Tap chi Héa hoc,T.45 (5),Tr.536 - 541, 2007
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VAT LIEU GRAPHIT LO XOP NANOMET TAO PYROGRAPHIT
TY TRONG CAO
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SUMMARY

Chemical vapour depostion technology has been used for the system including: spongy
graphite, propane-butane and argon at the temperature of 800°C. After the CVD the condensed

material: nanopyrographite was well synthetized.

- MG DAU

Trong vai nam gan day, cong nghé lang
dong hdéa hoc tur pha hoi (Chemical Vapour
Deposition - CVD) dugc phat trién rat manh dé
tao ra nhi€u loai vat liéu nano c6 cdc dac tinh
khac nhau [1, 2] nhu: vat liéu nano cic dang:
16p mong (nanofilm), dang oOng (nanotube),
dang cau (fullerene)...[3, 4].

Pac biét vat lieu nano pyrographit c6 ty
trong cao, dic sit dugc téng hop theo cong nghé
CVD c6 nhiéu wu diém ndéi bat: chiu nhiét do
cao, bén x6i mon bdi dong khi nhiét do cao nén
dugc str dung trong nhiéu chi tiét quan trong ctia
nganh hang khong vii tru [5] chiu dugc ma sat
cta khi quyén ciing nhu ti€p xtic v6i ludng lira

OH

phut.

Két qua budc dau nghién citu clia ching toi
vé qua trinh CVD hat nano cacbon tir pha hoi
vao vat liéu graphit xop, s€ gép phan tao ra vat
liéu pyrographit ty trong cao, dac sit dé ché tao
vat liéu dac chung chiu dugc nhiét do cao, bén
x6i mon nhiét thuong dugc st dung trong ky
thuat ch€ tao cac khi cu bay.

I1 - PHUONG PHAP NGHIEN CUU

1. Phdi liéu dau

Bot graphit min, duoc tao ra tir thoi dién cuc
graphit, két khoi bang nhua phenolfocmandehit
duoc téng hop tir phenol (P), formalin (37%) va
axit clohydric (P) theo phuong trinh phan tng:

t, xt, H

\ pH = zaﬂ@

+ (nt+1) H20

Trong d6, n =4 - 8, chit dong ran st dung 1 urotropin. Mau graphit xop dugc gia cong trén mdy ép

thuy luc 40 tan [6].
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2. Hé thong CVD

Qud trinh CVD dugc thuc hién & nhiét do
cao (800 + 1000°C) v6i hé di thé rdn - khi:
graphit - khi (butan, propan - argon) trong thoi
gian 7 h. Mau graphit dugc ché tao & nhiét do
165 + 170°C trong thoi gian 40 ph tit bot graphit
c6 kich thuéc hat khac nhau va ham luong keo
két khoi khac nhau. Truéc khi CVD méau duoc
phan hiy nhiét (PHN) trong moi truong argon
tai 1000°C véi thoi gian 2 h (xem bang 2). Khi
CVD diéu chinh luu lugng khi véi téc do khong
déi: 5m ml/ph [6].

3. Xac dinh ty trong va cac dang do xop

Ty trong va cdc dang d6 x6p nhu x6p kin,
x0p hd dugc xdc dinh bang can thuy tinh [7] va
tinh theo cac cong thiic:

- Thé tich x6p h& (nuéc chiém chd):
Vnuéc = Vx()’p hé = (Gém € GO)/pn Cm3
- Thé tich thuc clia mau cong x6p kin:
Vi = (G, - Grp)/p, cm’
- Thé tich t6ng clia mau:
VTdng = Vx6p ne t VK Cm3
- Ty trong biéu kién ctia mau:
Pok = Go/V 160 G/ cm’

V...
Ixépho o 100, %
téng

- Do x6p thuc (x0p tong) clia mau:

- Do x6p ho: g, =

€= 100 —DB—

p graphit

% 100, %

- bo x6p kin:
€xin = eténg - €Eho %

Trong do:

G, la trong lugng méau kho can trong khong
khi, G; G, la trong luong miu 4m (ngam
thd&m bao hoa nudc cat) can trong khong khi,
G (G, > G, do ¢6 nudc thadm vao 16 x&p ho);
Gyt 1a trong lugng mau can trong nudc cat,
G; (Gt < Gy < Gy, do c6 luc ddy Acsimét
bing trong luong nuéc ma thé tich mau
chodng chd); p la ty trong thuc ctia mau,
G/em® (Pyopni = 2,265 G/em’); p, 1a ty trong
nude cat & nhiét do thi nghiem, G/em® (p,, 1ssc =
0,9991 G/em’® = 1,0 G/em’).

4. Phuong phap hién vi dién tir quét (SEM)

D3 sur dung t6 hop thiét bi hién vi dién tir
quét JSM-5410LV  Scanning microscope
JEOL(MY¥) cua Pai hoc Quoc gia Ha Noi dé
chup SEM phan tich vi cau tric cta vat liéu theo
vét cat va trén bé mat (khi khong duoc phép phd
huy mau).

5. Phuong phap hap phu phan tich cau tric

vat liéu

CAu trdc x0p cua vt lieu duogc xac dinh theo
phuong phdp hap phu bing hé thong may
NOVA 2200 (My) tai Vién Héa hoc - Vat lieu
Vv6i cac thong s6 vé bé mat rieng, dudng dang
nhiét hdp phu, kich thuGc 16 trung binh cta vat
ligu.

I - KET QUA VA THAO LUAN

1. Ty trong va do xop

Ba loai bot graphit sau khi tuyén 30 giay, 15
gidy va tho con lai sau khi tuyén. c6 kich thudc
qua khao st trén kinh hién vi dién tir quét
(SEM) dugc trinh bay trén bang 1.

Bdng 1: Kich thudc hat graphit va ty trong ciia mau phoi ban dau truée khi PHN

Thong s6 , 3
M3 Kich thuéc hat trung binh, pm Ty trong, G/cm
au
MAu hat tuyén 30s 76,7 2,035
MAu hat tuyén 15s 92.6 2,019
Mau hat tho 124 1,955

Sau khi ép tao hinh cdc méu tir 3 loai bot
graphit n6i trén v6i ham luong nhua (bang 2) va

ap luc ép tao phoi nhu nhau (2000 kG/cm?®), da
tién hanh khdo sat ty trong biéu kién clia mau.
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Cic két qua dugc biéu thi trén d6 thi (hinh 1) va
trong bang 1 va 2. Tur két qua trén nhan thay
rang, kich thuéc hat cang nhé thi mau sau khi ép
c6 ty trong cang cao, di€u nay la hop 1y boi vi
mau hat nho khi ép s€ dac khit hon.

Sau khi ép, phan huy nhiét (PHN) va CVD
céc dac tinh co ban nhu ty trong, do x6p hd, do
x0p kin cua cdc mau thi nghiém dugc trinh
trong bang 2 va hinh 1.

Tt bang 2 va hinh 1, ta nhan thdy sau khi
phan huy nhiét ty trong ctia cdc mau giam dang

ké, do du6i tic dung cua nhiét do cao
(~ 1000°C), keo két khoi trong mau bi phan hiy
chi con lai cacbon dé tao ra cdc 16 x6p mdi. Sau
khi CVD, d6 x6p hd cua cac mau giam di 1o rét,
dong thoi ty trong ctia mau ciing tang lén do cac
hat cacbon duoc phan huy tir pha khi lang dong
vao céc 16 x0p ctia mau va 1ap day bang cdc céac
hat cacbon kich thudc nano do d6 do x6p kin
ciing tang lén. Piéu nay dugc kiém ching rd
rang hon qua két qua anh chup kinh hién vi dién
tir quét ctia cic mau nghién ciu (hinh 2).

Bdng 2: Nhiing dac tinh co ban cua cdc mau nghién citu

Bic tinh Mau s6 1 Mau s6 2 Mau s6 3 Mau s6 4
ac tin
’ PHN | CVD | PHN | CVD | PHN | CVD | PHN | CVD
Kich thudc hat trung binh, um | 76,7 | 76,7 | 92,6 | 92,6 | 124 | 124 | 92,6 | 92,6
Ham lugng keo két khoi, %KL | 9,16 9,16 9,16 | 9,16 | 9,16 | 9,16 | 4,80 | 4,80
Ty trong biéu kién, G/cm’ 1,895 | 1,919 | 1,881 | 1,906 | 1,837 | 1,850 | 1,801 | 1,916
Do x6p hd, % 7,32 | 1,12 | 7,17 | 0,84 | 11,23 | 1,58 | 15,04 | 4,68
Do xop kin, % 9,01 | 14,16 | 9,79 | 15,01 | 7,66 | 16,74 | 544 | 10,73
Do xop tong, % 16,33 | 15,28 | 16,96 | 15,85 | 18,89 | 18,32 | 20,48 | 15,41
Ty trong 8030 K&t qua trén bang 2 ciing cho thdy mau s6 2
¢ \“\ va méu s6 4 véi cung kich thudc trung binh nhu
D T ety S e 30 nhau (92,6 pm) nhung thanh phan nhua khic
nhau (9,16% va 4,80%) da tao ra lugng 16 xop
h& khac nhau. Mac du ty trong sau khi phan huy
____________ e N R nhiét ctia miu s6 4 (1,801 G/cm’) nhd hon so
19 :> VGi ty trong ctia mau so 2 sau khi PHN (1,881
= G/cm’) nhung méu s6 4 sau khi PHN c6 do x6p
hd (15,04%) cao hon so v6i do x0p hd cua mau
o :
Ll At I 10 2 sau khi PHN (7,17%). Do vay sau khi CVD,
mau s6 4 c6 ty trong cao hon so v6i mau s6 2 vi
luong hat cacbon nano ling dong vao trong
khong gian 16 x6p hd nhiéu hon. Tuy nhién

50 75 100 125 Kich thuéc ha'

Hinh 1: Ty trong (diém den), do xop (diém
trang) clia cdc mau phu thudc vao kich thude hat
phoi liéu graphit ban dau (Luc ép phoi: 2000
atm, nhiét do déng ran: 165 - 170°C, nhiét do
PHN: 1000°C, thoi gian phan huy nhiét: 2h,
nhiét do CVD: 800°C, thoi gian CVD: 7h).

® va o: Sau khi ép; o va A: Sau khi PHN;

m va O: Sau khi CVD
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luong nhua két dinh khong thé giam xu6ng qua
thap, vi nhu vay sé anh hudng dén do chéc dic
clia mau khi ép.
2. X4c dinh kich thuéc bang kinh hién vi dién
tur quét

Sau khi PHN va qua CVD mau dugc quan
sat trén kinh hién vi dién tr quét v6i anh SEM
ctla mau s6 1 va mau s6 4 dugc trinh bay trén



hinh 2.

Trén hinh 2 ta thdy r6 mau la va 4a sau khi
PHN rat xop, kich thudc 16 x6p rong khoang
180 é 200 nm. Anh SEM ctia miu qua CVD
(hinh 1b va 4b) cho thdy rd cdc 16 x6p co ban da

dugc dién kin boi cdc hat cacbon ldng dong tir
hoi héa hoc, cdc hat cacbon trén bé mat c6 kich
thudc khoang 120 é 130 nm. Két qua nay da
minh chiing tinh ding din cua cdc két qua trén
bang 2 va do thi trén hinh 1.

L

Hinh 2: Anh SEM clia mau s6 1 va s6 4 (a) sau PHN, (b) sau CVD

3. Két qua phuong phap hap phu phan tich c4u tric mau vat liéu

Céc thong s6 nhu dién tich bé mat riéng, duong kinh 16 trung binh clia mau 1 va mau 4 duoc

trinh bay trén bang 3.

Bdng 3: Két qua phan tich bé mat bang phuong phap hap phu

MAu Sevr> MY/g d, x, nm
MaAu s6 1 sau khi PHN 34,2756 23,2390
MaAu s6 1 sau khi CVD 14,3722 2,9681
MaAu s6 4 sau khi PHN 28,9772 22.4020
MaAu s6 4 sau khi CVD 8,8827 4.9543
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Két qua bang 3 cho thdy, dién tich bé mat
riéeng cua mau sau CVD nhd hon nhiéu so véi
dién tich bé mat riéng cia mau sau khi PHN va
duong kinh 16 trung binh ciia mdu CVD ciing
nhé hon duong kinh 16 trung binh cta mau
PHN. Két qua trén hoan toan phu hop véi cic
két qua cha phuong phdp kinh hién vi dién tir

Lsotherm {Adsorption/Diesarption)

030

Volune Adsorbed (@519 ooy

0000 000 0200 0300 0400 0500 0.600 0700 0800 0900 1000
Pito

quét, vi céc 16 x6p cua mau CVD da bi 1ap day
boi cdc hat cacbon nano lang dong tir pha khi.
Dién tich bé mat riéng ctia mau sau CVD ching
minh ring vat liéu nanopyrographit ché luyén
duoc 1a vat liéu dac sit [5]. Diéu nay duoc thé
hién ro thém trén gian do hap phu va giai hap
phu cua mau CVD va miu PHN (hinh 3).

Tsothenm (Adsormiion Desarption)
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Hinh 3: Puong dang nhiét hap phu cia méu 1: (a) PHN, (b) CVD

So sanh hai gian d6 trén hinh 3 ta nhan thay
rang, mdu PHN van x6p nén dudng hdp phu
déng nhiét c6 dang ding theo cdc dinh luat hap
phu, duong hdp phu va duong giai hap phu gan
nhau, trong khi dé, dudong hap phu dang nhiét
ctia miu CVD thi lai ¢6 dang hoan toan khéc.
Sau khi qué trinh hip phu két thiic, qua trinh
giai hap phu khong dién ra nhu trong mau PHN,
vung tré trén duong gidi hap phu rat dai, chat
hap phu thoét ra khoi mau rat khé khan. Dicu
nay c6 nghia la cdc 16 mao quan trén mau CVD
c6 dudng kinh rat nho nén 4p suét hoi trén mao
quan nho, do d6 khi giam gia tri P/P, ciing
khong kéo dugc chédt hdp phu ra khoi 16 mao
quan, duong giai hap phu c¢6 dang gan nhu la
nim ngang, ching t6 rang miu CVD
nanopyrographit sit chat.

IV - KET LUAN
Cong nghé lang dong héa hoc (CVD)
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cacbon phan hiy tir pha hoi duoc sir dung dé tao
ra vat liéu nanopyrographit c6 do dac sit cao s&
cho céc dac tinh dac biét cho vat liéu. Phuong
phdp kinh hién vi dién tir quét da cho thdy rd
kich thudc cdc hat cacbon trén 16 x6p, kich
thudc 16 x0p cta vat liéu phoi graphit ban dau,
sau khi phan hiy nhiét va sau CVD. Cac két qua
thu dugc tir phuong phap hap phu phan tich ciu
tric xOp bang thi€t bi NOVA ciing minh ching
thém diéu nay. C4c nghién ctu da chiing to vat
liéu nanopyrographit dac sit dd dugc ché tao va
htta hen mé& rong pham vi Gng dung trong thuc
tién.
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