Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 22/ sé 1 (Pdac biét)/ 2017

SU TU NEN CUA CARBON ONIONS DUOI TAC DUNG CUA CHUM PIEN TU

Pén toda sogn 05/12/2016

Lé Thanh Cwong
Khoa Khoa hoc Co bdn, Dai hoc Cong Nghiép Viét Tri
Nguyén Pire Diing, Ta Quéc Tuan, Pham Thanh Huy
Vién Tién tién Khoa hoc va Cong nghé (41ST), Pai hoc Bach Khoa Ha Ngi
Ngb Ngoc Ha
Vién Dao tao Quac té vé Khoa hoc Vit liéu (ITIMS), Pai hoc Bach Khoa Ha Ngi

SUMMARY

SELF-COMPRESSION OF THE CARBON ONIONS UNDER
ELECTRON IRRADIATION

Diamond structures as well as the Iron carbide compound is the special structures, hardly

generated in normal conditions, they are formed in the extreme conditions, temperature
and pressure is very higher. However, under the effect of high energy electron beam
irradiation, Carbon onions structures are formed, they are self-compression constitute
Iron carbide structures and Diamond inside core, the process was observed by high
resolution transmission electron microscopy (HRTEM).
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1. MO DAU
Carbon 12 mot nguyén té phi kim c6 hoa

tri 4, mot trong nhitng nguyén té phd bién.

Carbon c6 nhiéu dang thd hinh khac nhau,
phé bién nhit Ia 3 dang thu hinh gdm
Carbon v6 dinh hinh, Graphit va Diamond
(Kim cuong). Sau nay, mot s6 cau trlic
Carbon kich thudc nano duoc phat hién,
nhu Fullerene, Nanotubes, Graphene,
Carbon onions. Trong d6, Carbon onions
la ciu tric kich thudc nano gdm céc 16p
Carbon cuon lai thanh cac mat cau dong

tdm, vaoi khoang cach gitra cac lop la
0,335 nm, chung dugc hinh thanh tu
Graphit duéi sy tdc dung cta chum dién
tir [1,2]. Vi cau tric nay thi tng suat kéo
do mdi 16p Carbon trong cau tric Carbon
onions gay ra co thé 1 rat 16n bai luc lién
két manh giita cac nguyén tir Carbon lién
két cong hoa tri trong 6 luc giac. Do do, &
bén trong ciu trdc gay nén mot ap suat
I6n do ng suat kéo mdi 16p gay ra, cang
vé phia tam cua Carbon onions thi &p suét
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cang tang lam cho khoang céch gitra cac
I6p giam dan vé phia 16i [3].

Diamond la c4u trac dic biét cia Carbon
mét trong nhitng chat cang nhit va kho
duoc tao ra nhét ching dugc hinh thanh
trong diéu kién cuc doan nhu trong 15 trai
dat hay trong ndi lta. Trong phong thi
nghiém, bang cac phuong tién ky thuat dé
tao ra sy chuyén pha tir Graphit sang
Diamond 13 rat khé thuc hién, doi hoi
diéu kién &p suat va nhiét do rat cao. Van
dé nay da duoc nghién cau ca vé ly thuyét
va thuc nghiém trong nhiéu thap ky, va da
duoc chitng minh bang thuc nghiém rang
qua trinh chuyén pha nay khéng thé thiéu
diéu kién &p suat cao [4]. Gan day rat
nhiéu bao céo vé sy tac dung cua chim
dién tir 1&n céc cau tric Carbon bing
HRTEM di duoc cong bb. Mot sb nghién
ctru chi ra rang doi voi ciu tric Carbon
onions khi tdc dung chum dién tir nang
luong cao, do &p suét caa cac 1op Graphit
gay ra trong I8i cau tric onions la rat 16n
va hinh thanh nén cau tric tinh thé
Diamond [1, 2, 5-7].

Céac hop chat Iron carbide (FexCy) bao
gom nhiéu cau trdc tinh thé khac nhau
nhu FeC, FesC, FesC, FesCy, FesCs
orthorhombic, Fe;Cz hexagonal...vv. Hop
chit Iron carbide duogc két tinh trong diéu
kién cuc doan ap suét va nhiét do rat cao
chung 1a thanh phan trong 15i trai dat.
Bauer-Grosse va cac dong nghiép sir dung
phuong phap Phin xa cathode lan dau
tién da quan sat duoc Su két tinh Fe:Cs
qua kinh hién vi dién ta truyén qua
(TEM) [8-10]. Sau d0, FesC3 kich thudc
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nano duoc tao ra bang ky thuat ap suat
cao [11-13] hodc bang cach cacbua héa
sit [14-16]. Trong qua trinh ché tao cac
dng nano Carbon ngudi ta sir dung x(c tac
Fe ciing da tim thay tinh thé cac hop chat
Iron carbide [17,18], cling nhu cic ciu
tric 16i vo cua lron carbide da duoc
nghién ctu [19,20]. Gan day cac hop chat
Iron carbide dugc quan tdm nghién ciru vi
nhiéu wng dung trong cdng nghiép do dic
tinh siéu bén va su hiéu biét cua con
ngudi V& hop chat nay con han ché.

Dudi tac dung chum dién tir Ién hdn hop
cac tinh thé nano kim loai va Graphit, cac
I6p Graphit bi cudn tron hinh thanh nén
Carbon onions. Mot sé kim loai nhu Fe,
Co, Ni... khong phan ung dang ké voi
Carbon sé bi cac lop Graphit cudn lai bao
boc, hinh thanh nén ciu trGc Carbon
onions boc tinh thé kim loai [21]. Trong
qua trinh chiéu xa bai chum dién tir c6 thé
gay ra su chuyén pha trong I8i cau tric
Carbon onions, hoic qué trinh lién két
kim loai ¢ phan 16i voi Carbon & 16p vo
hinh thanh hop chat Carbon. Mot sé bao
céo cho thay céac tinh thé kim loai chuyén
ra ngoai va cac lop vo Graphit dong tao ra
cau tric Carbon onions rdng [22].

Trong bao cao nay, chdng téi nghién cuu
su hinh thanh pha Diamond va pha hop
chét Iron carbide tinh thé dugc bao boc
bén trong cac I6p Carbon onions dudi Su
tac dung caa chum dién tir duoc ting toc
qua hiéu dién thé 200 kV, kich thich va
truyén ning lugng cho mot khdi vat liéu
ban dau & dang vo dinh hinh c6 chua Fe
va Carbon.



2. THUC NGHIEM

2.1. Nguyén liéu va hoa chat

Vit lieu ban dau la Carbon & dang
Graphit, duoc nghién va u nhiét trong coi
Wolfram trong 15 gio/750 °C. Trong qua
trinh nghién, ap suat duoc duy tri 300 kPa
boi qué trinh thdi khi néng Argon. Mot
lwgng nho cdc nguyén tor Fe cd trong
thanh phan caa cbi nghién da két hop voéi
cac nguyén tr Carbon, tir d6 hinh thanh
nén cadc mam dé co thé phat trién thanh
cau tric Iron carbide dudi sy kich thich
boi chum dién tir nang lugng cao.

2.2. Thiét bj

Thiét bi hién vi dién tr truyén qua phan
giai cao HRTEM Tecnai G2F20 dién thé
tang toc toi da toi 200 KV, ciing thiét bi do
phd tan sic ning luong tia X (EDX) gén
kém. hé dugc sir dung dé nghién ctu hinh
thai, cau tric cua hé vat liéu.

2.3. Phwong phap

Str dung phuong phap Phan tich cau trlic
tinh thé vat ran bang HRTEM, bang cach
do anh hién vi truyén qua phan giai cao,
cling voi phép do anh nhiéu xa dién tir
SAED cho phép phan tich cau tric tinh
thé cua vat liéu trong vang khong gian
nho téi vai chuc nano-mét mdi chiéu.
Phan mém phan tich va xua ly s liéu
Gatan DigitalMicrograph cua hang Gatan
duoc xir dung dé phan tich ciu tric tinh
thé théng qua cac phép phan tich trén anh
Fast Furrier Tranformation (FFT).

3. KET QUA VA THAO LUAN

Mau sau ché tao duoc tién hanh phan tich
thanh phan nguyén t6 c6 mat trong mau,
két qua thu duoc thanh phan hoéa hoc

trong mau chi gdm hai nguyén té C va Fe.
Mau sau d6 duoc quan sat boi hé HRTEM
cho thdy mot sé cau tric Carbon onions
duoc hinh thanh, clng véi cac tinh thé
hinh thanh trong 18i Carbon onions, chidng
dugc quan sat va phan tich cau tric chi
tiét dudi day.

3.1. Carbon onions bec tinh thé
Diamond va FesC

Anh HRTEM cho thay cau tric gém hai
phan chinh: Phan vé gdom nhiéu 16p
nguyeén tir cudn lai, vai khoang céch gitra
cac 16p do dugc la 3,35 A, gibng nhu
khoang cach gitra cac I6p Carbon trong
cau tric Graphit, day 1a khoang cach dic
trung gitra cac I6p Carbon trong cau tric
Carbon onions [2, 4, 23]. Phan 16i c6 cau
tric tinh thé, gébm hai tinh thé khac nhau,
tinh thé tha nhét c6 kich thuéc khoang 10
nm (vung gi¢i han bai hinh vudng 1 trén
Hinh 1-a), tinh thé thir hai c6 kich thudc
khoang 5 nm (vung gigi han bai hinh
vuodng 2 trén Hinh 1-a).

Phan tich ciu trGc ving tinh thé 1:
Khoang cach gitra cac mat tinh thé d =
2,06 A va goc tao boi hai mat nay Ia
109,5° cho thay day la tinh thé Diamond
cubic hudng [OT 1], trong d6 khoang céach
2,06 A ung voi cac mat (111) va (111),
két qua phan tich trinh bay trén Hinh 1-a,
Hinh 1-b va Bang 1.

Phan tich ciu trGc ving tinh thé 2:
Khoang céach giira cac mit tinh thé duoc
xéac dinh 12 3,75 A va 2,26 A, gdc tao boi
hai mat nay 1a 33,9 ° két qua nay cho thay
day 1a mat (011 ) va (002) cua ciu trdc
tinh thé FesC orthorhombic huéng [100],
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két qua phan tich duoc trinh bay trén
Hinh 1-a, Hinh 1-c va Bang 2.

Bang 1. Phan tich cdu tric cua tinh thé
Diamond cubic [24]

Khoang cach mat tinh thé Diamond
cubic

Mt dawy (A) denry (A)

(hkl) Cau truc Thyuc nghiém

(111) 2,06 2,06
2,06 2,06

(111)

GOc tao bai mat (111) va (111)
Cau trac Thuc nghiém
109,5° 109,5°

(@

Bang 2. Phan tich cdu tric cua tinh thé
FesC orthorhombic [25]

Khoang cach mit tinh thé FesC
orthorhombic

Mat d(r,]kl) (A) deniry (A)
(hkl) Cautrac  Thuc nghiém
(002) 2,260 2,26
(011) 3,752 3,75
GAc tao boi mat (002) va (011)
Cautrac  Thuc nghiém
339° 339°

§(®)  Diamon [011]

(c) Fe,C [100]

'& ‘X (002)
' R
S (011)

Hinh 1. (a)-anh HRTEM cdu tric Carbon onions bao boc bén trong 16i gom mgét tinh thé

Diamond [010] (vung gidi hgn béi hinh vudng 1) va tinh thé FesC (gisi han bgi hinh
vudng 2), (b)-anh FFT cua tinh thé Diamond, (c)-anh FFT cua tinh thé FesC

Nhu vay, dudi tac dung ctia chum dién tir
ning luong cao 200 keV, cau tric
Carbon onions da duoc hinh thanh va
boc bén trong né tinh thé Diamond va
tinh thé FesC, day 1a cac cau trlc tinh thé
kho duoc hinh thanh ¢ diéu kién thuong,
¢ day chung duoc hinh thanh bén trong
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cac lop Carbon cua cau tric Carbon
onions.

3.2. Carbon onions bec tinh thé FesCs
Anh HRTEM (Hinh 2-a) cho thay cau trtc
tinh thé cd 2 viing khéc nhau, viing céac 16p
v6 bao quanh va vung 18i ¢ cau tric tinh
thé. Khoang céch gitra cac 16p nguyén tir &



cac 16p vo bao quanh do duoc 1a 3,35 A,
gidong nhu khoang cach cac l6p nguyén
ter Carbon trong Graphit (doo2=3,35 A),
d6 1a khoang céch cac lop nguyén tir
Carbon dic trung cho ciu trGc Carbon
onions [2,4,23] (Hinh 2-a). Phan tich cau
trdc tinh thé trong 16i xac dinh duoc cac
khoang céch dna cua cac mit tinh thé,
sau d6 so sanh véi cau tric chuan (trinh
bay trong Bang 3) cho thiy day 1a ciu
tric tinh thé Fe;Cs orthorhombic theo
huéng [010]. Anh FFT cuaa ving 16i tinh
thé cho cac vét nhiu xa duoc xac dinh
cua cau tric FesCs orthorhombic hudng
[010] phén tich trén Hinh 2-b.

(2)

g&»°%“

P

Bang 3. Phan tich cdu tric cua tinh thé
Fe7Cs orthorhombic [26]

Khoang cach mat tinh thé Fe7Cs
orthorhombic

Mit
(hkl)
(002)
(101)

(101)
(103)
(004)
(200)
(202)
(006)

(20

deniy A deniy A

CAu trac Thuc
FesCs nghiém
5,971 5,97
4,244 4,24
4,244 4,24
2,994 2,98
2,986 2,98
2,270 2,27
2,122 2,13
1,990 1,99

(202) (2%0) 202 200

£ (103)
; (@01)’ (101)
Cﬁf (103)
\O

(105)

+_ (00:) (004) (006)

4006)(0.04)(002) o

4;’1‘& (105) (103) e (101)

Soh (202) (200) (202)

(103)

Hinh 2. (a)-Anh HRTEM cia cau tric Carbon onions boc tinh the Fe703, (b)-Anh FFT cua
viing tinh thé cho c&c vét nhiéu xa diroc xdc dinh cia cdu tric FesCs orthorhombic [010]

3.3. Carbon onions boc tinh thé FesC

Mot cdu tric Carbon onions véi khoang
cach gitra cac 16p nguyén tir Carbon dac

trung 3,35 A, boc bén trong 1a mét don

tinh thé duoc quan sat va phan tich trén
Hinh 3-a. Céu tric Carbon onions bao boc
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tinh thé duoc xac dinh 1a FesC, Voi céc
khoang cach dn giita cac mat tinh thé do
duoc 1a 1,93 A va 2,74 A tring véi cac

mat (002) va (011) cua FesC cubic hudng
[100]. Két qua phan tich anh FFT thé hién
trén Hinh 3-b va Bang 4.

anh FFT cho thdy cac vét nhiéu xa cia cac mat tinh thé FesC cubic theo hwéng [100]

Bdng 4. Phan tich cdu truc cua tinh thé
Fe4C cubic [27]

Khoang cach mit tinh thé Fe4C cubic
Mat dnry A diry A
(hkl) | Cau tric FesC | Thuc nghiém
(011) 2,74 2,74
011) 2,74 2,74
(002) 1,93 1,93
(002) 1,93 1,93

Céac cau triic Carbon onions duoc hinh
thanh dudi su tac dung cua chum dién tu
nang luong cao trong HRTEM, céac lop
Carbon cuon lai va c6 thé bao boc bén
trong né tinh thé Fe hoac Graphit. Su tu
nén cua cau tric Carbon onions gay ra ap
suit I6n bén trong 16i cing voi ning
luong 16n cung cap bai chum dién tir 1am
tang nhiét do tai vung quan sat, gitp hinh
thanh nén cac cau tric dic biét nhu
Diamond, FesC, FesC, FerCs.
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4. KET LUAN

Bang phuong phap quan sat tryc tiép trén
hién vi dién tir phan giai cao, qua trinh
hinh thanh cac tinh thé Diamond, FesC,
FesC, FesCs bén trong cac lop Carbon
onions dugc quan sat va phan tich chi
tiét. Do sy cung cép ning lugng cia
chum tia dién tor duoc ting toc qua hiéu
dién thé 200 kV, tir vat lidu kich thuéc
nano ban dau chira Fe va C d3 hinh thanh
nén cac Carbon onions. Sy tu nén cua
Carbon onions gay nén ap suat lén tao
diéu kién cho qua trinh hinh thanh cac
tinh thé Diamond va hop chit Iron
carbide bén trong I8i. Pay la két qua tha
vi cung cip thém thong tin vé sy hinh
thanh céc vat liéu hop chat Carbon, gop
phan cung cip kién thic cho cac qué
trinh ché tao cac vat liéu, dac biét Ia cac
vat liéu co cau trdc nano.
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