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Abstract

In this work, carbonnanotubes (CNT) was firstly purified to remove residual metal catalyst in the preparation
process. Afterward, H,O,/NH; mixture was used as the oxidizing agent for CNT treatment in order to form
functional groups COOH and NH, on CNT surface. Polyethyleneglycol and bis(3-triethoxysilylpropyl)
tetrasulfide (TESPT) were then grafted onto the oxidized surface of CNT under appropriate conditions of Fischer
esterification reaction. The structure of CNT and modified CNT were characterized by infrared spectroscopy,
Raman, transmission electron microscopy (TEM) and weight thermal analysis (TGA). The results have proven
that organic functional groups (-COOH and -NH,) were successfully attached onto the surface of CNT and the
content of the organic functional group is about 27.85 %. By the CNT modified with PEG and TESPT the content
of —CO-PEG and —CO-TESPT are about 24.66 % and 3.28 %, respectively.
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1. MO PAU

Do nhitng dic diém vé ciu tric bé mat ong
cachon nano (CNT), nén viéc phén tan cling nhu
tuong tac voi nén polyme néi chung va cao su nodi
riéng rat han ché. Bac biét 1a do anh husng cua hiéu
g kich thuéc va hiéu tng bé mit xay ra véi cac
vat lidu nano nén CNT rat d& xay ra hién tuong két
tu. Su két tu nay dwoc hd trg thém bai lién két Van
der Walls khién cho CNT cang kho khan phan tan
trén nén hiru co, lam suy yéu tinh chat co hoc cia
vat liéu polyme/CNT nanocompozit. Ciing chinh
hién tuong nay lam cho kha nang bam dinh ctia CNT
V6i nén polyme khong duoc tot, va dudi nhiing tac
dong nhat dinh s& d& dang kéo CNT ra khoi bé mit
polyme nén [1]. Chinh vi vay, dé giGp cho qua trinh
phan tdn CNT vao nén polyme ciing nhu tuong tac
ctia chding véi vat liéu nén duoc tét, nguoi ta thuong
phai bién tinh bé mat bang cach gin nhitng nhém ¢6
kha nang tuong hop hozc lién két tot véi vat ligu nén
polyme tuong ing. Trong cong trinh nay, dau tién bé
mat CNT dugc oxi hoa dé gan nhom COOH va NH,
tiép theo d6 ghép polyetylenglycol (PEG) hoic
bis(3-trietoxysilylpropyl) tetrasulphit (TESPT) theo
phan ung este hoa Fischer. Két qua chic hda bé mat

CNT duoc xac dinh bang cac phuong phép phd hong
ngoai (IR), pho Raman, kinh hién vi dién tir truyén
qua (TEM) va phuong phap phan tich nhiét trong
luong (TGA).

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciru

Ong cacbon nanotube (CNT) cua hang Nanocyl
S.A. (Bi); cac hda chat va dung méi gom: thionyl
clorua (SOCI,), dimetylfomamid (DMF), tetrahydro
furan (THF), H,O,, NHs, polyetylen glycol (PEG)
(¢ khdi lugng phan tir khoang 6000 g/mol), bis(3-
trietoxysilylpropyl) tetrasulphit (TESPT) déu cua
Trung Qudc.

2.2. Bién tinh b& mit CNT biang phan &ng este
héa Fischer

CNT duoc loai bé kim loai con du trong qua
trinh tdng hop ling dong hoi hoa hoc (CVD) bing
cach ngam véi HCI va khudy trong 2 gio ¢ 50 °C
duéi diéu kién thuong, rira nhidu 1an bang nudc cat
cho t6i khi pH = 7, 1am khé trong 12 gid, san pham

520



TCHH, 53(4), 2015

ky hiéu p-CNT. Hoa tan 0,3 g p-CNT trong 25 ml
hén hop NH,OH va H,0, (ti 18 1:1). Khudy hdn hop
trong 5 gio' ¢ 80 °C dudi &p suét thuong [2]. HOn
hop san pham duoc loc bing mang loc PTFE (kich
thudc mao quan 0,2 um), rira bang nudc cat vé moi
truong trung tinh va 1am sach bang axeton nhiéu lan.
San pham bién tinh ki hiéu CNT-Oxy héa duogc siy
80 °C trong 48 gio.

- Ghép nhdom -COCI Ién CNT

Can 0,5 gam CNT-Oxy hoa cho vao binh ciu
100ml c6 san 20 ml SOCI, va 10 ml DMF, tién hanh
khuay tron dudi &p suat thuong trong 24 gio & 70 °C,
sau khi két thic phan ung dwoc hdn hop mau nau
den CNT-COCI, rira sach bang THF va lam kho &
nhiét d6 phong.

- Tong hop CNT-CO-TESPT

5 ml TESPT duoc thuy phan trong 20 ml con
96°, 10 ml nuéc cit va 5 ml NaOH 10 % & 50 °C
trong 2 gio, tién hanh cit quay loai bo dung méi, sau
d6 chat ran mau vang TESPT-OH duoc lam kho &
50 °C trong 4 gio [3]. Can 0,1g CNT-COCI va 1g
TESPT-OH rdi cho vao binh cau 100 ml ¢ san 30
ml C,HsOH khan, tién hanh khuay tron trong 5 gio &
60 °C, hdn hop san pham dwoc rung siéu am 60 phut
& 60 °C, téc d6 6000 vong/phat nham nang cao hiéu
suét, sau do loc qua mang loc PTFE, rira sach nhiéu
lan bang nude nong dé loai bo silan con du, 1am kho
va rira tiép bang axeton. San pham thu dugc dem siy
chan khong ¢ 60 °C trong 5 gio [4].

- Tong hop CNT-CO-PEG

Céan 1 gam PEG, dun noéng chay & 90 °C, cho
vao binh cau chaa sdn 0,1 gam CNT-COCI, khuiy
tron 10 phat réi thém tiép 40 ml hdn hop
benzen/THF (ti Ié thé tich 3:1), tién hanh phan tng &
80 °C trong 40 gio. Két thic phan tng, hdn hop san
pham duoc rung siéu am 30 phit & 60 °C, toc do
3000 vong/phut, sau d6 loc qua mang loc PTFE, hén
hop rin mau den duoc rira sach bang axeton va ete
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dau hoa 3 1an, 1am khé ¢ 90 °C trong 12 gio [4].
2.3. Cac phwong phap phan tich, danh gia

Két qua chuc hda bé mat CNT duogc xac dinh
bang cac phuong phap phan tich nhu phd hong ngoai
(IR) dudi dang ép vién vaoi KBr trén may FTS-6000
(cua hang Biorad, My), phé Raman véi may HR
LabRAM 800 (cua hang Horiba, Jobin Yvon), kinh
hién vi dién tur truyén qua (TEM) trén may Jeol 1010
(cua hédng Jeol, Nhat Ban), phuong phap phan tich
nhiét trong luogng trén may Setaram (Phap), toc do
nang nhiét la 10°C/phut trong moi truong khong khi
trong khoang nhiét d¢ nghién ciu tir 25 dén 800 °C.

3. KET QUA VA THAO LUAN
3.1. Oxi hoa bé mat CNT
3.1.1. Phé hong ngogi va phé Raman cuia vt liéu

Két qua phan tich phd hong ngoai caa mau CNT
(hinh 1a) cho thay c6 su xuét hién pic 1659 cm™ dic
trung cho dao dong bién dang cua dc-c va pic 2974
cm™ ¢6 cudng 6 manh dic trung cho dao dong hoa
tri cua lién két ve.c, didu nay hoan toan phi hop véi
ciu trdc dang graphit cia CNT. Trén phd IR cua
CNT-COOH (hinh 1b) xuat hién pic c6 cudng do
manh & 3316 cm™ dic trung cho dao dong nhém OH
(tham gia lien ké& hydro noi phan tur
-CO-0O-H...NH,-) va hai pic khac & 1192 cm™ va
1684 cm™ dic trung cho dao dong cua lién két C-O
va C=0 cua nhém cacboxyl (cac pic nay khong thay
xuit hién trén phd IR caa CNT). Trén phd IR cua
CNT-Oxy héa ciing thu dwoc tin hiéu cua pic hap
thu c¢6 cuong do manh ¢ 3668 cm™ dic trung cho
dao dong hoa tri dbi xang cua lién két N-H va pic
1492 cm™ dic trung cho dao dong hoéa tri cua lién
két C-N. Tur nhiing dir kién trén day c6 thé khang
dinh bé mat CNT bj oxi héa va dugc dinh nhom 2
nhom chitc COOH va NH..
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Hinh 1: Pho IR ctia va CNT (a) va CNT-Oxy héa (b)
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DPé lam rd thém nhan dinh trén, phd tan xa
Raman tai buédc song 632,81 nm cua cac vat liéu trén
tiép tuc duoc chup (hinh 2). Nhan thiy rang, trén
phd d6 cua CNT c6 hai vang phé dic trung cho
trang thai hdn loan (dinh D) ¢ 1323 cm™ va viing trat
tu (dinh G) ¢ 1587 cm™ Dinh G sinh ra tir mang
graphit cia CNT dic trung cho tinh trat tu cua cu
triic gdm cac nguyén tir cacbon sap xép dang vong 6
canh. Trong khi d6 dinh D lai dac trung cho cac
khuyét tat trong cau tric cua CNT, sy xuit hién cua
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Hinh 2: Ph Raman ciia CNT va CNT-Oxy hoa

3.1.2. Bdc tinh phén tan trong nieéc Va cau trac hinh
thai cua vt liéu

- Bdc tinh phdn tan trong nudc cua vat ligu

Su khéc biét caa CNT va CNT-Oxy hoa con
dugc danh gia mot cach truc quan thong qua dac
tinh phan tan cta chung trong nude (hinh 3). Nhan
thay rang, su phan tan caa CNT va CNT-Oxy hoa
trong nuwéc sau khi rung siéu &m 1 gio khac hin
nhau. Piéu do6 c6 thé giai thich, do su xuét hién cac
nhém chac COOH va NH, trén bé miat CNT c6 kha

P - CNT.009
Print Mag: 208000x @ 51 mm

20 nm

Nghién cizu bién tinh bé mgt ong...

dinh D 1a do dao dong cua c&c nguyén tir C & trang
thai sp>. Sau phan tng oxi héa, dinh D va G cua
CNT-COOH dich chuyén twong ung véi 1325 va
1595 cm™. Mirc d6 trat ty caa cau tric graphit ¢ thé
dugc xac dinh théng qua ty sé gitra hai dinh D, G
tac gia tri lp/le. Gia tri nay tang tir 1,70 (dbi voi
CNT) 1én 1,79 (d6i v6i CNT-Oxy hoéa). Piéu nay
dugc giai thich 1a do qua trinh oxy hoéa da lam pha
V& cAu trdc mang graphit, chuyén tir C lai héa sp?
sang Csp® trong nhém COOH.

Hinh 3: Su phén tan cia CNT (a) va CNT-Oxy
hoa (b) trong nudc sau khi rung siéu am 1 gio

ning tao lién két hydro lién phan tir voi H,0, nén
CNT c6 kha nang phan tin déu trong nuéc (3b).
Trong khi d6, CNT chua bién tinh hoan toan khong
tan trong nudc (3a). Két qua nay ciing tuong tu két
qua cua tac gia da cong bd cua tac gia Zhiyuan
Zhao va cong su [5].
- Cau trac hinh thai cua vt lidu

Cau trdc hinh thai cia CNT va CNT-Oxy hoa
dugc xac dinh bang phuong phap hién vi dién tir
truyén qua (TEM). Trén hinh 4 1a anh chup TEM
ctia cAc mau vat liéu.

O - CNT.004
Print Mag: 208000x @ 51 mm

20 nm

Hinh 4: Anh TEM cia CNT (a) va CNT-Oxy héa (b)
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Tur hinh 4 cho thy, so véi CNT, cau tric bé mat
CNT-Oxy hoa da thay d6i kha nhiéu. Cau tric cua
CNT trudc oxi hoa kha co cum, xuat hién thanh bui
chdng chat 1én nhau (hinh 4a). Sau khi oxi hoa, cau
trac kha dong déu it thdy hién tuong tich ty thanh
cac bo (hinh 4b). Pac biét qua trinh oxi hoa da gin
nhom chiic COOH va NH, lam gia ting dang ké
duong kinh 6ng ting 1én dén 16,0 d&én 17,7 nm
(truéc khi oxi héa chi ¢ 10,7 dén 12,4 nm).

PHé Quang Khang va céng sur

3.1.3. Tinh chdt nhiét cuia vat ligu va ham leong cc
nhém gan Ién bé mat CNT

Dé danh gia tinh chét nhiét ciing nhu luong céc
nhom chic hiru co dugc gan trén bé mat CNT,
phuong phap phan tich nhiét trong luong (TGA) da
dugc sir dung. Két qua phan tich thu duoc, duoc thé
hién trong bang 1.

Bang 1: Két qua phan tich TGA cta CNT truc va sau khi oxi héa

Mau vat liéu Nhiét d6 bt dau | Nhiét do phan huy | Nhiét do phan huy | Ton hao khoi lugng
phan huy (°C) manh nhat 1 (°C) | manh nhat 2 (°C) dén 750 °C (%)
CNT 500 577 - 53,67
CNT — Oxy héa 460 535 615 81,52

Tur bang 1 nhan thay rang, trong khoang nhiét do
phong téi 500 °C (d6i voi mau CNT) téi 460 °C (ddi
v6i mau CNT-Oxy hda, qué trinh tén hao khdi luong
do viéc béc hoi nuée va phan hiy caa céc thanh phan
carbon vo dinh hinh con 1an trong cac mau la khéng
dang ké. Pén 500 °C, CNT bt dau phan hay va phan
hily manh nhat & 577 °C. Qua trinh phan hay kéo dai
dén khoang 750 °C thi khéi lwong mau hau nhu
khong dbi, I0c nay khéi luong mau mét di 53,67 % do
CNT bij phan hay. Trong khi d6, & mau CNT-Oxy
hoa, dén 460 °C da bat dau phan hay va phan hiay
manh nhét & 535 °C. Trong khoang nhiét d6 nay c6
thé 12 xay ra qué trinh phan hiy caa cac nhém hitu co

két hop véi viéc bt dau phan hay caa CNT, qua nhiét
do do, tbe do phan huy giam mot chut va dén khoang
615 °C lai tiép tuc mat khdi lwong manh (c6 thé do
qua trinh phan hity cia CNT) va cho dén 750 °C khdi
lwong mau khong doi va lic nay da bi mat di 81,52
%. Ciing tir nhitng két qua trén cho thay riang, ham
lwong nhém COOH va NH, duoc gan Ién bé mat
CNT chiém khoang 27,85 % khdi luong vat liéu.

3.2. Bién tinh bé mat CNT véi TESPT va PEG

So dd chirc hoa bé mat CNT dugc md ta trén
hinh 5.

NH2/H>,0O —NH; socl —NH;

RARYA I

0 —COOH e —cocl

80°C/sh DMF/70°C/24h
, : N PEG
ACH)SIOCHs)s o oy s/ (CH2)3SI(OH)s l lbenzen/THF
R 0 4 80°C/40h
NaOH 10%/50°C, 2h N .

(CH)5Si(0CHe)s : (CHy)sSi(OH);
_NH2 - NH2
—CO-TESPT — CO-PEG

Hinh 5: So d6 bién tinh bé mat CNT bang phan @ng este hoa Fischer

3.2.1. Xdc dinh cdu trdc cua vdt liu

Céu triic cua vat liéu tong hop duoc, duoc Xéc
dinh bang phuong phap quang pho hong ngoai. Trén
hinh 6 1a pho IR cia CNT-CO-TESPT va CNT-CO-
PEG.

Nhan thay rang, trén phé IR cia CNT-CO-
TESPT (hinh 6a) xuat hién pic 876 cm™ va 1030 cm™
dic trung cho dao dong hda tri va bién dang cua lién
két Si-O. Ngoai ra van xuit hién cac pic dic trung
ciia nhom C=0 este thom ¢ 1715-1750 cm™, pic
1406 cm™ dic trung cho lién két N-H trong nhém
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NH,, pic 3410 cm™ dic trung nhom OH & cudi mach
cia CNT-CO-PEG (hinh 6b) c6 pic 3254 cm™ dic
trung cho dao dong cia nhém OH & cudi mach
CNT-COO-(CH,-CH,),-OH, pic 3524 cm™ va 1558
cm™ biéu thi tin hiéu cia nhém N-H, pic 1715 cm™

il
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Nghién cizu bién tinh bé mgt ong...

cuong d6 manh 1a tin hiéu cia nhém C=0 este. Phd
IR cia CNT-CO-PEG ciing xuat hién pic 1038 cm™
dugc gan cho nhom C-O trong PEG, hai pic 2835
em™ va 3019 cm™ dic trung cho dao dong ddi xing
va phan ddi xang cua lién két C-H trong PEG.
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Hinh 6: Phd IR ciia CNT-CO-TESPT () va CNT-CO-PEG (b)

3.2.2. Ham luong nhom CO-PEG va nhém
CO-TESPT ghép I1én CNT

Ham luong nhdém CO-PEG va nhdm CO-TESPT

ghép Ién bé mit CNT ciing duoc xac dinh béng
phuong phép phan tich nhiét trong lugng (TGA). Keét
gua phan tich thu dugc, dugc thé hién trén bang 2.

Bang 2: Két qua phan tich TGA ciia CNT-CO-PEG va CNT- CO-TESPT

Mau vat liéu Nhiét do bat diu | Nhiét do phan hay | Nhiét do phan hay | Tén hao khéi lugng
phan hay (°C) | manhnhét1 (°C) | manhnhit2 (°C) | dén 750 °C (%)
CNT 500 577 - 53,67
CNT-CO-PEG 400 443 607 78,52
CNT- CO-TESPT 400 441 687 56,96

Sy phan hiy nhiét caa CNT-CO-PEG bit dau
khoang 400 °C va dat cuc dai tai 443 °C kéo dai cho
dén 607 °C, sau d6 toc do giam dan cho toi khi dat
dén 750 °C khong con tén hao khéi luong, luc nay
muc d ton hao khéi lugng khoang 78,52 %, c6 thé
tinh toan so bd ham luwgng nhém chic CO-PEG
dugc gan 18n bé mat CNT tuong (ng khoang 24,85
%. Tur két qua phan tich nhiét trong lwong ciia mau
CNT-CO-TESPT cho thiy, vat liéu nay bit dau bi
phan huy ¢ khoang 395 °C va xay ra manh tai 441
°C kéo dai cho dén 687 °C. Nhiét do bat dau phan
hily thap ciing nhu cuc dai phan hay dau tién thap 1a
cta c&c nhém hitu co gin trén bé miat CNT ciing nhu
nhitng thanh phan cau tric kém chat ché cua CNT
bat dau phan hily. Sy phan huy twong tng caa nhom
amin va tach loai nguyén tu Iuu huynh theo phan
ung:

(CNT-COO0)3Si(CH,)3S4(CH,)sSi(OH)s —C_
(CNT-COO0);Si(CH,)3SH [6]

Tiép theo d6 1a qua trinh phan hay cua CNT
cling nhitng thanh phan bén nhiét cua né. Qué trinh
kéo dai cho dén khoang 750 °C thi khéi lugng khdng
thay ddi nira, tai nhiét do nay ton hao khéi luong cua
toan mau 1a 56,96 %, nhu vy c0 thé tinh toan so bd
ham lugng nhém CO-TESPT ghép 1én bé mat CNT
khoang 3,29 %.

4. KET LUAN

- V6i phan ung oxi héa bang H,0,/NH; trong 5
gio & 80 °C da gin duoc khoang 27,85 % céc nhom
COOH va NH; Ién bé mat CNT.

- Bang phan ung este hoa Fischer da ghép dugc
TESPT hoic PEG lén bé mat CNT da oxi héa voi
ham luong twong tng khoang 24,85 % va 3,29 %.

- CNT duoc gan cac nhém hiru co trén c6 thé dé
dang phan tan trong nén mot s6 polyme néi chung
va cao su ndi riéng dé ché tao ra cac loai cao su-
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CNT nanocompozit. 3.

Loi cam on. Nghién ciu ndy duwoc tai tro boi Quy
Phat trien khoa hoc va cong nghé Quoc gia
(Nafosted) de tai ma so 104.02-2014.90. 4.
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