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TOM TAT

Bang cong ngh nghién ning hrong cao & dung Vat liéu SiQ, tir tro aia trédu cia théc lda,
SiO, véi kich thrdc hat khaang 50 nm (nano-Sig) da dugc ché tao. Khi thiéu Kt hdn hop nano-
SiO, va graphite (C) pin tng hoan toanab ra cacborun (SiC)athg kot min xay ra ti nhiét do
1550’C thoi gian 1 gb. San phim SiC ntin dugc c6do sach cao co thung ding lam ém ké,
gdi do trong céng ngh gom ar hay cac thanktét trong 10 nhét d6 cao.Visc phat hén SiC Kt
tinh hinh que khi s dung tbn hop nano-Si@ chira tip chit dé thiéu Kt goi md nhiing nghién
ctru msi nham cté tao vat ligu que nano Si@ng ding lam chip LED# ngaai hay \at liu t6 hop
nano polymer &h dién v6i nhirng tinh clt dién va quangtién tir noi troi.

Tir khéa:nghién ning lrong cao, thiéu &, nano Si@, cacborun (SiC)

1. MO PAU

SiC la lai vt liéu din dién siéu éng, chu dugc nhiét do cao, Bn hoa hc dugc tng ding
trong nhéu linh wc céng nghdp, nhr d& hay 16t mai ra trong chtao may, thankiét (dién arc)
trong 16 nhét do caodén 1300°C lam vic trong méi teong khi qugn, tm ké di dd trong cac
16 nung @m, v.v... [1 - 3].

Tur treée dén nay SiC tirong duoc tong hop tir ngudn nguyén ku dau vao |a céat thch anh
va mwi than [4-6]. Cat thch anh cd nRt do nong cliy cao trén 176%C. Bé c6 phin ung gira
cat thach anh (SiQ) va mui than ach (C) @n cé bubng phin tng nhét do cao trén 1900C,
gay 6n haodién ning lén. Hon nira, mwi than throng prﬁm (@0 sach trén 99,5 %) co gia cao ~
5 USD/kg. Dod6 gia thanhan xuit SiC ¢ nuéc ta hén nay vn con At cao, ma nhuiu st dung
SiC thi ngay cangoh (trén 20.000an/nam). Viéc tim kiém céng ngh méi nham giam gia
thanh &n pham SiC vi tt c6 ¥ nghia thyi sy va t nén ép bach.

Véi viéc ar dung vat liéu bot nano SiQ va graphite ¢ nhién, nhit d6 tao ra SiC vao
khoang 1550°C [7], dién ning cung &p cho plan &ng ch bang 60 % so &i truong hyp phin
ung tr cat thach anh va méi than. Gia thanhi@ graphite ln nay vao khang 1 USD/kg. \4t
ligu nano Si@ cé thé ché tao tir tro aia tréiu théc laa (gi tat 1a “tro trdu”) hoac tro bay (trong
cong nghép xi mang, mt luong tro bay giau nano Si@uoc sinh ra trong qua trindbt thanda
dé nung klanhke 13t 16n).



Nghién ctru ché tao vét liéu cacborun tir nano SiO,

Trong trrong hyp ding SiQ va graphiteié sain xuit SiC, phrong trinh plan tng to ra SiC
dugc moé & nhur sau [8]:

Si0, +2C= SICO +CO; SICO+C= SiC+CO 1)

Muc tiéu @ia cong trinh nghiénte nay 1a ch tao nano SiQ@ tir tro trdu va thét 1ap quy
trinh céng ngh ché tao SiC ir ngwn nguyén ku dau vao la bt graphite & nhién. Gu trdc tinh
thé, hinh thai bc va @a vat liéu nano Si@ va SiC ph thudc vaodiéu kién cong ngh ciing
dugc trinh bay.

3. THUC NGHIEM

Nano SiQ dungdé che tao SiCdugc tong hyp king cong ngh nghlen nang lrong cao, vt
lidu dé nghién 1a SiQ tuyén tir tro tru lGa. TéAu lda vingddng hing Bic B c6 thanh pin héa
hoc 1a: SiQ chiém 45 - 47 %, Carbon — 50 — 52 %,@} — 0,10 - 0,20 %, CaO — 1,00 - 1,25 %
va FeO; — 0,3 - 0,5% [9]. c xir |i cac thanh pin tap chit trong thu duoc tién hanh nir sau.
Dun s6i tro thu thoc va khéy déu trong khidun ntim [am tan cacap chit 6xit kim loai kém va
kém thd; Tach nréc ra kioi hdn hop chra SiQ, hoa tan Bn hop Si0, bing axit clohydric (HCI)
nong do 10% trong thi gian 24h. Cécap chit tan ¢t trong HCI, riéng Si@khang b tan. Cibi
cung la tach dungich axit ra kidi SiO, bang cach ita troi king nroc khir ion vadua vao 10 8y
khé. Bing cachi6 do sach aia SiQ ¢ th dat dwoc dén trén 99,5 %.

SiO, sach dugc dua vao binh nglén dé tao ra nano Si@ sr dung cdng ngh nghién uét.
Thiét bi nghén ly tam hanh tinh &m 4 binh céduong kinh 150 mm, cao 200 mm. Bi nghi
bang gdm c6do cang cao (thanh gim AlL,O; + ZrQ,). Thé tich aia kit Si0, véi bi nghién chiém
khoang 2/3 ti¢ tich binh ngHin, thyi gian nghén mbi 1an & 15 phit, fu duoc liy radé phan
tich i nghién tiép. Téng $ 1An nghén dé nhan dugc nano Si@la 5 Bn. Graphited nhién (thd)
dugc tuyén chpn sy by c6 ngwn gic tir Yén Bai. Cacdp chit trong graphitatugc xir Ii bing
cach ngamah luot trong cac axit khac nhau. Thiéétkon hop nano Si@va Cduoc tién hanh
trong 106ngdién tro graphite kiu 16 Tamman, ¢ d6 caa 10 duoc trinh bay trén Hinh 1a va phan
b nhiét do trong 16 mo 4 trén Hinh 1b.

Bang phrong phap thiéu & trong 16 Tamman SiC rih duoc c6do sach cao. Trong qua
trinh Hng hyp SiC chdng t6ida cho khi Ardi quadé bao dam khong khi khéngolt dugc vao
trong 10 gay chay graphite. Khi nang éthd¢ 1o léndén gia ti 1550°C (nhiét do thiéu Kt SiC),
thuyén graphite chia pl’f)l liéu phin ang duoc day vao vung nhit twong ung. Nhit d6 duoc do
tai hai im graphitedé hai dau thuyén, nhit ¢6 cia thi nghém duoc lay gia ti trung binh aa
nhiét do6 haidau thuyén. Do nhiét do biang hva quang & véi sai $ + 50°C. Chiing t6i dung bao
nung chira ptoi liéu phan tng thay cho thudn. Nép ddy bao nungféu bing graphite, €in ra i
chinhdién ayc graphite. Cho g liéu vao bao nung va lén ghbang chay thép. Khiua bao
nung vao vung nkt can thiét trong 10, sau khing 30 pht iy ra phin ang manh, khén mot
lwong I6n CO chay va bay ra. Sau Kmg 15 phit ngn lra CO gim din va duy tri thém
khoang 30 pht fta thi Ht chay. Sau thi gian thiéu Kkt 60 phat bao nunduoc ly ra, ptin phbi
ligu im séat thanh bao nung kiray 2 cm |4 &1 phim tao ra tr phan iing hoan toan (1)J6 la
khdi lugng SiC thudugc sau phn wng. PRn vat liéu trong 16i 16 1a Bn hop SiO, va graphite,
doi hoi nhiét do thiéu Kt cao fon duoc liy radé lam ploi li éu chodot thiéu Kt sau.

Hinh thai loc b2 mat caa miu duoc khao séat trén tin vi dién tr phat x treong (FE-SEM)
Hitachi S - 4800. Phan ticte tric tinh tlé dugc tién hanh trén may néil xa tia X “D-5000".
Nhiét d6 phan tng gira SiQ va graphitedo ra SiCdugc xacdinh nky phan tich nigt vi sai
(DTA).
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Hinh 1. So d6 nguyén li [6dng dién tré graphite (a) va pharsmhiét @6 caa 10 (b): 1 -Ongdién

cuc graphite; 2 - Habp arc bing dong; 3 - Hai bang lam ngéi bing nroc; 4 - Hai thanhiién arc
bangdong; 5 — Thugn graphit; 6 — Im graphit; 7 -Ong graphit; 8 -Do thi phan b nhiét.

3. KET QUA VA THAO LUAN
3.1. CHé tao SiO;

Tur thyc nghém ching t6i nAn thiy kich thréc cac lat SiO, giam din theo chdu ting aia
thoi gian qua ndi dot nghén ning rong cao. Hinh 2 1aanh FE-SEM chp méu Si0;, tong hop
tir tro trdu lGa sau khi lamagh. Hinh 3 I3nh FE-SEM éa miu bt Si0, sau khi nghin ning
lwong cao i thoi gian khac nhau. C&mh nay cho thy, lic dau bt Si0, c6 kich thrée tir 3 -
10 um (Hinh 2). Sau khi nghi tir 15 phatdén 30, 45 va 60 phat, kichitbc hat SiO, giam
xuéng tr 5um con khang 45 nm (Hinh 3 a, b,c va d).

Két qua khao sat kich thiéc hat SiO, (t) phu thupc vao thyi gian nghén cho thy, déi voi
cung ndt ti 18 lugng bi va bt Si0,, sau 30 phat ngéim, kich thréc hat cua bt Si0O, gan nhr
khéng gim (kich throc gisi han dia phrong phap) vatat gia ti khoang 50 nm.b6 thi phu
thuoc thoi gian nghén cia kich throc hat dugc trinh bay trén Hinh 4. & qua nay cho thy quéa
trinh nghén ning hrgng caaddi véi SiO, co kich thrge khoi dau ~ 5um dé tao ra SiQ nano Vi
kich thrc hat ~ 50nm c6 th dirng sau khang thyi gian 40 phit.

Hinh 2.Anh FE-SEM éa bt SiO, sau khi lam &ch, d ~ 5um.
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Hinh 3.Anh FE-SEM éa cac riu bot Si0, sau khi nghin ning lrong cao i thoi gian t = 15 phut cho
d= 1um (a), t =30 phat cho d = 100 nm (b), t = 45 pthid d = 55 nm (c¢) va t = 60 phat cho
d = 40 nm (d).
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Hinh 4.Kich thréc hat SiO, phu thupe vao thyi gian nghén

Trén Hinh 5 1& gin @6 nhidu xa tia X (XRD) aia miu Si0, sau khi nghin ning rong cao
véi thoi gian 60 phit. C6 bdinh nhBu xa (tng Wi phan xa cia cac b mit tinh thé c6 khding
cach ting 0,426 nm; 0,334 nm va 0,182 nm. @&th naydéu tring fp v6i cacdinh dic trung
cia cu trac tinh t Si0, [10] va trén gin 46 XRD khong quan sat iy dinh nhéu xa caa pha
tinh thé khac. Hn nia do ban Bng aia cacdinh ) déu kha bn, ching © vat liéu bot Si0, co
CAu triic nano.
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Hinh 5.Gian d6 nhiéu xa tia x (XRD) aia miu SiQ, sau khi nghin 60 phut.

Kich thedc hat duoc tinh bing cong tikc Sherrer [11]:
= 0,9
L cosd

Trongdd A la brdc séng tia X 8 dung @6i véi 6ng phat tia X Bng dong, A = 0.14506 nm),
0 - goc nhéu xa. B tinh theodon vi radian 1ad6 rong aia dinh XRD &i mét nira chéu cao éa
dinh @ ban Bng). Két qui xacdinh B tir gian d6 XRD va thay vao cong fit trén chodt ca cac
dinh nhéu xa cho thiy gia ti trung binh aa kich thréc hat Si0, vao khang 40 — 50 nm. Giaitr
nay hoan toan phtob v6i két qua do kich thréc hat trénanh FE-SEM (Hinh 3d).

(2)

3.2. Tong hgp SiC tir nano SiQ, va graphite t nhién

Dé lam sich FeOs;, CaO va cacap chit khac, graphite thduoc ngam trong axit clohiyic
(HCI 10%) trong khang thyi gian 24 gb, rdi rira sich bhing nrée khir ion. Dung axit flohytric
(HF 10%) hoa tan SiQ(trong 24 g). Thanh phn tap chit caa graphite sau khiixli dugc phan
tich king phrong phap héa dt ti Vién Cong ngh, Bo Qudc Phong[12]. Kt qua phan tich
dugc trinh bay trén Bng 1, king nay so sanh thanhjshtap chit trong graphite thd va sau khi
duogc lam ach.

Bang 1 Thanh phn héa lc cia graphite Yén Bai tic va sau khi i Ii tap.

< TT Thanh pn PHn tram khdi luong (%okI)
Graphite thé [12] | Graphite sau #% Ii
1 Graphite 72-78 95,5
2 Sio, 4-6 2,5
3 FeOs 8-10 0
4 CaO 1-3 0
5 MgO 1-2 0
6 Al,O4 <1 <0,5
7 K0 <1 0
8 Tap chit khac ~ 2% <0,5
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Tur Bang 1 ntin thiy, do sach aia graphitedd dat dugc dén 95,5% ki, cacap chit khacda
hét haic chi con droi 0,5%kl. Riéng SiQ con 2,5%KI, tuy nhién vi trong cong r@gt@ng hop
SiC c6 & dung nano Si@nén &p nay khonginh hrong dén chit lugng aia Vat ligu tong hop.
Al,O; va tip chit khac ¢ing € hoa hvi hét trong qua trinh thiéuék nhiét do cao.

Hn hop graphite & nhién va tro #u dwoc nghén tron trén may ngléin léch tam vaado
phan tich trén may phan tich D& xacdinh nhit do phan tng xay ra gita graphite va tro 4u
dé tao ra SiC. Kt qua ghi DTA trinh bay trén Hinh 6.
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Hinh 6.Gian db xacdinh nhét do phan ttng tio thanh SiCit graphite & nhién i nano SiQ

Tir khoang 800°C dén 1300°C qua trinh hoan nguyén Si@ién ra (mit 6xy), o thanh
SiCO nhr trén phrong trinh (1) nén ki lugng giam, khi hoan nguyénék thic qua trinh pin
trng Si Wi C da dén ra. Gin dd DTA cho tHy phan ttng SiQ véi C xay ra ti nhiét d6 khoang
1550C (Hinh 7). Khi n hop nano Si@+ C dugc thiéu Kt & 1550C phin tng o SiC - pkin
trng (1)da xay ra hoan toan. & qua phan tich cho #ty khédng con cacbonudva “I8i SiO,” nam
giita hai bp Si0; va graphite. Tht vay, Hinh 7 14 Kt qua ghi gian dd nhiéu xa tia X (XRD) tr
mau thiéu Kt d6. Gian d6 XRD gom céacdinh thupc ciu tric tinh tik SiC, phu lp voi két qua
da cong b trudc day [13], khong catinh nao thac Si0,, C va cacdp chit khac. Mt s dinh
ung Wi gia tri khoang cach rit mang (d) 0,2509; 0,2180 va 0,1540 nmagrig rtng ho mat phan
xa (111), (200) va (220) cdudng do lon. Pa $ cacdinh cddo ban Hng () nhd hon so \bi
truong hyp ciu trdc nano Sig ching © SiC c6 du trac ht 16n hon.
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Hinh 7. Gian db nhidu xa tia X cia miu thiéu Kt hdn hop nano Si@+ C &i 1550°C.
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Tuy vy trén giin d6 XRD van c6 nét sb dinh c6p twong duong Wi cacdinh trén gin d6
XRD cia SiQ, thé hién trong nu SiC Hn tai mot sb hat kich thréc nanoPiédu nay ding duoc
thé hién khi hinh thai hc cia cac riu SiCdugc khao sat ling hién vi dién tr quét FE-SEM.

Hinh 8a laanh SEM chip hon hop nano Si@va C tude khi thiéu Kt. Anh nay cho thy
bot nano SiQ da bam khatéu trén & mit cAc phén graphite. Sau khi thiéuékkhaang 1 gb,
phan tng Xy ra bt nano SiQ va graphitaid két hop thanh SiC &i ciu tric Bt kha min (Hinh
8b). P1di liéu min nay co th dé dang gia cong, ép khudaotra phén haic thanh cacborun (SiC)
c6dd sach cao lam cacin ké, @i hay cac thankiét trong 10 nhét d6 cao, v.v...

Hinh 8.Anh FE-SEM chp mau hon hop nano-SiQ + C turde khi thiéu Kt (a) va niu thiéu Kt
tai 1550°C, thoi gian 60 pht (b).

Trong qué trinh thc nghém, khi sr dung mdt s hdn hop tro téu chra xr I tap chit,
chang t6i phat Bn SiC myc thanh hinh que (Hinh 9), khaéi\siC thiéu Kt tir hdn hop tinh
khiét nano SiQ va graphite &ch. Hon nira, nhigt do thiéu Kt hdn hop chira tap chit giam dang
ké, chi con khang 1250°C.

Hinh 9.Anh FE-SEM éa nmiu SiC thiéu Kt tir hdn hop SiO+C chra tap chit.

Cac Kt qua trén cho thy hinh thai lc cia SiC thiéu &t tir C Wi SiO, sach va clira tap
chat 1a hoan toan khac nhadbi véi nano SiQ sach, SiC nlin duoc dudi dang bt min, trong
khi d6 ddi véi SiO, chira p chit phin I6n SiC Kt tinh thanh hinh que. ¥ SiC myc thanh
hinh que cting © qua trinh Et tinh Xay ra theo nt s6 huéng uu tién niat dinh nhy chat xuc tac
la tap chit Fe0, CaO hay AlO;. Nhitng tap cht naydong vai tro cac ci xuc tac wi nhiing
tam graphite, @n dén nhigt d6 “eutectic” h thap va hinh thanh am SiC theo rit sb huéng uu
tién, tr d6 SiC Wi thiét dién day kich thrgc vai chuc nanomet @p tuc phat trén dai radén vai
micromet (Hinh 8). & phat hgn mai vé két tinh hinh que &a SiC, c6 th ¢ xuat nhirng nghién
ctru tiép theo ¢ co ché moc que nano SiCab ra \at liéu nano SiC hinh que.a¥liéu nay co th
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dua vaoung ding thrc tlen trong cong nghche tao chipdiot phat quang (LED) phatiéc séng
tu ngaai hay lam \at li¢u t hop véi polymer din dién vsi nhiing tinh clit dién, quangién tir va
quang & ni troi khac.

4. KET LUAN

Bang cong ngh nghién ning hrong cao, Wt liéu nano SiQ vai kich thrgc hat ~ 50 nmda
duoc ché tao tir tro trdu sau khi ¥ i sach cac 4p chit. H3n hop nano-Si@ va graphiteduoc
thiéu Kt tai nhiét do 1550C trong thyi gian 1 g, phan tng hoan toanab ra cacborun (SiGja
xay ra. Sin prim bot min SiC nfin duoc c6do sach cao, gia thanhahco thé ang ding lam &m
ké, ¢i d& trong cdng nghigdbm st hay cac thanhét trong 16 nhét do cao.

Viéc phat hin SiC Kt tinh hinh que khits dung hn hop nano-SiQ chia tap chit dé thiéu
két mo ra hrong nghién 6u tiép theo nlim ché tao vat liéu nano SiC que. o lieu que nano SiC
c6 thé sir dung dé ché tao chip LED tr ngaai hay cl€ tao vat liéu 6 hop nano clrc ning, trong
d6 co B hop polymer dn dién voi nhitng tinh clat dién va quangfién tir ndi troi.

Loi cim on. Nghién d&u nay dugc tai tiy bsi Quy phat trén khoa lc va cong ngh quic gia
(NAFOSTED) trongdeé tai ma 6 “103.02-2013.39".
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ABSTRACT

INVESTIGATION OF TECHNOLOGY FOR PREPARATION OF SiEROM NANO SiQ

Tran Si Trong Khanh, Tran Thi Thao, Nguyen NangH)in

University of Engineering & Technology, Hanoi Vietm National University,
144 Xuan Thuy, Cau Giay, Hanoi, Vietham

"Email: dinhnn@vnu.edu.vn

By using a high-energy milling method, nano Sf@wder with a particle size of ~ 50 nm
(nano SiQ) was prepared from rice husk ashes. Heating ab 165for 1 hour, the complete
reaction of the mixture of nano-Si@nd graphite (C) occurred and carborund@®c) was
crystallized in a form of the smooth powder. Theep&iC powder can be used for chocked
plates and pillows in the ceramic ovens and resistdubes in high-temperature furnaces. From
the investigation it was observed that SiC was growthe form of nano-rods when using nano-
SiO, containing impurities of R®,, CaO or AjOs. This suggests useful applications for ultra-
violet LED chips and polymeric nanocomposites wsiplecific optoelectronic properties.

Keywords:high-energy milling method, heating, nano Si€rborundum (SiC).

104



