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ABSTRACT

In this research, we present a new method for preparation of graphene
from waste zinc carbon battery (ZCB) electrodes using electrochemically
exfoliation via a intercalating of sulfate ions into the graphitic layers at
different D.C. voltages and optimized conditions (i.e, electrolyte
medium and applied voltage). The synthesized graphene was
characterized by X-ray diffraction (XRD), Raman spectroscopy and
Scanning/Transmission electron microcopy (SEM/TEM). The synthesized
graphene has been used as the adsorbents for efficient removal of
methylene blue (MB) as a cationic dye from aqueous solutions to test
their qualities. Results shown that the equilibrium adsorption capacity
(ge) of prepared graphene samples are from 92.32 mg.g™” to 99.73
mg.g” which are extremly higher than that of the pristine waste
graphite electrode (5.03 mg.g™) or powdered waste electrode graphite
(40.05 mg.g™). These obtaned results indicated that the graphene can
be produced from waste graphite electrodes by electrochemical
method, which can be considered as an eco-friendly method not only
for production of quality graphene but also for reuse of waste graphite
electrodes.

Gidi thiéu chung

phuong phap ¢ hiéu qua dé loai bd chédt mau hitu co
noi trén la moét nhiém vu quan trong, trong dé hép

Chat mau hitu co & nhiém trong nudc thai cia moét s&
nganh céng nghiép nhu dét nhuém, gidy, thudc gia,
thuc phdm..1a tac nhan gay © nhiém moi trudng
nghiém trong, anh hudng 16n dén su phét trién bén
viing clia hé sinh thai va con ngudi. Néu khong xu 1y,
ngudn nudc nay sé gay ra cac van dé vé suc khoe
trong do c6 nguy ¢ gay ung thu... Vi vay, tim ra cac

phu dugc xem la mét phuong phap hu hiéu do chi
phi thdp va van hanh linh hoat[1-4]. Gan day, mét
trong nhiing vat liéu hdp phu dugc nhiéu quan tam
cla cac nha khoa hoc va cong nghiép la graphen va
dan xudt cta (gom graphen oxid (GO), graphen oxid
khir (rGO), va composit clia ching) vi ching c6 nhiéu
lgi thé: co dién tich bé mat cao; kha ndng hép phu tét
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rat tét, dac biét vai cac chdt mau hiu cd, ngudn
nguyén liéu dé ché tao doi dao (tU than da, graphit tu
nhién, graphit nhan tao...) va chi phi san xuét thap.
Hién nay, phuong phap chi yéu dé téng hop graphen
va dan xudt cla nd la troc nd hda hoc (chemical
exfoliation) di tU graphit, acid sulfuric dam dac va cac
chét oxi hda manh théng qua quy trinh trdi qua nhiéu
budc phic tap [1,2,4,5]. Gan day, phuong phap dién
héa dugc dé xuét dé ché tao graphen d& thu hat su
quan tdm cla nhiéu phong nghién cltu vi né cho phép
san xuét graphen véi nhiéu uu diém: it cong doan han,
dung it hda chat han, cho phép ché tao graphen co dé
tinh khiét cao, chét lugng tét va cé thé san xuét vdi s6
lugng Ién [5-9]. Tuy nhién, nhugc diém I6n nhét la cac
nghién clu trén déu dung ngudn graphit la cactédm
mang (film) graphit tinh khiét lam dién cuc nén san
phdm thu dudc rat dat tién nén két qua Ung dung con
nhiéu han ché, chu yéu dung trong céc linh vuc dién
tl, nang lugng va cam bién [5,6,8-10].

Dé khéc phuc nhugc diém trén, trong bai bao nay,
ching téi dé xuét sdn xudt graphen bdng phuong
phap dién hda, st dung dién cuc graphit tUr pin kém
cacbon (zinic carbon batteries -ZCB) phé thai lam
ngudn graphit nguyén liéu nén cho phép gidm chi phi
dé san phém graphen c6 gia thanh pht hop lam chat
hép phu. Ngoai ra, viéc tai s dung ngudn graphit phé
thai tir dién cuc ZCB thai cling gdp phan giam thiéu 6
nhiém mai trudng vifa tao ra san pham hitu ich dé ting
dung xtr ly méi truong.

Dé danh gia kha nang hép phu chat mau hitu co cla
cac san phdm graphen, methylen blue (MB) dugc chon
la ch&t mau dé thr nghiém vi MB 1a chat nhuém cation
dién hinh [11,12], dugc s&t dung rdng rai trong cac

Ngudn dién mét chiéu
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Hlnh 1. Cac bUOc ché tao graphen tlr dién cuc pin ZCB phé thai: (A) thu hdi dién cuc tir pin; (
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nganh nhudm vai, da, go, san xudt muc in, dugc phdm
va nhiéu nganh céng nghiép khac.

Thyc nghiém va phuang phap nghién clu
Héa chdt va dung cy, vat liéu

Axit sunfuric (H.SQs), KoSO4, NaOH, MB (Methylen
Blue, CisHisN3SCl) la hda chét tinh khiét. Bién cuc pin
ZCB thu hoi tU cac qua pin thai. Quéa trinh dién phan
thyc hién trén hé chuyén déi DC/AC cla hang
Kendwood (Buc). Qué trinh hdp phu MB cla cac loai
graphen ché tao dudc thuc hién trén hé UV-Vis Agilent
8453.

T6ng hop vdt liéu graphen

Hinh 1 trinh bay quy trinh thu hoi dién cyc cacbon tu
pin k&m cacbon (ZCB) thai sau dé rda sach, séy kho va
bdo quan dé st dung (hinh 1A). Tién hanh lap dat hé
dién phan theo sa dd nhu hinh 1B trong binh 200 mL
dung dich dung dich dién ly néng dé xac dinh; ga hai
thanh graphit lam dién cuc duong (cathode) va dién
cuc am (anode). Ap dong dién maét chiéu lén hai dién
cuc vai dién thé ap vao cé thé diéu chinh. Trong sudt
qua trinh dién phan, dung dich dugc khudy nhe vdi téc
dé khodng 200 vong/phtt (hinh 1C).

Céc thi nghiém dién phan tién hanh trong 2 gid. Dung
dich sau khi dién phan dugc siéu am bang may rung
siéu am roi dem ly tdm @€ thu chét rén, tai phan tan
chét rdn vao nudc cét, situ am va ly tam, 13p lai quéa
trinh dén khi pH=7. Chét rén thu dugc dem sdy & 80 °C
trong 8h rdi nghién min, thu dugc bét graphen (hinh
D).

(D)

8 ‘(I) z
B) Lap dat hé dién hoa; (

thuc dang lam viéc va (D) B6t graphen thu dugc (hinh chen: hinh &nh dién cuc trudc (i) va sau (i) khi dién phan thu graphen

Nghién ctu kha ndng hdp phu chdt mau hitu cd
Methylen Blue (MB)

Dung dich géc MB dugc pha & ndng dé 100 mg/L, sau
dé pha loéng ra cac néng dé khac nhau réi dem do

phé UV-Vis va xac dinh d6 hap thu quang (A) cla cac
dung dich tai budc séng A = 665 nm (Asesam). TU do
xay dung dudng chudn 1& do thi biéu dién méi quan
hé mat dé quang Asssnm VSi ndng dé MB trong dung
dich va dung dé xac dinh ndng d6 MB trong cac méau
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sau khi hdp phu (hinh 5A). Quy trinh hdp phu MB cla
graphen dugc tién hanh nhu sau: can 0,05 g méi loai
mau cho vao 100 ml dung dich MB néng dé 50 mg/L.
Lac déu réi dem siéu am trong vong 5 phut dé phan
tan graphen trong dung dich va dé yén trong 45 phut
dé qué trinh hdp phu xay ra. Sau do, dem ly tdm tach
bo can ran, dung dich thu dugc dua di do Agssnm trén
may do quang UV-Vis va déi chiéu dudng chuén xac
dinh ndng dé MB con lai trong dung dich sau hap phu.

K&t qua va thao luan
Két qua téng hgp graphen

Graphit c6 cdu tric I8p, trong cung mét mat phang (
mét tdm graphen), cac nguyén tu carbon (C) lién két
véi nhau bang lién két cong hoa tri C—C hodc C=C rat
bén, trong khi do lién két gitta cac mat phang (gitta cac
I6p graphit) lai la cac lién két yéu (Van der Waals)[13],
vi thé, 6 thé xen chen céc ion (chd yéu la anion) vao
khoédng tréng gilta cac I6p graphit vdi luc xen chen la
luc dién trusng, khi gitta cac tdm graphit dugc chén
bdi cac anion thi luc tuang tac Van der Waals gita cac
tdm sé& giam, dén khi nao lugng anion xen chén du
nhiéu thi luc Van der Waals khong di dé duy tri lién
5-

két, cac tdm graphen sé tach nhau ra va di vao dung
dich dién ly [5-8,10,14-16]. C6 nhiéu yéu t6 anh hudng
dén qua trinh nay nhu &i luc ctia cac anion vdi cac 16p
graphit, su phu hgp cla kich thudc cla cac anion vdi
khodng cach gilta cac I8p graphit (335 pm), doé linh
ddng clia cac anion trong moi trudng, dd nhdét, pH [5-
8,10,14-16]. Hinh 2A cho thdy ion SO4*" ¢ kha nang
xen chen tt (cac dung dich dién ly ciing ndng dé 0,5
M), trong dé dang acid H,SO4 la t6t nhét, két qua nay
théng nhéat véi nhiéu céng bé trudc day [7,8,16].
Hinh2A cling cling cho thdy cation cling c6 anh
hudng: cation cang bé cho lugng graphen tao thanh
nhiéu han. Hinh 2B cho thay thé &p cang cao cang tao
ra nhiéu san pham graphen, xét vé hiéu suat thi khi E =
6V tdng dén E = 10V hiéu qua tang khong dang ké nén
st dung thich hop la 6-7V. Chéat luong san phém
graphen cling d& dugc phan tich va déanh gia rieng dé
chon thé ap phu hgp (muc 3.3). Nong dé dung dich
dién ly HySO4 cang tang thi hiéu sudt tao graphen
cang tang (hinh 2C) tuy nhién néu néng do acid cao
qué s8 dan dén su xen chén qua nhanh, san phim
khéng phai tdm graphen ma la cac dém graphit nho,
ngoai ra, ndng dé acid qua cao gay kho khan khi rira
san phém, vi thé acid H.SO4 0,5 M dudc chon lam chét
dién ly.
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Hinh 2: C&c yéu t6 anh hudng dén qua trinh téng hdp graphen: (A) Anh hudng clia méi truding dién ly; (B) Anh
hudng ctia thé &p vao va (C) Anh hudng ctia ndng dé chat dién ly H2S04

Bdc trung sdn phdm graphen

PhS XRD clia graphit dién cuc (hinh 3A, dudng a) cho
thay chi co 1 pic nhiéu xa rdt nhon, séc nét, cudng dé
cao & 20 = 26,5° dac trung clia graphit; va c6 quan sét
dugc mét vai peak phu Uing véi goc 20 la 5° va 120 ¢
thé Ung vai céc tap chét/phu gia, tuy nhién cudng dé
rét thdp Ung véi ham lugng khong dang ké, két qua
nay chiing to dé tinh thé cla graphit trong dién cuc
thai rdt cao [3,9,13]. Ph8 XRD cla mau san pham
graphen (G diéu kién E = 6V; 0,5 M H.SO4) (hinh 3A,
dudng b) cho thdy van con peak dac trung clia graphit
& 20 = 26,5° tuy nhién cuong dé thap han, ching té
qué trinh xen chén khéng lam thay déi ciu trdc graphit

trong vat liéu. Bén canh dé co thé quan sat thdy do
réng cla chan peak graphit trong mau graphen san
phdm ma réng ra rat nhidu so vai mau graphit dién
cuc (hinh 3A, hinh chén) ngu y khodng céch gitta cac
I6p graphit da bi m& réng do bi chén cac ion sunfat [5-
7,9,15]. Phé Raman cla graphit dién cuc (hinh 3B,
dudng a) cho thay cé 3 dinh dac trung, gém: (i) dinh D
tai s6 song 1348 cm lién quan dén cac khuyét tat cta
mang tinh thé graphit, cuong dé dinh nay rat yéu
chiing t& mau graphit dién cyc thai it khuyét tat; (ii)
dinh G vdi cudng dé rét manh tai 1572 cm™, pic nay
dac trung cho cdu tric mang tinh thé cla graphit,
cudng do dinh G rdt manh cho thdy mang tinht thé
graphit ¢ céu trdc tét, va (i) dinh 2D tai 2711 cm lién
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quan dén qua trinh phan tan cla cac electron va
photon trong mang, c¢6 cudng dé khé manh cho thay
tinh dan electron trén bé mat cac tdm graphit van rét

tot.
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Hinh 3: (A) Phd XRD va (B) Phd Raman cla: (a) graphit
dién cuc va (b) graphen san pham

Cac két qua nay rét phu hgp véi phé XRD va cling
khdng dinh graphit dién cuc phé thai van co chét
luong rét tét, do tinh khiét, d6 tinh thé cao, cdu tric
tinh thé it bi bién d&i.Trén phS Raman cla graphen
san phdm (hinh 3B, dudng b) van cho thdy ca 3 pic D,
G va 2D xudt hién, tuy nhién c6 su bién déi manh so
véi phé Raman clia graphit & trén dudng a (hinh 3B).
Bang chut y la dinh D kha nhon va r6 rang, cudng doé
dinh D con cao han c& dinh G (hinh 3B, dudng b).
Cudng d6 cac dinh G va 2D déu gidm. CAac tin hiéu nay
dugc gan cho nguyén nhan la do qué trinh dién hoa
da oxi hoa céu tric C-sp? cla graphit va gan cac nhom
chiic phan cuc trén bé mat graphen tU cac lién két mt
ban dau trong mang ludi graphit lam téng sé lugng
lien két C-sp? so vdi lién két C- sp?[7,8,13-15]. Anh SEM
(hinh 4) cho thdy su khac biét vé cdu truc bé mat cla
graphit dién cuc nguyén dang (hinh 4A) va bét nghién
tlr dién cyc (hinh 4B) so vdi san phdm graphen thu
dugc (hinh 4C va hinh 4D). San phdm d& xudt hién cac
tdm vdi muc doé tach rai khac va cho thdy do xép tang
lén déng ké so vdi hinh 4A va hinh 4B, ching té qua
trinh da tach graphit thanh céng ra thanh cac tém
graphen. Graphen ché tao tUf dung dich dién ly H.SO4
(hinh 4D) cho san ph&m tach I&p nhiéu hon so véi chat
dién ly K2SO4 (hinh 4C). C&u trdc tdm graphen c6 thé
quan sat ré trén qua anh SEM & hinh 4D va anh TEM
(hinh 4D, hinh chén).

Hinh 4: Anh SEM cla: (A) dién cuc graphit; (B) bot nghién tir dién cuc graphit; (C) mau ché tao trong dung dich
K2SO4va (D) mau ché tao trong dung dich H2SO4 (hinh chén: &nh TEM clia san pham graphen)
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Khd ndng hdp phu MB cta sdn phdm graphen

Hinh SA trinh bay ph& UV-Vis ctia dung dich MB & cac
ndng dé khac va hinh chen cho thdy quan hé tuyén
tinh gita d6 hép thu & 665nM (Asgsnm) VG ndng do
theo phuong trinh: Asssim(AU) = 0,1558xC(mg.L™") +
0,1187, (1) v&i hé s6 tuong quan kha t6t (R* = 0,978 )
cho phép st dung lam dudng chudn dé xac dinh néng
dé MB trong cac dung dich sau hdp phu. Dung lugng
hip phu MB clia m3u graphen & thai diém t (g ducc

V.(Co — C¢)

tinh theo céng thic: q; = , (mg/q). Trong do:

graphen
gt (Mmg/g) la dung lugng hédp phu tai thai gian t; V la
thé tich dung dich MB da dung (L); Co, Ct (mg/L) la
ndng dé cliia MB ban dau va trong dung dich sau khi
hap phu thdi gian t. Hinh 5B cho thay trong 20 phut
dau kha nang hdp phu MB clia mau la rét t6t, nhung
sau dé cham dan lai va dat bdo hoa sau khoang 30
phut (quan sat thdy g: van tang nhung réat cham sau 40
phat), dieu dé co nghia la qua trinh hdp phu c6 thé
kéo dai. Bieu nay co thé giai thich la do cdu tric cla
graphen khéng chi 1a don tdm ma co thé & dang da
tdm, tham chi & dang cac hat nén van cdu tric cua
chiing cé nhiéu vi mao quan, va qua trinh hp phu vao
c4c vi mao quan nay khé khan nén can nhiéu thai gian

Tuy nhién dé tang nay la rét it nén cé thé khang dinh
la hdp phu MB lén bé mat cac tdm la chd yéu nén thdi
gian hdp phu can bang la 45 phdt. Dung luong hap
phu can bang ge dugc dung dé so sanh kha nang hép
phu cla graphen san phdm va graphit dién cuc
nguyén liéu nhu trén hinh 5C. C6 thé thiy cac mau
graphen ché tao co qge rat cao, la 92,32; 94,72; 99,32 va
99,73 mg/g lan luct Ung vaSi cac mau ché tao & dién
thé 13 E =10V (mau 1); E = 8V (mau 2); E =7V (mau 3)
va E = 6V (mau 4). K&t qua nay cho thdy E = 6 - 7V la
thich hgp nhét dé ché tao graphen co chét lugng cao
va dung lugng ge clia cac mau graphen ché tao dugc
VUGt xa cac chat hap phu truyén théng nhu oxid nhém,
ba che, ba café, chitosan, oxid s&t tU[1,3]. Mau b6t
graphit nghién min tir dién cyc pin (mau 5) thi dung
lugng hap phu MB khéng cao (ge = 40,05 mg/g) con
néu dé nguyén cuc graphit lam chat hdp phu (mau 6)
thi ge chi dat 5,03 mg/g. Cac két qua nay khang dinh
viéc xen chen, tach I8p graphit cta dién cuc graphit
phé thai da tao graphen thanh cong va ching cé thé
su dung truc tiép hodc nhu 1a nguyén liéu dé ché tao
chét hdp phu co &i luc cao vdi chdt mau nén co tiém
nang Ung dung rét t&t lam chat hép phu va chét tang
cuong dung lugng trong ché tao chat hap phu.

haon.
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Hinh 5: (A) Ph& UV- vis clia cac dung dich MB véi cac ndng dé khac nhau (hinh chén: dudng chuén xac dinh ndng
dé cla MB); (B) Budng cong xac dinh dung lugng hép phu MB theo thdi gian cda graphen; va (C) Dung lugng hép
phu can bang methylen blue clia cac mau graphen ché tao (mau 1, 2, 3, va 4) va graphit nguyén liéu (mau 5 va 6)

K&t luén

TU dién cyc than chi ZCB thai, chung t6i da tai st dung
thanh céng dé ché tao ra vét liéu graphen bang
phuong phap dién hda. Cac két qua khédo sat cho that
G moi truong acid, thé ap tir 6-7V cho phép san xuat
graphen cé chét lugng tét. San phdm cé dung luong
hap phu can bang (qe) d6i véi MB rét tét, ¢é trién vong
Ung dung cao lam chat hdp phu hodc phu gia tang
cudng dung lugng cho chét hap phu dé xir ly chat mau
httu co nhiém trong nudc. Trong hudng nghién clu

ti€p theo ching téi s& khao clu kha ndng hép phu cac
ho chit mau anion, nonion cling nhu Ung dung
graphen nay lam phu gia tdng cusng dung lugng t ché
tao chat hdp phu nanocomposite dé hép thu va xi ly
nudc thai chlfa chat mau hitu co.

L& cdm an

Nghién cfu nay dugc tai trg bdi Truong Pai hoc Bach
khoa Ha Néi trong dé tai ma sé T2020-PC-211.
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