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Graphene Aerogel (GA) is the lightest material in over the world. This
material has high surface area with many layers of single graphene and
has potential applications for adsorption, catalysis and storage. In this
study, graphene aerogel materials were successfully synthesized by
environmentally friendly hydrothermal methods without the use of
reducing agents and were dryed by supercritical CO; to avoid
secondary environmental pollution. The obtained GA materials were
characterized by Brunauer- Emmett- Teller (BET) surface area
measurements,  scanning  electron  microscopy  (SEM), Raman
spectroscopy. Results showed that with hydrothermal time of 5 hours
and GO concentration of 2,5 mg/mL, GA material has highest surface

area of 941 m?/g and lowest density of 0,0226 g/cm?.

Gidi thiéu chung

Vat lieu graphene aerogel (GA) Ia loai vat liéu chia
cac khung graphen dan I8p, xép chong 1én nhau. GA
c6 cdu truc nhe, x6p vdi cac tinh chat ca ly hda uu
viét, nhu tinh ky nudc, tinh dan dién, tinh &n dinh
nhiét va dién tich bé mat riéng Ién. V&i cac dac tinh
nay, GA dugc Ung dung trong nhiéu linh vuc nhu
chat mang xuc tac [1, 2], chat hdp phu [3-5], vat liéu
luu trlr nang lugng [6]. GA co thé dudgc téng hop tu
phucong phép ngung tu sol — gel cua resorcinol va
formaldehyd (RF) [7], hodc kht graphen oxit (GO) [1].
Di tr tién chdt RF, GA co gia tri dién tich bé mat riéng
dat khoang 596 m?/g trong trudng hgp khong sur
dung chét khi. Trong trudng hgp ¢ st dung thém
chat kha, dién tich bé mat riéng cla GA dat 2230
m?/g [8]. Vd&i tién chdt GO, qué trinh tng hop GA
goém hai giai doan; giai doan sol — gel va giai doan

sdy [9]. Trong giai doan sol — gel, cac chét khir c6 thé
dugc st dung la L- ascorbic [10], etylendiamine [5, 11],
NaHSOs,  NazS, amoniac, HI,  hydroguinone,
hydrazine, borohyrides, axit hydrohalic, ..[12], etylen
glylcol [13, 14], glutathion [15]. Ché&t khi dugc uu tién
st dung la L-ascorbic do dac tinh than thién moi
truang, khéng tao san pham phu [16].

Bén canh phuong phép si dung tac nhan khi, qua
trinh diéu ché GA cling dugc tién hanh bang cach
Ung dung phuang phap thay nhiét, khéng s dung
tac nhan khur [17], dugc danh gia la phuong phap
"xanh", than thién moi truong.

Trong qué trinh diéu ché GA, giai doan sédy co anh
hudng khong nhd dén dé x6p va dién tich bé mat
riéng cla vat liéu. Phuang phéap sdy déng kho, trong
dung méi tert — butanol, cho phép thu dugc GA co
dién tich bé mat riéng dat 722 m?/g [18].
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Bén canh dé, phuang phap sdy siéu tdi han CO, cling
la mdt trong nhitng phucng phap hién dai trong Ung
dung vat liéu dang aerogel [19, 20]. Bay dugc danh gia
la phuong phap “xanh”, than thién mdi truong [21].
Ngoai ra, phucng phap sdy siéu tdi han CO, cho dién
tich bé mat Ién hon so vdi phuong phéap sdy khac.
Phucng phép nay cé thé ngan chan lién két gitta ldng
- hai, pha hiy dugc siic cang bé mat va tranh dugc
hién tuong sap cau tric 16 cua vat liéu [22]. Tuy nhién,
chua cé nghién clu cu thé vé viéc khong st dung chét
khir hoa hoc trong qua trinh téng hop két hap phuong
phép sdy siéu téi han CO» dé téng hop GA.

Bai bao nay trinh bay cac két qua nghién cltu qué trinh
diéu ché GA bang phuaong phap thly nhiét, khong sur
dung tac nhan khit, két hgp véi phuong sdy bang CO.
siéu t&i han.

Thyc nghiém va phuang phap nghién cdu

T6ng hop vt lidu GA

Graphite troc nd, HaSO4 98%, NaNOs, KMnOs, H,0»
30% va HCl 36,5%, Etanol 96% déu c6 ngudn gdbc tu
Merck. Nudc deion dugc san xudt trong phong thi
nghiém.

GO dugc téng hgp bdng phuong phap Hummer cai
tién. Cu thé, 5 g graphite tréc n& va 2,5 g NaNOs dugc
cho vao céc thly tinh, dat trong bé &n nhiét, dam bao
gitr nhiét dé dudi 5°C. Tiép theo, 400 mL H»SO. dugc
thém tUr tU vao hdn hgp trén. Sau khi hdn hop phan
Ung chuyén sang dang huyén phu, tiép tuc thém 15 g
KMnOa4 vao hén hop, gitt nhiét d6 én dinh dudi 5°C
trong sudt qua trinh. Sau khi dung dich chuyén sang
mau xanh luc dam, nang déan nhiét dé I1én 35°C, két
hop khudy trong 2 gid, dén khi hén hop chuyén dan
sang mau vang nau. Thém tu tr 600 mL nudc deion co
nhiét dé 60°C vao hén hop phan Ung, dong thai vai
viéc nang nhiét ctia hén hgp phan Ung 1én 95°C. Duy
tri nhiét dé do trong 2 gid. Thém 100 mL dung dich
H.O2 vao hén hap phan Ung, khudy déu trong vong 15
phat. Sau dé, loc ly tdm, rita bang dung dich HCl 3%
va nudc deion dé lam sach san phdm, trudc khi st
dung nudc deion dé loai bd tap chat cla san pham.

GA dugc téng hgp tit GO: phén tan GO trong nudc
deion bang phucng phéap rung siéu am, véi nong do
[an luct la 1,5 mg/mL; 2,5 mg/mL; 5 mg/mL. Cho 40
mL hén hop GO néu trén vao binh teflon, thé tich 60
ml, d&t trong autoclave. Tién hanh khao sat qua trinh
thiy nhiét & 180°C, trong céc khodng thdi gian khéc
nhau: 3 giG (GA — 3h), 5 gid (GA — 5h) va 15 giG (GA —
15h). Khéi mau hinh try, thu dugc sau qua trinh thay

nhiét, dugc ngam trong etanol 96%, trong thdai gian 24
dén 72 gig, thay mai dung méi sau 24 gid. Sau do,
mau dugc sdy bang phuong phap sdy CO, siéu tdi
han, vai nhiét d6 31°C, ap suét 73,8 bar, trén thiét bi
sdy Helix cia hang Appllied separation.

Cdc phuang phdp ddc trung tinh chdt

Hinh thai cdu tric va tinh chét cla vat liéu dugc dac
trung bang phuong phap Raman, trén thiét bi Horiba
HR 800; phuang phéap hdp phu va gidi hdp phu nitc
BET, trén thiét bi Micromeritics - Tristar Il plus;
phuang phép hién vi dién tir quét SEM, trén thiét bi
Hitachi - S-4800.

Két qua va thao luan

Anh minh hoa tinh chat “siéu nhe” cla vat liéu
graphene aerogel (GA) dudc thé hién trong hinh 1.

Hinh 1: Anh mau vat liéu graphene aerogel

Anh huéng cda thoi gian thiy nhiét

Ké thira nhitng két qua tU tai liéu tham khao, thai gian
thly nhiét dugc khdo sat vai véi nguyén lieu GO, cé
nong doé ¢é dinh, la 5 mg/ml.

Ph& Raman clia GO va GA dugc téng hop & thdi gian
khac nhau dugc thé hién trong hinh 2 va hinh 3.

20000 +

15000 ~

10000 +

Intensity (counts)

5000

N

500 1000 1500 2000 2500 3000 3500 4000
Raman Shift (cm™)

Hinh 2: Phd Raman cla mau nguyén liéu GO

Tl phé Raman cho thdy, hai dam phé dac trung xuét
hién & tan s6 khoang 1400 cm™ (D) va 1600 cm™ (G)
[23], trong dé ti 1€ Ip/lc cla cac mau GA — 3, GA -5 va
GA —15 tuong Ung la 0,996, 1,00 va 0,99 I6n hon so vai
clia mau GO (0,95). Su tang gia tri cla ti 1& Ip/ls dac
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trung cho su kh&t GO trong mién lién két sp? [19] va
phu hop vdi gid thiét cho rang ti 18 Ip/lg thé hién su
tdng cudng kha ndng phuc hdi cla lién két doéi cla
cacbon sp? trong céu tric graphit khi nhém chiic chira
oxi dugc loai bd [24]. Nhu vay, dua vao phd Raman co
thé thay, ba mau GA vdi cac thdi gian thly nhiét khac
nhau da thé hién dudc su loai bd nhdm chiic chia oxi
trong céu tric clia GO.
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Hinh 3: Phé Raman clia cac mau thay nhiét & 3 gids (2);
5 gies (3); 15 giey (1)

Anh huéng ctia thdi gian thiy nhiét dén tinh chat xép
clia vat liéu dugc thé hién trong bang 1va hinh 4.

Bang 1: Anh hudng ctia thdi gian thdy nhiét
(180°C, Néng dé GO: 5 mg/ml, sdy siéu tdi han COp)

Thai Khai Dién tich Kich Thé
gian luong bé mat thudc 16 | tich 16
thy riéng, | riéng BET, | x&p, nm x6p,
nhiét, | g/cm3 m?/g cm’/g
gio
3 0,037 749 n-14 2,6
5 0,035 728 10-12 2,2
15 0,028 785 14 -17 3,5

TU bang 1 nhan thdy cac mau GA diéu ché & cac thdi
gian thdy nhiét khac nhau c6 céu tric xép tuong tu
nhau, vd&i dién tich bé mat riéng BET dao ddng trong
khodng 728 - 785 m?/g, thé tich 16 x8p nam trong
khoang 2,2 - 3,5 cm®/g, khéi lugng riéng nam trong
khoadng 0,028 - 0,037 g/cm?. Kich thudc 16 x6p cla cac
mau lan lugt phan bé trong khoang 11 - 14 nm, 10 - 12
nm, 14 - 17 nm.

Ngoai ra, dudng dang nhiét hap phu va phan bé mao
quan clia cac mau GA téng hop & cac thai gian khac
nhau, trong hinh 4 cho thdy cac mau thu dugc déu co
vong tré dic trung cho vat liéu mao quan trung binh.
Khéng cé su khac biét dang ké vé tinh chat x8p cua

cac mau GA diéu ché & cac thdi gian thly nhiét khac
nhau. Tuy nhién, quan sat san phdm GA co thé thdy &
3 gi¥ mau GA-3 con chlfa nhiéu manh vat liéu rdi rac,
chua dugc gan vai nhau. Khi tang thai gian thuy nhiét
lén 5 giy va 15 gidh, tuong Uing vai cac mau GA — 5h va
GA - 15h, toan b vat liéu da tao thanh mét khaéi, dich
rat trong, khong 1an vat liéu ran. Nhu vay, trong pham
vi nghién ctu, lua chon thdi gian thdy nhiét 5 gid cho
qué trinh téng hop GA la phu hop.
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Hinh 4: Buding dang nhiét hap phu N> va phan bé
mao quan cla GA — 3h (A), GA -5h (B) va GA —15h (C)
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Anh SEM ctia 3 mau GA dugc thé hién trong hinh 5.

Hinh anh SEM clia 3 m3u GA thé hién loai vt liéu chia
nhiéu nép nhan, c6 cac Ip moéng lién két vdi nhau,
dac trung cho céu tric x6p cla GA.

Hinh 5: Anh SEM clia cac mau vat liéu GA — 3h, GA —
5h, GA — 15h

Anh huéng ctia ndng do GO

K&t qua dic trung tinh chét cla hai mau GA, dudc

téng hap tr nguyén liéu GO véi ham luong khac nhau,

dugc thé hién trong bang 2.

Bang 2: Anh hudng ctia ndng dé GO dén cau tric x&p
cla GA

(180 °C - 5 gic, sdy siéu téi han COy)

Nong dé | Khéi Dién tich Kich Thé
GO, luong bé mat, | thudcld | tich 16
mg/mL ri/écnrg,3 /g x6p, x6p,
9 nm cm?/g
1,5 Méau aerogel dang khdi khdong hinh thanh
2,5 0,0226 941 1m-13 2,78

5 0,035 728 10 - 12 2,2

TU bang 2 nhan thdy, mdu GA dugc dieu ché tu
nguyén liéu GO noéng dé 2,5 mg/ml cé ti trong thap
han, mau nhe hon, dién tich bé mat riéng cao hon so
véi mau c6 ndng dé 5 mg/ml. Tuy nhién, khi giam
ndng dé ctia GO xuéng 1,5 mg/ml mau lai khéng co
kh& nang hinh thanh dang khéi do lugng GO qué nho.
Nhu vay, trong pham vi cla nghién clu, ham lugng
GO phu hgp dugc su dung la 2,5 mg/ml.

Pudng dang nhiét hdp phu va phan bd mao quéan cla
mau GA, dugc téng hap véi cac ham lugng GO 2,5
mg/ml, dugc thé hién trong hinh 6, cho thdy mau thu

dugc cé vong tré dac trung cho vat liéu mao quan
trung binh va chita mao quan Ién.
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Hinh 6: Budng dang nhiét hdp phu N va phan b6
mao quan clia mau GA tif ndng do GO 2,5 mg/ml

PhS Raman clia hai mau GA dugc téng hdp vdi ham
luong GO khéc nhau dugc thé hién trong hinh 7.
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Hinh 7: Ph& Raman clia c&c mau: GA — 2,5 (1) GA =5 (2)

Tu két qua Raman (hinh 7) c6 thé théy, ti 1é cudng dé
clia hai pic Ip/ls tuong Ung 1a 0,99 va 1,04 d&i véi mau
GA — 2,5 va mau GA — 5 I6n han so vé&i ctia mau GO
(In/lg = 0,95), chiing t& trong cau trdc cac mau GA cac
nhom chic oxi da dudc loai bo.

Hinh 8: Anh SEM clia cac mau GA vdi ndng do 5
mg/ml va 2,5 mg/ml

C4u tric té vi clia 2 mau GA vdéi ham lugng GO khéc
nhau, dudc thé hién trén hinh 8, cho thay ca hai mau
déu co nép nhan udn lugn vai nhiéu I6p mong lién két
vdi nhau, tao thanh cac mao quén gitia cac I&p, trong
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do6 mau GA-2,5 I8p mdng hon, tao cdu tric x6p hon.
K&t qué nay cling phtu hgp vdi s6 liéu phan tich BET.

K&t luén

Vat liéu aerogal graphene (GA) dudc t6ng hgp thanh
cong bang phuong phap thdy nhiét khéng st dung
chét khit, két hop sdy bang phuong phap CO; siéu téi
han. O diéu kién khdo sat, véi thdi gian thay nhiét 5
gi®s, ndng dé GO 1a 2,5 mg/mL, mau téng hap dudc co
dién tich bé mat riéng 941 m?/g va khdi lugng riéng
0,0226 g/cm?. Béy la mét phuong phap téng hap GA
xanh, than thién v&i méi trudng, khong sir dung tac
nhan khit tranh & nhiém maéi trudng thi cap.

LSi cdm on

Nhom tac gid trén trong cdm on Bo Cong thuong da
cdp kinh phi thuc hién dé tai KHCN ma sé
DTKHCN.103/19, théng qua Hop dong
$6 103.19.DT.BO/HD-KHCN ngay 15 thang 01 nam
2019.KHCN.103/19, théng qua  Hgp  déng
6 103.19.DT.BO/HD-KHCN ngay 15 thédng 01 nam
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