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Toém tét - Ong nano cacbon (CNTs) la loai vat liéu méi cé nhiéu
dé&c tinh tuyét voi nhu: do clrng cao, tinh dan dién tét, kha nang
phat xa electron cao, céc tinh chat co' hoc va d6 bén hoéa cao. Tuy
nhién, ddc trwng cAu tao clia CNTs 13 khéng phan cwc, nén viéc
phan tan trong cac moi trwong phan cwe clia CNTs kém. Trong bai
bao nay chang t6i trinh bay két qua khao sat qua trinh bién tinh
héa hoc CNTs nhdm cai thién kha nang phan tan ctia CNTs vao
cac moi trwdng phan cwc nhw nwédc, dung méi hiru co phan cuec,
polyme phan cuc,. . Két qua bién tinh héa hoc CNTs dwoc dic
treng béng cac phuomg phap phan tich nhw phd hong ngoai bién
ddi Fourier (FTIR), phd nhiéu xa tia X (XRD), kinh hién vi dién t&
quét (SEM). Két qua thu dwoc cho thy CNTs da bién tinh héa hoc
c6 kha nang phan tan va &n dinh phan tan trong méi trwérng phan
cuc tét hon so CNTs nguyén thay.

T khoa - Ong nanocacbon; bién tinh héa hoc; kha nang phan tan;
sw On dinh phan tan; moi trwdng phan cwc

1. Gi6i thiéu

Ké tir khi kham pha ra 6ng nano cacbon vao nam 1991
boi Gido su Sumio lijima, chi trong thoi gian ngin CNTs
da c6 mat trong rat nhiéu tmg dung khoa hoc va cong nghé
dic biét [1]. CNTs c6 cac tinh chat ndi troi hon rat nhiéu
vat liéu khac nhu: do bén co hoc cao, dan dién dan nhiét
t6t, chiu moi truong hoa chét... nén nd ¢ tmg dung rong
rdi trong cac linh vyc nhu cong nghé nano, dién tr, quang
hoc, y sinh va cac linh vuc khac ciia khoa hoc vét liéu [1,
4]. Do vay, cic 6ng nanocacbon da thu hit sy chi ¥ cua
nhiéu nha khoa hoc trén khip the gi6i [2]. Su quan tAm dédc
bi¢t nay xuét phat tir ddc tinh cdu tric, co hoc va dién tir
ndi bat ciia chling [2]. Nhom tac gia ciia mot bao cdo nham
tom tat mot s thanh tyu quan trong trong linh vuc nghién
ctru dng nano cacbon ca vé thuc nghiém va 1y thuyét két
hop vdi cac ing dung cong nghiép c6 thé ciia 5ng nano [10]
da cho thiy su thu hut cia CNTs di véi nhiéu nha khoa
hoc & céc linh vye (dién, dién tur, sinh hoc, vét lidu...) trén
thé gioi. Nhirng nghién ciru gan ddy ciia cac nha khoa hoc
d6 1a cac phuong phap bién tinh hda hoc CNTs cai thién va
nang cao hoat tinh cho CNTs nhdm mé rong pham vi img
dung cta chiung, dac biét 1a trong linh vuc vat liéu polyme
[3]. Trong d6 CNTs dugc sir dung lam vat liéu gia cuong
cho polyme thi bé mit cua chiing phai duoc bién tinh bang
cach bo sung cac nhoém chirc phan cuc [10]. Diéu nay
khong chi cai thién tinh phén tin trong nhya phan cuc ma
con hé trg kha niang hinh thanh lién két ngang trong quéa
trinh dong rin d6i voi nhya [10]. Trong d6 dang chi y 1a
c4c qua trinh nham bién déi tir cau hinh C lai hoa sp? sang
C sp®, viéc ndy cho phép thay dbi cac tinh chét dién tir cua
CNTSs ciing nhu ¢6 thé diéu chinh cac tinh chit bé mit cua
chung, nhd d6 cac tinh nang méi c6 thé xuat hién ma CNTs

Abstract - Carbon nanotubes (CNTSs) are new materials, which have
many great properties such as high hardness, good electrical
conductivity, high electron emission capability, high mechanical
properties with chemical stability. However, structural characteristics
of carbon nanotubes are not polar, so their dispersion in polar
environments is poor. In this paper we reported the investigated
results of chemical modification for CNTs to support improvement of
dispersal ability of CNTs into polar environments such as water, polar
organic solvent, polar polymers, etc. The results of CNTs
functionation have been measured by analysis methods such as
Fourier transform infrared (FTIR), X-ray diffraction (XRD), Scanning
electron microscope (SEM). The results have shown that dispersal
ability and dispersal stability in the polar environment of chemical
modified CNTs have been better than neat CNTSs.
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nguyén ban khong thé ¢6 dugc [4]. CNTs c6 tinh dan nhiét,
dan dién nhu mot kim loai hodc chét ban dan tuy thudc vao
d9 tinh khiét [3]. Tuy nhién, do nhiing dac diém vé céu trac
bé mat 6ng cacbon nano, nén viéc phén tan ciing nhu trong
tac v4i cac mdi trudng phan tan trong d6 bao gdm dung
moi hiru co phan cyc, nude, polyme phan cyc... rat han ché.
DPac biét 1a do anh hudng cia hi¢u ung kich thude va hiéu
(g bé mit xay ra voi cac vat liéu nano nén CNTs rat dé
xay ra hién tugng két tu. Su két tu nay duoc hd trg thém
boi lién két Van der Walls khién cho CNTs cang khé phan
tan trong cac moi truong phan cyc. Cling chinh hién tugng
nay lam cho kha ning phan tan va lién két cua CNTs véi
moi trudng phan tan khong dugc tét. Bén canh d6 dudi
nhiing tac dong nhit dinh s& d& dang kéo CNTs ra khoi hé
phan tan din dén hién tuong l'fmg tu [9]. Chinh vi vay, dé
gilp cho kha ning phan tan va on dinh trang thai phan tan
ctia CNTs vao cac mdi truong phén tan phan cuc tot, nguoi
ta thudng phai bién tinh hoa hoc CNTs nhim gan cdc nhom
chirc ¢6 kha ning lién két tot v6i cac phan tir modi truong
phan tan twong tng [4, 5]. Mot mde quan trong trong linh
vuc bién tinh hoa hoc CNTSs thu hut nhiéu nha nghién ctru
d6 1a sy phat trién cua qué trinh oxy hoéa cho CNTs lién
quan dén viéc xir Iy bang siéu 4m trong hdn hop axit nitric
va axit sulfuric [4]. Vi cac diéu kién khéc nghiét nhu vay
dan dén viéc mo 2 dau dng ciing nhu sy hinh thanh cac
diém khuyét tat trén bé mat vach ciia dng [5]. Tiép theo do
1a sy gdn cac nhom chire ¢6 chira oxy (OH, CO, COO...)
doc theo bé mit ctia éng dong thoi v6i sy giai phong carbon
dioxide (CO2). Cac ong nano cachon dugc chirc hoa theo
cach nay vé co ban van gitr nguyén cAu trac tinh thé va cdu
trac dién tir ban diu cua CNTs [4].

C6 nhiéu cong trinh nghién ctru bién tinh hoa hoc CNTs
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da dugc cong bd trén cac tap chi khoa hoc, trong d6 dang
chu ¥ 12 két qua nghién ctru bién tinh héa hoc CNTs bang
3 téc nhan oxy hoa gom H,0230%, HNO369.7% va H,SO4
98% do nhom tac gia Falah H Hussein [11]. Két qua cho
thiy tac nhan H,0230% c6 kha ning oxy hoa kém nhét chi
xuat hién nhom chirc OH, con 2 tic nhan con lai c6 kha
ning oxy hoa manh hon va di gan duoc ca nhom OH va
nhém cacbonyl (CO) [11]. Thém nira la cac cdng trinh
nghién ctru vé su bién tinh héa hoc oxy héa CNTs cia
nhom tdc gia D. Howard Fairbrother [11]. Theo két qua
cong bd cho thdy rang mirc d¢ oxy hoa (ham lugng oxy gin
trén bé mat CNTs) phu thudc vao mic do oxy hoa cia cac
tac nhan, trong d6 cac tac nhan khao sat gom: HNO3, hon
hop HNO3/H;SO4 va KMnO4[11]. Sy ¢ mat cua cdc nhom
chtre chira oxy dan dén viéc giam tuong tac Van der Waals
gitra c&c CNTs, tao diéu kién thuan loi cho viéc tach CNTs
thanh cac dng riéng 1¢. Ngoai ra, viéc gan cac nhom chirc
thich hop lam cho cac 6ng c6 thé phan tan trong moi truong
nude hodc dung moi hitu co phan cuye, tir d6 c6 thé mo ra
kha ning diéu chinh sy phan tan ctia CNTs trong cic moi
truong phan cuc khac nhu polyme phan cuc [4]. Cac
nghién ctru khac ciing dang chl y 1a viéc gin cac nhém
chtrc vao bé mit nano cacbon cta cac nhom nghién ctru
Holzinger va cong su [12], Kim va cac cdng su [13], Chen
va cong su [14].

Trong nghién ciru ndy, c6 thé xem lan dau tién dugc sir
dung hé oxy hoa gdbm hdn hop axit HNOs/HCI vai ty 18 thé
tich 3:1, trong diéu kién nhiét d6 55°C va thoi gian duy tri
12h (diéu kién duoc chon trén co so cac két qua khao sat
d6i v6i tic nhan oxy hoa HNOs riéng 1¢ va hdn hop
HNOs/H,S0, da dugc cong b trong tai liéu [4,11]. Qué
trinh bién tinh héa hoc CNTs dwoc minh hoa trong Hinh 1.
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Hinh 1. So do qud trinh bién tinh héa hoc CNTS tao O-CNTs

2. Thue nghiém
2.1. Héa chit

+ CNTs do Cong ty TNHH Bao Lam Khoa sém’xuét,
axit HCI 36,5%, axit HNO3; dac 68% duoc san xuat boi
Xilong Chemical Factory va Guangdong Guanghua
Sci-Tech Co.
2.2. Bién tinh héa hoc CNTs

Phuong phap bién tinh hoa hoc CNTs ¢ day dugc chon
phuong phap oxy hda bang hon hop HNOs/HCI véi ty 1€
the tich la 3:1, trong dicu kién nhi¢t do 1a 55°C va thoi gian
1a 12h. San pham thu duge 1a CNTs oxy hoa ky hiéu la

O-CNTs dem di loc rira bang nudc cét trén phu hat chan
khong dé loai bo hoan toan axit, thir nudce rira cho dén khi
dat trung tinh. Mau dem di sdy trong tu siy chan khong &
nhiét d6 60°C cho dén khéi lwong khong dbi, rdi cho vao
tai nhwa va bao quan trong binh hiit am.

2.3. C&c phwong phdp phan tich diic tring ciia sin phim
bién tinh héa hoc

- Str dung phuong phap do phd hdng ngoai bién doi
Fourier (FTIR) trén may Nicolet 6700 tai Trung tim Phan
tich hang hoa hai quan Pa Ning dé xac dinh sy c6 mit cta
céc nhom chire sau khi bién tinh héa hoc.

- Sir dung phuong phap phan tich phd nhiéu xa tia X
(XRD) trén mdy SIEMENS D5005 tai Phong thi nghiém
vét Iy chat rin Truong Pai hoc Khoa hoc Ty nhién — Dai
hoc Qudbc gia Ha Noi, dé xac dinh cdu tric tinh thé cua
CNTs trude va sau bién tinh hda hoc.

- Sir dung phuong phép phan tich bang kinh hién vi dién
tir quét (SEM) loai S4800-NIHE, dién thé gia toc 10 kV tai
Phong Siéu ciu trac cua Vién dich t& Trung wong, dé xac
dinh hinh thai hoc ciia CNTs trudc va sau bién tinh hoa hoc.
2.4. Khio sdt kha nang phan tan va én dinh phén tin
trong moi truwong phdn cuc la nuwéc

Str dung phuong phap khudy co hoc 1a khudy tir véi toe
d6 200 v/phut, trong thoi gian 1h va khudy siéu &m vai bién
d6 tan s siéu 4m 1a 40%, thoi gian siéu 4m 1a 1h dé phan
tdn CNT;s vao méi truong phén tan 1a nude. Sau khi phéan
tan dé yén theo ddi trang thai 6n dinh phan tan sau thoi gian
la 1h, 3h va 3 ngay.

3. Két qua va thao luin
3.1. Bién tinh héa hoc CNTs tao O-CNTs

Kétﬁqué khdo sat CNTs sau bién tinh hda hoc bang phan
tich phd FTIR dugc thé hién trén Hinh 2.
Pho FTIR cia cac logl CNT
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Hinh 2. Ph6 FT-IR ciia CNTs (a) va O-CNTs (b)

Tir Hinh 2 cho thdy pic 3413,4 cm™ véi cudng do hip
thu manh déc trung cho dao déng hda tri cua nhém OH ¢6
thé caa nhom COOH hozc nhém OH cuaa nuéce (trong mau),
pic & 1634 cm! dic trung cho dao dong héa tri cua lién két
C=0 ctia nhom cacboxyl, pic tai 1104 cm* dic trung cho dao
dong hoa tri cia lién két C-O va pic & 1456 cm™ dic trung
cho dao dong bién dang cua nhém epoxy dang C-O-C. Diéu
nay chimng té qua trinh oxy hoa da lam xuét hién cac nhom
chirc chira oxy C=0, COO, C-O-C trén bé mat ng tuc la co
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sy bién doi tir C lai hoa sp? sang C sp®, két qua nay twong
dong véi cac nghién cau trong tai liéu [4, 5, 9].

3.2. Dic trung tinh thé ciia CNTs va O-CNTs bing phé
nhiéu xq tia X (XRD)

40000
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Hinh 3. Phé XRD cia CNTs va O-CNTs

Két qua khao sat phd nhiéu xa tia X (XRD) trén Hinh 3
cho thdy cu truc tinh thé ciia CNTs trudc va sau bién tinh
bién tinh héa hoc khong c6 su thay ddi, co nghia la sy bién
tinh hoa hoc CNTs chi lam thay d6i thanh phan c4u tao (gin
thém cac nhom chirc trén bé mat 6ng) ma khong lam thay
d6i cu tric tinh thé. Hon nira, cAu tric tinh thé caa CNTs
trugc va sau bién tinh hoéa hoc hau nhu khong thay doi 1a
do trong diéu kién bién tinh hda hoc da chon chi tac dong
I&n cac vi tri C lién két = (C=C) hoat tinh ma khong lam
dut céc lién két cong hoa tri o trong vong 6 canh mang tinh
thé graphit. Do vay, ciu tric tinh thé dang ng van duoc
giit nguyén, két qua nay tuong dong vai cac két qua trong
c4c tai liéu [4, 9]. Pay ciing chinh la diéu ma nhém nghién
ctiru mong mudn dat duoc.
3.3. Pdc trung hinh thdi hinh hoc ciia CNTs va O-CNTs
bang kinh hién vi dién tir quét

Céu trac hinh thai cia CNTs va O-CNTs duoc xac dinh
bang kinh hién vi dién tir quét. Két qua phan tich SEM cuia
CNTs va O-CNTs duoc thé hi
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Hinh 4. SEM cua CNTs Hinh 5. SEM cua O-CNTs

Tir Hinh 4 va 5 cho thdy dic trung hinh thai hinh hoc
cia CNTs va O-CNTs déu ¢ dang ong. Diéu nay ching
t6, CNTs trudc va sau bién tinh hda hoc trong diéu kién
khao sat hau nhu khong lam thay ddi vé hinh thai hoc. Nhu
vay, diéu kién bién tinh hda hoc duoc lya chon chi gan céc
nhém chiie chira oxy 1én bé mat cia vach 5ng ma hoan toan
khong 1am bién déi vé hinh thai hinh hoc caa CNTs ban

dau. Pay chinh 14 diéu ma nhém nghién ctiru mong mudn.
3.4. Khdo sdt xdc dinh phwong phdp phin tan CNTs vao
trong méi trwong phdn tan la nwdc

Dé x4c dinh phuong phép phén tan hi¢u qua dbi voi
CNTs trong nghién ctru ndy tien hanh 2 phuong phap gom:
khuay co hoc (dung may khuay tur) va khuay siéu am. Két
qua dugc thé hién ¢ Hinh 6.

Khudy siéu 4m Khudy tir
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Hinh 6. Phuong phdp phdn tan CNTs trong nudc

Hinh 6 cho thiy méi trudng nudc da chuyén sang mau
den cuia chat phan tan 1a CNTs dbi voi phuong phap khudy
siéu &m, chung to su phén tan di xay ra. Doi véi phuong
phép khudy tir (co hoc), méi trudng phén tan (nuéc) khong
c6 su d6i mau va sau khi nging khudy thi CNTSs ling tu
xudng day cdc, ching to khong phéan tan dugc CNTS vao
moi truong nudc. CO thé thay rang, vat liéu ciu tric nano
thudng co xu hudng két tu khi phan tan vao cac moi trudng.
Vi vay, dé phan tan ciing nhu xé nho hat nano can phai
cung cap di niang lugng dé vuot qua lyc lién két nay. Trong
do, tac dung cua séng siéu &m lam cho sy phén tan va pha
v su két tu cua hat nano xay ra [6, 8]. Khi song siéu am
lan truyén vao trong moi trudng phén tan sé lién tuc tao ra
cac chu ky xen k& gitra 4p suat cao va ap suat thap, diéu
nay gy tac dong Ién cac luc lién két cua hat nano. Pdng
thoi, khi hang loat cac bot khi v& tung sé tao ra mot ap luc
tuong tu ddng co phan lyc cua may bay tac dong I1én chum
hat nano khién ching tach ra khoi nhau d& dang [5, 9]. Do
vay, siéu Am dugc xem la mot phuong phap hiéu qua trong
viéc phan tan CNTSs.

3.5. Khdo sdt dinh gid khd ndng va trang thdi én dinh
phén tin ciia CNTs va O-CNTS vao méi truwong phin tin
phén cuc la H,0O

Dé danh gia kha ning phén tan va trang thai 6n dinh
phén tan ciia CNTs truéc va sau bién tinh hoa hoc, trong
nghién ciru nay tién hanh phén tan bang phuwong phép siéu
am & diéu kién 40% bién do tan s6 séng siéu &m, trong thoi
gian 60 phut. Trang thai phan tan dugc danh gia bang cach
quan séat thdng qua hién tugng ling tu ciia mau trong cac
khoang thoi gian khac nhau: 1h, 3h va 3 ngay.

Két qua khao sat thu dugc thé hign & Hinh 7.

Hinh 7 (A) cho thay sau khi siéu &m ca 2 mau déu phan
tan dong nhét trong moi trudng nuéc. Hinh 7 (B) cho thy
sau phan tan 1h thi mau CNTSs bt dau léng tu, trong khi d6
mau O-CNTs van 6n dinh. Hinh 7 (C) cho thiy sau 3h thi
mau CNTSs tiép tuc lang tu, con mau O-CNTs van giit trang
thai phan tan 6n dinh. Hinh 7 (D) cho thiy sau 3 ngay thi
mau CNTSs léng tu hoan toan, miu O-CNTSs van giit nguyén
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trang thai phan tan ban ddu. Nhu vay ching to trang théi
6n dinh phan tan ciia O-CNTs trong méi trudng phan tan
phan cyc tét hon nhiéu so vai CNTs. Két qua nay ciing phu
hop véi két qua nghién cau ciia nhdm tac gia Bd Quang
Khang va cong su [9].

CNTs O-CNTs
(A) II

CNTs O-CNTs
B) [ . ll |

CNTs O-CNTs
Y| s |

CNTs O-CNTs
(D) "“.

Hinh 7. Két qua khdo sdt trang thdi phén tan cia CNTs va
O-CNTss trong méi truong nwdc: sau khi siéu am (4), dé yén sau
siéu dm phan tan lan luot: 1h (B), 3h (C) va 3 ngay (D)

Diéu nay ciing chtng to sy ¢ mat cua cac nhom chic
phan cuc -COOH, -C=0, -OH trong O-CNTSs nén dé dang
hinh thanh céc lién két v&i phan tir H20 nhu lién két hydro,
lien két phan cuc. Do vdy ma O-CNTSs c6 i luc Ién véi
nuGce nén gitr trang thai phan tan 6n dinh trong méi truong
nudc tot hon so voi CNTs. Ngoai ra, su c6 mit cua cac
nhém chirc gin trén bé mat ng cua CNTs di lam ting
khoang cach va luc day tinh dién gitra cac 6ng sau khi siéu
am nén c¢6 xu huéng giam sy két tu [4, 6, 7]. Vi vay ma kha
nang phan tan va on dinh trang thai phan tan cua O-CNTs
trong mdi truong phan cuc duoc cai thién dang ké.

4. Két luan

_ Céc két qua phan tich dac trung O-CNTs va CNTSs cho
thay su bien tinh hoa hoc CNTSs bang hon hgp HNO3 /HCI
véi ty 1€ the tich 3:1, trong diéu kién nhiét do l1a 55°C va
thoi gian 1a 12h thanh cong.

Xéc dinh dugc phuong phép phan tan CNTs vao moi

truong phan tan hiéu qua 1a phuong phap phan tan bang
siéu am.

Kha ning va trang thai 6n dinh phan tan cia CNTs sau
bién tinh hda hoc trong méi trudng nudc cai thién dang ké.
Diéu nay rat quan trong khi sir dung ching trong cac linh
vuc tng dung két hop véi céac loai vat liéu c6 tinh phan cuc
nhu cao su, son, keo dan, chét déo...
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