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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.

- M3 DAU

Trong vadi nim gin day, cong ngh¢ ling
dong héa hoc tir pha hai (Chemical Vapour
Deposition - CVD) dugc phat trién rdt manh dé
tao ra nhiéu loai vat lieu nano ¢ cdc dic tinh
khdc nhau [1, 2] nhu: vat liéu nano cdc dang:
I6p méng (nanofilm), dang 6ng (nanotube),
dang cau (fullerene)...[3, 4].

Dac biét vat liéu nano pyrographit cd ty
trong cao, dic sit duge tdng hop theo cong nghé
CVD ¢6 nhiéu wu diém néi bat: chiu nhiét do
cao, bén xdi mop bdi ddng khi nhiét do cao nén
dugc sit dung trong nhiéu chi tiét quan trong cla
nganh hang khong vii tru [5] chiu duge ma sat
clia khi quyén cling nhu tiép xdc vdi ludng lira

OH

-=--A

(n+2)H+—

phut.

Két qua bude dau nghién ctu ctia ching toi
vé qud trinh CVD hat nano cacbon tir pha hoi
vao vit liéu graphit x0p, s& gdp phin tao ra vit
ligu pyrographit ty trong cao, dic sit dé ch€ tao
vét ligu dac ching chiu duge nhiét do cao, bén
x6i mon nhiét thudng duge si dung trong ky
thuat ché tao céc khi cu bay.

IT - PHUONG PHAP NGHIEN CUU
1. Phai liéu dau
Bot graphit min, duge tao ra tir thot dién cuc
graphit, két khoi bing nhua phenolfocmandehit

dugc 1éng hop tir phenol (P), formalin (37%) va
axit clohydric (P) theo phuong trinh phan ung:

t, xt, H

\\‘ pH= 23ﬂ©

+ (n+1) H20

Trong d6, n =4 - 8, ch4 déng ran sir dung 1a urotropin. Mu graphit x6p duge gia cOng trén may ép

thuy [uc 40 tan [6].
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2. Hé théng CVD

Qud trinh CVD duge thuc hién & nhiét 4o
cao (800 + 1000°C) véi hé di thé rédn - khi:
graphit - khi (butan, propan - argon) trong th&i
gian 7 h. Mau graphit duge ché tao & nhiét do
165 + 170°C trong thai gian 40 ph tir bot graphit
c6 kich thuée hat khiac nhau vd haim luong keo
két khai khdc nhau, Trude khi CVD mau duge
phan hiy nhi¢t (PHN) trong méi trudng argon
tai 1000°C vé&i thai gian 2 h (xem bdng 2). Khi
CVD diéu chinh luu lugng khi véi toe do khong
ddi: 5m ml/ph [6].

3. Xéc dinh ty trong va cic dang do xdp
Ty trong va cdc dang d6 xdp nhu xOp kin,

x6p hé duge xdc dinh bang can thiy tinh [7] va
tinh theo céc cong thic:

- Thé tich x6p hd (nudc chiém chd):
Vnu_c‘yc = dep by = (de - GO)/pn ij
- Thé tich thuc cha mu ¢ong x6p kin:
Vi =(Go - Grr)/p,cm’
- Thé tich t6ng cha mau:
Veng= Viopns + Vi cm’
- Ty trong biéu kién chia miu:
pbk = GU NTdng G/Cﬂ]3

Vxép hd

-Do x6p ho: g = x 100, %

tdng
- D6 x6p thue (x6p téng) clia mAiu:
Cung = 100 —E¥—

pgraphit

x 100, %

- b6 x6p kin:
Eun = Eléng - Chap %

Trong dé:

G, 12 trong lugng mau khé can trong khong
khi, G; G;, 1a trong luong miu 4m (ngam
thdm bao hoa nudc cét) can trong khong khi,
G (Gyn > G, do ¢6 nutde thdm vao 16 x6p hd);
Gy 1a trong lugng méu cin trong nudc cdt,
G; (G < Gy < Gy, do 6 luc ddy Acsimét
bing trong lugng nudc ma thé tich miu
chodng chd); p 1a ty trong thuc cha mauy,
Glem’ (Pyrypun = 2,265 G/em®); p, 1 ty trong
nuée ¢t & nhiét do thi nghiem, G/em?® (p, 15 =
09991 G/lem® ~ 1,0 G/em®).

4, Phuong phip hién vi dién tir quét (SEM)

D43 sur dung t6 hgp thiét bi hién vi dién tit
quét  JSM-5410LV ~ Scanning microscope
JEOL(M§) cua Pai hoc Qubc gia Ha Noi dé
chup SEM phan tich vi cfu triic cla vat liéu theo
vét cét va trén bé mat (khi khong duge phép pha
huy miu).

5. Phuong phap hiap phu phan tich cdu tric
vat liéu

Cau tnic x6p cha vat lidu duge xdc dinh theo
phuong phdp hidp phu bing hé théng mdy
NOVA 2200 (M¥) tai Vién Héa hoc - Vit liéu
v6i cdc thong s6 vé bé mat rieng, dudmg ding
nthiét hip phu, kich thudc 16 trung binh clia vat
ligu.

111 - KET QUA VA THAO LUAN

1. Ty trong va do xop

Ba loai bot graphit sau khi tuyén 30 giay, 15
giay vi tho con lai sau khi tuyén. cé kich thudc
qua khdo sit irén kinh hién vi dién tr quét
(SEM) dugc trinh bay trén bang 1.

Bdng 1: Kich thudc hat graphit va ty trong clia mdu phoi ban ddu trude khi PHN

Thong so . . 3
Mau Kich thudce hat trung binh, pm Ty trong, G/cm
Mau hat tuyén 30s 76,7 2,035
Maiu hat tuyén 15s 92,6 2,019
M4iu hat tho 124 1,955

Say khi ép tao hinh cdc mau tir 3 loai bot
graphit néi trén vdi ham lugng nhwa (bing 2) va

4p luc ép tao phéi nhur nhau (2000 kG/cm?), di
tién hanh Khao sdt ty trong biéu kién cla méiu.
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Cic két qua dugc biéu thi trén d6 thi (hinh 1) va
trong bang 1 va 2. T két qua trén nhan thay
ring, kich thudc hat cing nho thi mau sau khi ép
¢ ty trong cang cao, diéu nay 1a hgp ly bai vi
mdu hat nhé khi ép s& dac khit hon.

Sau khi ép, phan huy nhiét (PHN) va CVD
cac dac tinh co ban nhu ty trong, d§ x&p ho, do
x6p kin cla cdc miu thi nghiém dugc trinh
trong bang 2 va hinh 1.

Tir bang 2 va hinh I, ta nhan thdy sau khi
phan huy nhiét ty trong cia cdc méiu gidm dédng

ké, do duéi tic dung cla nhiét do cao
(~ 1000°C), keo két khoi trong miu bi phan hiy
chi cdn 1ai cacbon dé tao ra cdc 16 x6p méi. Sau
khi CVD, do xp hd cita cdc miu giam di 6 rét,
déng thoi ty trong clia mau ciing tang 1én do cac
hat cacbon duge phan hity tir pha khi ling dong
vao cdc 16 x8p clia méiu va 1dp ddy bing cdc cic
hat cacbon kich thudc nano do dé d¢ x6p kin
ciing tang lén. Diéu nay duoc ki€ém ching rd
rang hon qua két quéa anh chup kinh hién vi dién
tr quét ciia cac mau nghién citu (hinh 2).

Bang 2: Nhitng dic tinh ¢o ban clia cdc miu nghién ciu

Pic tinh Mau s6 1° Méu 56 2 Mau 56 3 Mau s6 4

' PHN | CVD | PHN | CVD | PHN | CVD | PHN | CVD

Kich thugc hat trung binh, ym | 76,7 | 76,7 | 92,6 | 92,6 | 124 | 124 | 92,6 | 926

“Ham lugng keo két khéi, %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

b6 x6p ho, % 732 | 1,12 | 7,17 | 0,84 | 11,23 | 1,58 | 15,04 | 4,68

bo xép kin, % 901 | 14,16 | 979 [ 1501 { 7,66 16,74 544 | 10,73

Do x6p tong, % 16,33 | 1528 | 16,96 | 15,85 | 18,89 | 18,32 ] 20,48 | 15,41
Ty tng, — 005 Két qua trén bang 2 ciing cho thdy miu s6 2

T e e 30

50 75 100 125

Hink I: Ty trong (diém den), do x6p (diém
tring) ctia cdc méu phy thudce vao kich thude hat
phéi liéu graphit ban dau (Luc ép phoi: 2000
atm, nhiét d6 déng rin: 165 - 170°C, nhiét do
PHN: 1000°C, thdi gian phan huy nhiét: 2h,
nhiét do CVD: 800°C, thoi gian CVD: 7h).
® va 0: Sau khi ép; o va &: Sau khi PHN;
m va 0O: Sau khi CVD )

Kich thutic hat
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va mau s0 4 véi cling kich thude trung binh nhu
nhau (92,6 pm) nhung thanh phdn nhua khic
nhau (9,16% va 4,80%) da tao ra lugng 16 x8p
hé khdc nhau. Mic du ty trong sau khi phan hay
nhiét cia miu s6 4 (1,801 G/cm®) nhd hon so
véi ty trong cia miu sO 2 sau khi PHN (1,881
G/cm®) nhimg miu s6 4 sau khi PHN ¢6 do xdp
hé (15,04%) cao hon so vdi do x0p hd cia mau
2 sau khi PHN (7,17%). Do vay sau khi CVD,
mau s6 4 ¢é ty trong cao hon so vdi mau s6 2 vi
lugng hat cacbon nano ling dong vio trong
khong gian 16 x8p hd nhi€u hon. Tuy nhién
lugng nhua ké&t dinh khong thé gidm xudng qud
thdp, vi nhu vdy s& anh hudng dén d6 chic dic
cla mau khi ép.

2. Xdc dinh kich thuéc bing kinh hién vi dién
tir quét

Sau khi PHN va qua CVD mau dugc quan

sat trén kinh hién vi dién tir quét v6i anh SEM

cia miu s6 1 vd mau s6 4 duge trinh bay trén



hinh 2.

Trén hinh 2 ta thdy 1o miu la va 4a sau khi
PHN rdt x6p, kich thudc 16 x6p rong khoang
180 — 200 nm. Anh SEM ciia miu qua CVD
(hinh 1b va 4b) cho thdy r0 cic 16 x8p co ban da

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

3. Két qua phuong phéap hap phu phan tich cdu triic mau vat liéu

duge dién kin bdi cdc hat cacbon ling dong tir

hoi héa hoc, céc hat cacbon trén bé mat ¢6 kich
thudc khoang 120 — 130 nm. Két qua nay da
minh chimg tinh ding din cia cdc két qua trén
bang 2 va dé thi trén hinh 1.

Cdc thong s6 nhur dién tich bé mit riéng, dudng kinh 16 trung binh clta mau 1 va mau 4 duge

trinh bay trén bang 3.

Bdng 3: Két qua phan tich bé mat bing phuong phép hap phu

Miu Senr, Mg dyx. NM
Miu s6 1 sau khi PHN 34,2756 23,2390
Ma3u s& 1 sau khi CVD 14,3722 2,9681
MaAiu s& 4 sau khi PHN 28,9772 22,4020
Mau s6 4 sau khi CVD 8,8827 4,9543
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Két qua bang 3 cho thdy, dién tich bé mat
rieng cla miu sau CVD nho hon nhiéu so véi
dién tich bé mit riéng cha mau sau khi PHN va
dudng kinh 16 trung binh cia mau CVD ciing
nhd hon dudmg kinh 16 trung binh cia mau
PHN. Két qua trén hoan toan phili hgp vdi cic
két qua ctia phuong phédp kinh hién vi dién tir
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quét, vi cdc 16 x&p clia miu CVD da bi 14p ddy
bdi cdc hat cacbon nano ling dong tir pha khi.
Dién tich bé mat riéng clia mau sau CVD chiing
minh rdng vat liéu nanopyrographit ché luyén
dugc 1a vat liéu dac sit [5]. Diéu nay dugc thé
hién rd thém trén gian d6 hip phu va giai hdp
phu cia miu CVD vd miu PHN (hink 3).
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Hinh 3: Pudng ding nhiét hdp phu ciia miu 1: (a) PHN, (b) CVD

So sdnh hai gian dé trén hinh 3 ta nhan thiy
ring, miu PHN vin x&p nén dudng hap phu
déng nhiét c6 dang ding theo cdc dinh luat hap
phu, dudng hap phu va dudng giai hip phu gin
nhau, trong khi dé, dudng hip phu ding nhiét
ciia miu CVD thi lai ¢6 dang hoan toan khdc.
Sau khi qud trinh hdp phu két thiic, qud trinh
giai hap phu khoéng dién ra nhu trong mau PHN,
viing tré trén dudng giai hap phu rdt dai, chat
hap phu thoét ra khoi miu rat khé khan. Diéu
ndy c6 nghia 1a cdc 16 mao quan trén miu CVD
¢ dudng kinh rat nhd nén dp sudt hoi trén mao
quan nho, do d6é khi gidm gia tri P/P, ciing
khong kéo dugc chit hidp phu ra khdi 16 mao
quan, dudng giai hap phu c¢6 dang gan nhu la
nim ngang, chimg t&6 ring miu CVD
nanopyrographit sit chat,

1V - KET LUAN
Cong nghé¢ lang dong héa hoc (CVD)
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cacbon phan hiy tir pha hoi duoc sit dung dé tao
ra vat liéu nanopyrographit ¢ 4o dic sit cao s&
cho cic dac tinh dadc biét cho vat liéu. Phuong
phédp kinh hién vi dién tir quét di cho thay rd
kich thudc cdc hat cacbon trén 16 x6p, kich
thudce 16 x6p cha vat liéu phoi graphit ban dau,
sau khi phan hiy nhiét va sau CVD, Cic két qua
thu dugce tir phirong phap hdp phu phan tich ciu
triic x6p bing thiét bi NOVA ciing minh chimg
thém diéu nay. Cic nghién citu da ching 16 vat
liéu nanopyrographit dac sit da dugc ché tao va
hita hen m& rong pham vi tmg dung trong thuc
tién,
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