh 1. Phé FT-IR (a) va dnh SEM (b) clia vét liéu rGO

Qua hinh 1b cho thdy, dinh pic & 3419,79cm™" déc trung
cho su hap phu cuc dai, manh va rong ctia nhom hydroxyl
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(-OH) qua qua trinh oxy hoéa graphit. Trong khi d6, pic dao
doéng tuong déi hep 6 1647,21cm™ dugc cho la do dao dong
kéo dai ctia C=0 trén —COOH cutia cdc nhém chic chia oxy
[21]. Mat khac, pic tai 1570,06cm™ cla lién két déi C=C trong
vong thom cla rGO, con pic dao déng & 1402,25cm™" c6 thé
la lién két COO- clia nhédm carboxyl. Thém vao do, pic xuat
hién kha r6 tai s6 séng 1165,00cm™" minh ching cho su cé
mat ctia nhém epoxyl (C-0-C) ctia san pham rGO [22]. Cudi
cung, chiing ta nhan thdy su c6 mat clla nhém chiic C-H 6 s6
s6ng 609,51cm™. Su ton tai ctia C-H cho thay nhom chic ca
GO bi gidam di khi thém nguyén t& H. Lién két nguyén t
cacbon ciing bi pha vé va hinh thanh nhém chiic OH sau dé
xay ra sy sap x€p lai cau trac [23]. Nhu vay, cé thé néi rang
viéc téng hop rGO theo phuong phap Hummer cai tién c6
san pham hoan toan tuong déng vdi cac nghién ctu da dugc
céng bé trudc day.

Bén canh dé, ti hinh 1b c6 thé thay r6 hinh théi cda vat
lieu khéng giéng nhu chéng tinh thé ma giéng nhu dang
tdm, mém mai va dinh huéng ngau nhién cda rGO. Cac tdm
rGO dan xen vao nhau dé tao ra mét chudi cac séng nhd. Su
hién dién cda luc tiép xdc Van der Wall khién rGO thé hién
cdu trdc nép gdp mang.

3.2. Pac trung cac vat liéu bang két qua Raman
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Hinh 2. Phé Raman clia mau rGO

Hinh 2 trinh bay phd Raman cuta vat liéu rGO da dugc
téng hop & s6 séng 200 - 2000cm". K&t qua cho thdy, cé hai
ché d6 dao dong duoc du doan cho Raman ré rang nhat la
dai D va G, |an lugt dugc hién thi & cac s6 song 1321cm™" va
1589cm™". Céc vi tri dinh cGia phé Raman duoc liét ké, phu
hgp véi cac bao cao trudc dé cho vat liéu gbc graphene [24].
Két qua cho thay khi kich hoat bdi axit ascorbic két hgp véi
siéu am, thi ty Ié cuong do (Io/lg) vat liéu rGO Ia 1,28; cao hon
khi khong st dung siéu am ma Bo Wang va cdng su da céng
bé (1,08) [25]. Tu day cho thay rdng cac lién két trong mang
tinh thé graphit da bi pha v, nén cac dao dong C=C/sp? da
bi suy thoai va trg thanh C-C/sp3, lam tang muc d6 mat trat
tutrong vat liéu [26]. Bén canh do, khi dugc hé trg bang séng
siéu am nén c6 su sap xép lai cta cac phan tir cacbon lam
tang cudng dé cda dai D. Mat khdc, ty 1€ Ip/lg clia cdc dinh D
va G chding minh rang tinh trang réi loan ctia cac nép gap,
canh va 16 chan l6ng. Binh D manh hon dinh G cho thay
mang rGO tao ra cac khiém khuyét vé cau tric trong qua
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trinh khir [24]. K&t qud nay khang dinh thém mot lan nita
hiéu qua ctia qua trinh siéu am tach 16p.
3.3. Dac trung bang phuong phap dang nhiét hap phu -
giai hap phu BET

Kha ndng hap phu bé mat cia vat liéu rGO dugc xac dinh
bang ky thuat dién tich bé mat Brunauer - Emmett - Teller
(BET) st dung cac nghién ctu hap phu/giai hdp N, va phan
b6 mao quan trung binh theo BJH ciing dugc thé hién lan
lugt trong hinh 3a va 3b.
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Hinh 3. Gian d6 hap phu - gidi hap N, (a) va phan bo mao quan (b) cta rGO

Tu dudng déng nhiét hap phu/gidi hap nito cta rGO &
hinh 3, c6 thé thay day la dudng cong ddng nhiét thudc kiéu
IV loai H1 theo phan loai IUPAC. Dién tich bé mat riéng tinh
theo mé hinh BET la 108,8m?2-g™'. Bén canh d4, tur hinh 3b cho
thay, vat liéu cé cdu trdc mao quan trung binh, phan bé
rong, tap trung trong khoang 1,5 dé€n 90nm phu hgp véi
nhan dinh khi quan sat anh SEM va xudt hién cac ving mao
quan Ién ¢6 dinh pic ¢ 25,5nm. Mat khac, dudng kinh mao
quan trung binh nén thé tich 16 tréng khac nhau phu hop
cho qué trinh hdp phu cac phan tir co kich thudc khac nhau.
TU @6, du kién rang dién tich bé mat cao clia rGO thi ¢6 thé
tang cudng cac dac tinh clia xic tac, hap phu tot cacion kim
loai nang [27].
3.4. Kha nang loai b6 Pb** trong nudc ciia rGO

3.4.1. Anh huéng cia liéu lugng chdt hdp phu

Mot trong nhiing théng s6 quan trong nhat dé loai bé
kim loai nhanh chéng va hiéu qua la kich thuéc va lugng
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chat hap phu phai dugc t6i uu héa. Liéu lugng chat hdp phu
la mét thong s6 quan trong trong nghién ctu hap phu viné
quyét dinh kha nang ctia chat hap phu d6i véi mot néng dé
ban dau nhat dinh ctia dung dich chi. Do d6, ching t6i khao
sat anh hudng cda khéi lugng vat liéu rGO dén phan tram
Pb?* bi hap phu tir méi trudng nudc trong khoang khéi lugng
chathap phula0,10-0,40g9/50mL, 8 nbng dé Pb? 1a 20mg/L,
gid tri pH =5, [18] va nhiét d6 28°C, trong thdi gian 24 gid,
két qua thé hién & hinh 4.
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Hinh 4. Anh hung clia liéu luong t6i hiéu suat hap phu

Tu hinh 4 cho thay, trong khoang 0,10 - 0,25g hiéu suat
hdp phu Pb?* tang tuang déi nhanh (ti 55,7 - 89,6%) va dan
6n dinh (92,7 - 93,5%) trong khodng khéi lugng 0,30 - 0,40g.
Chung téi cho rang, kha nang hap phu gidm la do cac vi tri
con lai da bao hoa trong qua trinh hdp phu. Mat khac, su gia
tdng ty I& phan tram hap phu cla cac ion Pb? nay cé thé la
do su gia tang céc vi tri hap phu vé phia cac ion kim loai va
dién tich bé mat ctia chat hap phu [28]. Tuy nhién, dén mot
gia tri nhat dinh hiéu qua hap phu la cuc dai thi viéc tang liéu
lugng chét hdp phu khéng con y nghia, do vay ching toi
chon liéu lugng chat hap phu 1a 0,30g dé st dung cho
nghién ctu tiép theo.

3.4.2. Mé hinh dang nhiét Langmuir

Mé hinh dudng dadng nhiét Langmuir dugc dung dé danh
gia kha nang hap phu t6i da trén bé mat dan I6p clia vat liéu

rGO, theo phuong trinh: &: ! +L_ce (3). Trong d9,

e Aoo Kl A

ge (Mg/g) la lugng chat tan bi hdp phu tai thoi diém can bing
clia moi thi nghiém, gmax (Mg/g) la lugng chat tan bi hap phu
cuc dai Ung véi trudng hgp tat ca cac tam trén bé mat chat
hap phu da bi chiém, K 1a hang s6 hap phu Langmuir (L/mg),
C. la néng d6 chat bi hap phu trong pha 16ng tai thai diém
can bang (mg/L).

Su tuang thich ctia mé hinh Langmuir thudng dugc danh
gia théng qua hang s6 phan tach khéng thi nguyén R, [29]
nhu phuong trinh: g — 1 (4). Néu: R < 1 thi mé hinh

1+C, K,

tuang thich; R = 0 thi mé hinh tuyén tinh; R, > 1 thi khéng
tuong thich. Va dua vao mé hinh ddng nhiét Langmuir c6
thé xac dinh dugc kha nang hap phu t6i da (qmax) trén bé mat
don 16p cda vat liéu. Nhu vay, bé mat chat hap phu sé dat
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dén diém bao hoa tai dé6 muic hap phu cuc dai dat dugc. Khi
ap dung phuang trinh tuyén tinh ctia mé hinh déng nhiét
Langmuir dugc dua ra bi cdng thiic (3), thi dé thi tuyén tinh
d thu dugc thé hién & hinh 5.

0.100 y= (0‘027 + 0,004)X + (0,077 + 0,002) -

R2=0,975

0.095 -
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o o
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Hinh 5. Do thi dudng dang nhiét Langmuir

Tu hinh 5 cho thdy, mé hinh hdp phu dang nhiét
Langmuir mé ta tuong déi chinh xac su hdp phu Pb?* trén
vat liéu rGO théng qua hé s6 xac dinh cia qua trinh hoi quy
I3 R = 0,975. Tu phan tich hoi quy trén ta tinh dugc dung
lugng hdp phu cuc dai va hang s6 hap phu K, cta Pb?*. Sau
khi xac dinh dugc hdng s hap phu K., dé xac dinh qua trinh
hap phu ion kim loai trén vat liéu rGO c6 phu hgp véi dang
hdp phu don I6p theo mo6 ta cia md hinh Langmuir hay
khong, tham s6 can bang R, dugc tinh toan va phan tich
dua trén cong thic (4) thu dugc két qua thé hién nhu trong
bang 1.

Bang 1. Cac thong s6 mo hinh Langmuir d6i véi qua trinh hap phu Pb?* trén
rco

Ma hinh Théng s6 Don vi Gia tri
Qmax mg/q 37,04
) K L/mg 0,35
Langmuir
R - 0,975
Ru - 0,054 0,363

Tu két qua & bang 1 cho thay, dit liéu hdp phu phtu hop
v6i mé hinh Langmuir, dung lugng hdp phu cuc dai tinh
theo mo6 hinh nay la 37,04mg/g va gia tri R nam trong
khoang 0 < R.< 1 nén qua trinh hap phu la thuan Igi [20].

3.4.3. Mé hinh ddng nhiét Freundlich

DPang nhiét Freundlich: mé hinh hdp phu déng nhiét
Freundlich dua trén lién quan thuc nghiém hap phu ctia chat
bi hap phu trén bé mat di thé. Phuong trinh Freundlich dang
tuyén tinh dugc dién td qua phuong trinh 5 [30].

Ing, :l.InCe +InK, (5). Trong d6, C. (mg/L) la ndng do tai
n

thai diém can bang va g. (mg/g) la lugng ion kim loai bi hap
phu trén mét don vi khéi lugng vat liéu hap phu. Hang s6 n
la s6 ma trong phuang trinh Freundlich, dac trung cho tinh
khong dong nhat vé nang lugng ctia bé mat hap phu. Hé s6
1/n la hé s6 khéng dong nhat va n 1a sé do dé léch so véi
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tuyén tinh cda sy hdp phu, gia tri ctia né cho biét mdc do
khong tuyén tinh gitta nong d6 dung dich va chat hap phu
nhu sau: néu gia tri cia n = 1 thi sy hap phu la tuyén tinh;
néu n < 1 thi qua trinh hap phu la héa hoc; con néu n > 1 thi
qua trinh hap phu la qua trinh vat ly va thuan lgi [31]. Kr la
hang s6 Freundlich dé chi kha nang hap phu tucng déi clia
céc vat liéu hap phu. D6 thi clia phuong trinh dang nhiét
Freundlich dugc biéu thi trén hinh 6 va cac théng s6 cua
dudng dang nhiét dugc dua ra trong bang 2.

251 y=(0,91+0,02).x + (2,32 + 0,02)

2 _
20 R?=0,999

0.04

-0.5 T T
-3.0 -2.5 -2.0

T T 1

15 10 05 00

LnCe
Hinh 6. D6 thi dudng dang nhiét Freundlich

Bang 2. Cac thong s6 md hinh Freundlich d6i véi qua trinh hdp phu Ph?*
trén rGO

Ma hinh Théng s6 Don vi Gia tri
n 1,104
Freundlich K L/g 10,791
R - 0,999

Tu két qua & bang 2 cho thay, gia tri thu dugc véin > 1
(tc 1/n < 1) cho ta thdy md hinh dang nhiét Freundlich Ia
phu hgp vai qua trinh hap phu cta Pb?* trén vét liéu nano
rGO va hdp phu trong diéu kién bé mat hat khéng déng
nhat. Bén canh d6, hé s6 tuong quan dat dugc tir mo hinh
Freundlich la R=0,999 16n hon hé s6 tuong quan tir moé hinh
Langmuir (R? = 0,975). Diéu nay cho thdy rang mé hinh
Freundlich pht hgp hon véi dit liéu hap phu Pb?* trén vat liéu
rGO.

Qua két qua dung luogng hap phu cuc dai (qma) & trén
(muc 3.4.2), chiing t6i dem so sanh véi mot s6 cong trinh da
dugc cong bé trudc day khi sir dung cac chat khac nhau dé
hap phu ion Pb?*, két qua dugc thé hién & bang 3.

Bang 3. So sanh kha nang hdp phu Pb?* véi mdt s6 nghién ciiu trudc day

Dung Thoi | Tai liéu
. igng Nhigt | 'O |0
11 Chat hap phu héio oh pH (0 gian | tham
ap phu ' (9i®) | khao

(mg/g)
1 | Carbon nanotubes 2341 (50| 25 6 (4]
2 | 160/Fe:0 Magnetic 4800 |50 28 | 12 | 18]

Nanoparticles

3 [ Montmorillonite 10,40 | 60| 25 24 [19]
4 | Goethite 11,04 |60]| 25 24 [19]
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5 G0 6,00 |50 30 2 [32]
6 | Acidified MWCNTs 1744 |50 28 6 [33]
7 |rGO aerogel 58,04 | 5,5 - 2 [34]
8 |GT-rG0 695 |45 30 1,5 [35]
9 Ch|tosap|mmob|llzedon 3255 | 40| 2555 | 24 36]
bentonite
Carbon
10 nanotubes/polypyrrole 2632 60 ) 2 B7)
11 |Vatlieu 160 3704 | 50| 28 | 24 | Nohin
cliu nay

Tu bang 3 cho thdy, kha nang hap phu Pb?* trong dung
dich nudc cla vat lieu rGO ma chdng t6i téng hop dugc
bang phuong phap Hummer la dang chiy so véi cac vat liéu
khac da dugc cong bé trudc day. Do d6, rGO c6 thé 1a mot
vat liéu day hiia hen dugc st dung trong hap phu.

4, KET LUAN

Graphene oxit da dugc téng hop tur bot graphite béng
phuong phap Hummer, sau dé dung axit ascorbic dé khi va
thu dugc graphen oxit dang kh{r rGO. Cdu trdc hdéa hoc va
hinh thai cda vat liéu da dugc xac nhan théng qua phan tan
nang lugng bang quét kinh hién vi dién ti (SEM) va dic tinh
nhiéu xa tia X (XRD). Két qua BET cho thdy vat c6 cau tric
mao quan trung binh, phan bé rong va dién tich bé mat
Seer = 108,8m?/g. Vat liéu rGO nay da dugc nghién cliu dé
hdp phu Pb? trong dung dich nudc. Két qua cho thdy, qua
trinh hdp phu cutia ion Pb? trén vat liéu rGO téng hop dugc
tuan theo ca hai mé hinh hdp phu déng nhiét 1a Freundlich
va Langmuir. lon Pb?* hap phu don I6p trén vat liéu véi bé
mat hat khong déng nhat va qua trinh hap phu la hap phu
vat ly.
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