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Tom tat Melamine formaldehyde (MF) Ia loai vét liéu chong chay va
bén v&i dm clia méi trwong. Trong nhitng nam gan day, xop MFdwoc
phat trién dé tao ra vat liéu hap thu dau tw nucc Vi n6 co ty & thé
tich/trong luong cao. Trong nghién ctru nay, xép MF dwoc tao ra béng
chleu xa vi song nhua MF tng hop trong phong thi nghiém. Xop MF cé
cAu tric 16 hé véi dwdng kinh 16 trung binh khoang 350 pm, khéi lwgng
riéng biéu kién khoang 25 kg/m3va do xbp khoang 98%. Xép MF thu
dwoc sau d6 duoc bién tinh bang graphene dé chuyén tinh chét bé
mat tir wa nwéc sang ky, nuée theo phurong phap nhing don gién. Kha
nang hap thu dau ctia xbp MF tdm graphene da duoc khéo sat théng
qua cac chét 1dng hitu co phd bién nhw: benzen, chloroform, dau déng
co' va dau thd. Két qua cho thdy xép MF tdm graphene thé hién kha
nang hap thu cao (15-61 g/g) ddi voi cac chét 16ng hitu co va cao hon
2,2-4,5 1an so v&i vat liéu thwong mai di tiv soi polypropylene.

T khéa - Nhya melamine formaldehyde; xbp MF;graphene; vat
liéu hap thu dau

1. Giéi thi¢u

Béo v€é moi trudng nudc va an toan hé sinh thai la su
ménh cua con ngudi. Cac chét 1ong hiru co bi 1o ri trong
chc su ¢b tran dau, trong cac hoat dong san xuit hay trong
qua trinh vé sinh thiét bi d4, dang va s& khong chi gdy anh
huong nghiém trong dén mai truong nude, kinh t& ma con
anh huong dén strc khoé cta con ngudi do diu c6 thé
thAm siu vao cac mach nudc ngém. Viéc tim kiém cac
bién phap dé co thé xur 1y hiéu qua, thu hdi duoc lwong
dau tir moi truong nude 1a that sy can thiét.

Trong thuc té da c6 nhiéu bién phap khac nhau duogc ap
dung nhu: st dung chét hoat dong bé mdt [1], trich ly co
hoc [2], str dung vi sinh vét phan huy [3] hay dung vét liéu
hap thu dau [4]. Trong sé d6 sir dung cac vat liéu hip thu
dé tach dau ra khoi nude duge cho 1a bién phap hiéu qua
[4], [5]. Rat nhiéu loai vat liéu hap thu dau duoc tap trung
nghién ciru trong nhitng nam gan déy, co thé ké dén nhu:
vt liéu siéu thAm w6t SiO, cAu trac monolithic [6], vat lidu
nanocomposite Fe/C co ciu triic x0p 15 16n [7], vét liéu xop
trén co s¢ carbonnanotube (CNT) hay graphene[8]va cac
vt lidu polymer c6 cdu trac x6p siéu ky nuée [9]. Nhugc
diém cuia vat lidu tao ra tir cac nghién ctru trén la do bén co
1y thap, c4u triic x6p d& bi pha v trong cac giai doan xir Iy
phia sau va gia thanh cao [10], [11].

Céc vat liéu xp trén co s& polymer c6 wu diém 14 ty
1é thé tich trén khéi lugng cao nén co thé chtra mot luong
16n chét 16ng hap thu bén trong ciu triic xdp thuan loi dé
lam vét liéu hap thu. Tuy nhién hdu hét cac loai vat liéu
nay c6 ban chat 1a wa nude. Viéc phi 1én bé mat khung
xOp mot 16p vat liéu ky nude dé chuyén tinh tham uét tir
ua nuée sang ky nudc ciing da dugc nghién ciru [12]-
[14] nhung qué trinh thuc hién thuong phirc tap, tiéu tén
nhiéu dung moi va loai thai nhiéu san pham phu.

Abstract - Melamine formaldehyde (MF) is a kind of fire-retard and
environmentally friendly material. In recent years, this material has been
developed to create sorbent for clean-up of oil spills from water due to
its high volume to weight ratio. Herein, MF foam is produced by
microwave irradiation of MF resin synthesized in the laboratory. The MF
foam has open-cell structure with average pore diameter of 350 um,
density of 25 kg/m™ and porosity of 98%. The obtained MF foam is then
modified by graphene to switch surface property from hydrophilic to
hydrophobic upon a simple dipping method. The oil sorption capacity of
the graphene-coated MF foam is tested by common organic liquids
such as benzene, chloroform, motor oil and crude oil. Results have
indicated that the graphene-coated MF foam exhibits high sorption
capacity (15-61 g/g) for oils and organic solvents, 2.2-4.5 times higher
than that of commercial polypropylene material.
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Trong nghién ctru nay, nhom tac gia tién hanh ché tao
vt liéu hap thu diu trén co s¢ x5p melamine formaldehyde
(MF) duoc bién tinh bé mat bang graphene theo quy trinh
don gian. X6p MF dugc tao ra tir nhya MF tong hop trong
phong thi nghiém. Qua trinh bién tinh dugc thyc hién bing
cach ngam tim vat lidu x0p trong hon hop huyen phu
graphene c6 chita albumine. Vit liéu xp thu duoc thé hién
kha ning tach dau ra khoi nuéc hiéu qua va luong dau hép
thu dugc cao so véi vat li€u thuong mai di tr soi
polypropylene. Vat lieu xdp co6 khung cimg phenol
formaldehyde (PF) va vat liéu x0p co tinh dan hoi
polyurethane (PU) dang thuong mai ciing duoc sir dung dé
lam mau so sanh d4nh gia hiéu qua qua trinh bién tinh.

2. Thwe nghiém
2.1. Héa chit

Melamine (d6 tinh khiét 99%) mua tir hing Merck —
Schuchardt (Ptc), dung dich formaldehyde 37% va NaOH
(Trung Qudc) dugc st dung dé tong hop nhua MF. Axit
dodecybenzenesulfonic (DBSA), hexane va axit formic
(Trung Quéc) duoc st dung trong qua trinh tao x6p MF.
X&p Phenol Formaldehyde (PF) va x&p Polyurethane (PU)
dang thuong mai duoc sir dung 1am mau so sanh danh gia
qua trinh bién tinh. TAm thim dau di tir soi polypropylene
dugc mua tir cac cua hang chuyén dung. Graphene dugc
tao ra tr qua trinh danh si€éu 4m (24h) bt graphite troc nd
ctia hdng Alfa Aesar[15], [16]. Dau thé dugc liy tir mo
Bach Ho, diu nhon thuong mai st dung cho dong co da co
mau do, benzene va chloroform 1a cac loai chét long sir
dung dé khao sat kha nang hap thu cta vét ligu.
2.2. Tao xép MF

Xép MF duoc tao thanh nhd song dién tir cua 10 vi
song. Thanh phin tao xdp gdm c6: DBSA (4% Kl),
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hexane(8% kl) va axit formic (2% kI). Xbp MF tao thanh
dem di say kho va dong ran tiép tuc ¢ 120°C trong 24h.
2.3. Tao xop tim graphene

0,2 g bot graphite duge phén tan trong 200ml nude cat
bang may khudy tir roi tiép tuc siéu am trong 24h. 209 long
tring trimg dugc cho vao hdn hop huyen phu graphene va
déanh siéu am trong 30 phut. Cac mau xop MF, PF, PU c6 kich
thudce 3 x 3 x 4 cm duge nhing chim trong hén hop graphene
cho dén khi hap thu béo hoa, riéng voi xop PU duogc bop nén
nhleu lan de; hén hop graphene d}en day toan bo 7kh01 xp.
Mau dugc say kho ¢ 120°C dén khoi lugng khong doi.
2.4. Xdc dinh d$ xop

Do xdp cua vat lidu x6p dugc tinh toan theo cong thirc sau:

® =V, /Ve x 100%

Véi: Vg thé tich 16 trong trong vat lidu x6p (cmd);
Vi: thé tich toan bo vt liéu xbp (cmd).

Thé tich toan bo vat licu xop (Vi) duogc tinh toan thong
qua cac gia tri do duoc vé chleu dai, chiéu rong va chiéu
cao clia mau. Thé tich 15 trong trong vét liéu xop (Vo)
duogc suy ra tir khoi lwgng nude hap thu bao hoa.

2.5. Khio sdt khd ndng hdp thu dau ciia cdc logi vit liéu xop

Qua trinh hép thu dau chi dugc thuc hién boi su tuong tac
gilra cac chat 16ng va vat liéu hap thu, ma khong cé bat ky mot
luc bén ngoai nao tac dong vao (vi du: vat liéu hap thu khong
bi ép hodc nhan chim dudi bé mét cua chat 16ng). Kha nang
hap thu dau cua vat liéu x0p dugc tinh theo cong thirc sau:

Celg/g) =
eg9/9) = m,

V6i: m,: khéi lugng vat liéu xp tam graphene sau khi
hap thu dau/chat hiru co; m,: khoi lugng vat liéu xop tam
graphene trude khi hap thu.

3. Két qua va thao luin
3.1. Cdc tinh chit dic trung ciia vt ligu xop

Trong 3 loai x6p khao sat, xbp MF tong hop va PF c6
kha ning chiu nhiét cao nhung khong c6 tinh dan hoi trong
khi d6 xdp PU c¢6 tinh dan hdi va mém déo cao nhung lai
kém bén nhiét. Vi ung dung lam vat liu hép thu dau thi
céc dai lugng nhu do x6p, khéi lugng riéng biéu kién, tinh
mém déo hay dan héi 1a nhirng dai lugng cdn dugc quan
tAm ngoai kha niang hat ddu cia chung. Néu mot vat lidu
x0p ¢6 khdi lugng riéng biéu kién cang nho hay do xop
cang 16n thi didu do ching to rang thé tich 15 tréng cua vat
liéu xbp cang 16n va dong nghia v6i d6 la kha nang chira
chit 16ng bén trong cu trac cang nhiéu. Vi ban chit ban
dau cua cac loai vat liéu xbp 1a wa nude nén nudc duoc sit
dung lam dung mo6i cho qua trinh xac dinh do xép cua vat
liéu. Do xép va khéi lugng riéng biéu kién cua céac loai vat
liéu xp nghién ciru duge thé hién trong Bang 1.

Sy phan b6 16 xop va hinh dang 18 x0p dwoc quan st
duéi kinh hién vi dién tir quét (SEM). Két qua dugc thé
hién trén Hinh 1. C6 thé thay rang ca 3 loai xop deu co su
phan bd lo x6p kha dong nhét voi hinh dang t6 ong. L&
x0p ¢ cau trac nira kin (semi-closed-cell), giita cac 16
Xop ¢ Xuét hién mdt mang ngan mong nhung khong bit
hét toan bo 16 xbp. Vi ciu triic ndy chat 1ong van co thé

di vao bén trong cdu triic ciia vat liéu xdp, tuy nhién cac
mang mong nay co thé s& ngan can sy khuéch tan cia cac
tam graphene vao sdu bén trong. Muc d¢ lién thong gitra
cac 16 x6p ciia mau PF kém hon so véi 2 mau con lai.
Bing 1. P x6p va khoi lwong riéng biéu kién cia
cac loai vat liéu xép

Xbp | Do xbp (%) | Khéi lugng riéng biéu kién (g/cm?)
MF 98,3 0,0251

PF 97,5 0,0255

PU 97,8 0,0207

Hinh 1. Anh SEM cua cdc vat lleu x0p 6 cdc do phong dai khac
nhau: (a) MF, (b) PF va (c) PU
Bang phﬁ’n mém Image J duong kinh 16 xbp va chiéu
day khung x0p c6 thé dugc xac dinh tir cac anh SEM. Két
qua thu dugc dugc the hién trong Bang 2.
Bing 2. Puong kinh 16 xop va chiéu,ddy khung x0p ciia
cac logi vt liéu xop

Vit liéu | Puong kinh 16 x5p (um) [Chiéu day khung x6p (um)
MF 350436 3043
PF 390+30 3613
PU 610£82 4845

Xbp MF va PF van giir nguyén cau triic xdp trong qua
trinh nhiét phan ¢ nhiét d¢ cao dudi moi truong khi tro
nhu Hinh 2. Do giam khéi luong cia vat liéu x6p theo
nhiét d6 nung duoc thé hién trén Hinh 3.

Xbp MF va PF van giit nguyén céu trac khi nhiét phan
dudi méi truong khi tro & cac nhiét do khac nhau, diéu
nay cho thdy hai loai x0p nay c6 do bén nhiét rat cao. O
900°C ham lugng carbon con lai van rat cao, khoang 50%.
Pay la dic tinh quan trong néu vat liéu duoc tai st dung
bang phuong phap d6t chay lugng dau hap thu.

s

Hinh 2. Anh ky thudt s6 ciia mc?u trudc va sau khi nung o nhiét
dé 500 °C: (a) xop MF, (b) xop PF
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Hinh 3. B4 giam khéi lwong ciia vit liéu xop theo nhiét dg nung
3.2. Sw phdn bé va khd ning bam ciia graphene trén cdc
khung xép

Sau 1 lan tim huyen phu graphene va sdy kho ta thay
bé mit ngoai cua cic mau x6p c6 mot mau den ddng nhat.
Diéu nay chimg to dd c6 mot lwong graphene du 16n bam
trén khung x6p va chang duoc phan bd ddng déu trén bé
mit phia ngoai. Pé khao sat kha nang khuech tan cua
graphene vao sau bén trong cau trac xop, cdc mau sau khi
tam graphene duoc sdy khd rdi cit lam do6i. B& mat ngoai
va mit cét bén trong duoc ghi lai bang anh k¥ thuat sé va
dugc thé hién trén Hinh 4.

Mat ngoai Bén trong
" -
PF —
N '

Hinh 4. Anh kj thugt so bé mat ngodi va mat. cdt bén trong ciia
cdc méu xop tim gmphene da say khé

Co thé thdy ring voi mau x6p PF hdn hop graphene
kh6 c6 thé tham sdu vao bén trong dé bao phu toan bd
khung x6p. Piéu nay dugc giai thich do mirc do lién
thong kém gilta cac 16 xop va sy can tré mot phan boi
mang mong nam gilra cac 16 x6p. Vi mirc do lién thong
tot hon, graphene thAm sdu va bao phu hdu nhu toan bo
chu trac xop MF. Méc di mang ngan gilra cac 10 x6p
trong mau PU 1a kha rd rang, tuy nhién do tinh mém déo
va kha ning dan hdi cao nén hdn hop graphene c6 thé di

sdu vao trong khéi x0p nhd lyc bop nén trong qua trinh
tim. Su phén b6 va muc d6 bam dinh cua graphene trén
khung x6p dugc thé hién thong qua anh SEM trén Hinh 5.

Hinh 5. Anh SEM ciia cic mau xép: (Q)MF, (b) PF va (c) PU

Ham lugng graphene va albumin bam vao khung xdp
sau 1 1an tam duoc d4nh gia thong qua d6 chénh 1éch khi
luong khi mau da siy kho. Ham luong nay ting dan tir
PF, PU dén MF tuong ting véi cac gia tri 34, 76 va 98 %.
Luong graphene tach ra dwgc danh gia thong qua sy
chénh léch khdi lugng trude va sau khi danh siéu am 30
phit véi bién do 40%. Pbi véi xOp PF gia tri nay 1a 3,4%,
xOp PU 1a 8,3% va xdp MF la 9,6%. Sy c6 mit cta
graphene tach ra trong cdc nude dwoc kiém tra théng qua
viéc chleu tla laser hinh anh thu duoc nhu Hinh 6.

Hinh 6. Anh sang laser duoc tan xq boi graphene c6 trong nwéce
sau khi mau xop tam graphene duwoc danh siéu am 30 phut
3.3. Khd ndng hép thu dau ciia vit liéu xop

Do hiéu rng mao quéan xdp ban dau chua tm graphene
van c6 kha ning hip thu dau nhung khong thim w6t toan
bd mau. Sau khi dugc tim graphene tinh chét thdm w6t cia
vét liéu x6p thay ddi tir va nude sang ky nuée. Tinh chét
nay duoc thé hién 16 qua cac hinh anh trén Hinh 7. Lp dau
& phia trén 16p nu6e duoc hit hét boi xbp tAm graphene ma
khong dugc hut hét boi xdp ban dau.

Kha ning hip thu dau chi duoc khao sat voi 2 loai x6p
¢6 graphene bam dinh nhiéu 1a xép MF va PU. Két qua
duoc thé hién trén Hinh 8.

Luong chat long dugc hap thu ngoai viéc phu thudc
vao kha nang tuwong thich véi vat li¢u con phu thude vao
khdi lugng riéng va do nhét ciia chat 1ong do. Trong cac
chit 1ong khao sat chloroform 1a chét 16ng c6 khdi lwong
hap thu 16n nhit (58-61 lan so voi khdi lwong vat lidu
x6p), tiép dén 13 benzen (32-35 14n), ddu nhon (19-25 14n)
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va cudi cling 1a dau tho (15-18 1an). Két qua nay cao hon
2,2-4,5 lan so voi vat liéu thuong mai di to sgi
polypropylene thuong ding dé xtr 1y sy ¢6 tran dau va cao
hon so véi vat liéu x6p trén co s& carbon [10] hay vt lidu
x6p PU ¢6 phu CNT/PDMS [17].

Hinh 7. Tinh chdt tham w6t ciia x6p thay doi sau khi dwoc tam
bang graphene; (a) xop MF, (b) xop PU
70

# MF

Kha ning hép thu (¢/g)

Diu thd

Benzen Chloroform

Hinh 8. Kha néng hdp thu dau va dung méi hitu co ciia
xop MF va PU c6 tam graphene

4. Két luan

Vit lidu xp MF ¢6 d6 x6p 16n, khdi luong riéng biéu
kién thip di dugc tao ra trong phong thi nghiém dudi tac
dung ctia 10 vi song. Qua trinh bién tinh bé mat xp bang
graphene theo phuong phap ngam tim don gian chi hiéu
qué ddi véi loai xdp ¢6 chu trac 16 hd hodc c6 tinh dan hoi.
Ham lugng graphene bam trén x5p MF cao hon so véi xdp
PF va xdp PU. Xdp sau khi bién tinh bang graphene thé
hién hiéu qua hp thu dau cao (Ién dén 58-61 lan so véi

Kkhéi lwong cQa chﬁng), cao hon 2,2-4,5 1an so vé6i vat liéu
thuong mai hap thu dau di tir sgi polypropylene.

Loi cam on: Nghién ctru ndy dugc tai trg boi Quy Phat
trién Khoa hoc va Cong ngh¢ Pai hoc Da Nang trong dé
tai co ma so: B2017-bN02-24.
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