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TOM T A T 

B5ng cong nghe nghien nang lugng cao su dung vat lieu Si02 tit fro cua trau cua thoc liia, 
Si02 voi kich thuac hat kboang 50 nm (nano-SiOa) da dugc chg tao. Khi tiiieu k8t hdn hgp nano-
SiOi va graphite (C) phan iing hoan toan t^o ra cacborun (SiC) dang bgt min xay ra t^i nhiet do 
1550°C, thai gian 1 gio. San phim SiC nhan duge co do sach cao c6 the img dung lam tam ke, 
g6i da frong cong n ^ e g6m sii hay cac thanh d6t trong 16 nhiSt do eao.Viec phat hien SiC ket 
tinh hinh que khi sii dung h5n hgp nano-SiOz chua tap chit d6 tiiieu kgt ggi mo nhung nghign 
cuu moi nhim eh6 tao vat Men que nano SiC iing dung lam chip LED tir ngoai hay vat lieu to hgp 
nano polymer din dien vai nhung tinh chat dien va quang dien tii noi frgi. 

Tu khoa: nghign nang lugng cao, thieu kgt, nano SiO^, eacborun (SiC) 

1. MOf DAU 

SiC la loai v?t lieu din dien sieu eiing, chiu dugc nhiet do cao, ben hoa hpe dugc ung dung 
frong iihi6u linh vuc cong nghiep, nhu da hay bgt mai ra frong che tao mky, thanh d6t (dien cue) 
frong 16 nhiet do cao dgn 1300 "C lam viec frong moi truong khi quygn, tam kS g6i do frong cae 
16 nung g6m, v.v... [1 - 3]. 

Tir truac dgn nay SiC thuong duge t6ng hpp tii ngu6n nguygn lieu dau vao la cat thach anh 
wk mugi than [4-6]. Cat thach anh co nhiet dp nong chay cao fren 1760''C. DS co phan ung giiia 
cat thach anh (Si02) va mugi than sach (C) can co buong phan iing nhiet do cao fren 1900 "C, 
gay ton hao dien nang I6n. Hon nua, mugi than tiiuang pham (dp sach frgn 99,5 %) co gia cao ~ 
5 USD/kg. Do do gia thanh san xuat SiC a nuac ta hien nay van con rit cao, ma nhu ciu su dung 
SiC thi ngay cang lan (frgn 20.000 tin/nam). Viec tim kiem cong nghe moi nhim giam gia 
thanh san pham SiC vi thg c6 y nghia thai su va fra nen cap bach. 

Voi viec su dung vat lieu bpt nano SiOi va graphite tii nhien, nhiet dO tao ra SiC vao 
khoang 1550 "C [7], dien nang cung cip cho phan iing chi bing 60 % so voi ttudng hgp p h ^ 
ung tii cat thach anh va mugi than. Gia thanh cua graphite hien nay vao khoang 1 USD/kg. Vat 
lieu nano Si02 co the che tao tit fro cua frau thoc liia (ggi tit la "fro triu") hoac tro bay (trong 
cong nghiep xi mang, mgt lugng fro bay giau nano Si02 dugc sinh ra frong qua frinh dot tiian da 
de mmg klanhke la rat Ian). 
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Trong truong hgp diing S1O2 va graphite dg san xuat SiC, phuong frinh phan ung t^o ra SiC 
dugc mo ta nhu sau [8]: 

SiOa + 2C => SiCO + CO; SiCO + C ^ S i C + CO T (1) 

Muc tieu cua cong trinh nghien ciiu nay la che tao nano Si02 tir fro frau va thiet lip quy 
trinh cong nghe che tao SiC tir nguon nguyen lieu diu vao la hot graphite tu nhien. Ciu tnic tmh 
the, hinh thai hpc va ciia vit ligu nano Si02 va SiC phu thugc vao digu kien cong nghg ciing 
dugc trinh bay. 

3. THU*C NGHIEM 

Nano Si02 dung dg chg tao SiC dugc t^n^ hgp bing cong n ^ e nghien nang lugng cao, vat 
lieu dg nghign la Si02 tuygn tir fro frau liia. Trau liia vimg dong bang Bac Bp co thanh phan hoa 
hgc la: Si02 chigm 45 - 47 %, Carbon- 50 - 52 %, AI2O3 - 0,10 - 0,20 %, CaO - 1,00 -1,25 % 
va Fe203 - 0,3 - 0,5% [9]. Viec xii If cac thanh phan tap chat frong frau dupe tiSn hanh nhu sau. 
Dun soi fro frau tiioc va khuiy dSu frong khi dun nham lam tan cae tap chit oxit ldm loai kgm va 
kgm tho; Tach nuac ra kh6i h6n hpp chiia SiOi, h6a tan hon hap Si02 bing axit clohydric (HCI) 
nong dp 10% ttong thai gian 24h. Cac tap chat tan het frong HCI, rieng Si02 khong bi tan. Cu6i 
cung la tach dimg dich axit ra khoi Si02 bing each rira froi bing nuoc khir ion va dua vao 16 say 
kho. Bang each do do sach ciia Si02 co thg dat dugc den frgn 99,5 %. 

SiOi sach duac dua vao binh nghiSn dk tao ra nano Si02, su dung cong nghe nghien u6t. 
Thigt bi nghien ly tam hanh tinh gdm 4 binh c6 duong kinh 150 mm, cao 200 mm. Bi nghign 
bang gom c6 dp eung cao (thanh phan AI2O3 + Zr02). The tich ciia bpt SiOj voi bi nghien chiem 
khoang 2/3 the tich binh nghien, th6i gian nghien moi lan la 15 phut, mau duge lay ra de phan 
tich roi nghien tiep. Tong so lan nghign dg nhan dugc nano SiOj la 5 lan. Graphite tu nhien (tho) 
dugc tuygn chgn so bg co nguon g6c tu Yen Bai. Cac tap chit frong graphite dugc xii li bang 
each ngam lin lugt frong cac axit khac nhau. Thieu ket h6n hgp nano Si02 va C dugc tien hanh 
frong 16 ong dien fra graphite kiSu 16 Tamman, so do eua 16 dugc trinh bay fren Hinh 1 a va phan 
bo nhiet do frong 16 mo ta tren Hinh lb. 

Bang phuong phap thieu kgt frong 16 Tamman SiC nhan dugc co do sach cao. Trong qua 
trinh tong hop SiC chiing toi da cho khi Ar di qua de bao dam khong khi khong lgt dugc vao 
frong 16 gay chay graphite. Khi nang nhiet dp 16 Ign den gia tri 1550 °C (nhiet do thieu ket SiC), 
thuygn graphite chiia phoi Ueu phan iing dugc day vao vung nhiet tuang ung. Nhiet dp dugc do 
tai hai tim graphite dg hai dau thuygn, nhiet do ciia thi nghiem dugc lay gia tri trung binh cua 
nhiet dp hai dau thuyen. Do nhiet do bang hoa quang ke voi sai so ± 50 °C. Chiing toi dung bao 
nung chiia phoi lieu phan iing thay cho thuygn. Nap day bao nung dSu bang graphite, tiSn ra tir 
chinh dien cue graphite. Cho phoi lieu vao bao nung va len chat bang chay thep. Khi dua bao 
nung vao vimg nhiet can thiet frong 16, sau khoang 30 phiit xay ra phan iing manh, khiSn mgt 
lugng lan CO chay va bay ra. Sau khoang 15 phut nggn lua CO giam din va duy tri them 
khoang 30 phiit nira thi hgt chay. Sau thoi gian thieu ket 60 phiit bao nung dugc lay ra, phSn phoi 
lieu nam sat thanh bao nung khoang 2 cm la san pham tao ra tir phan iing hoan toan (1), do la 
khoi lugng SiC thu dugc sau phan iing. Phan vat lieu ttong loi 16 la hon hgp Si02 va graphite, 
d6i hoi nhiet dp thieu ket cao ban dupe lay ra de lam phoi lieu cho dot thieu ket sau. 

Hinh thai hpc be mat ciia miu dugc khao sat fren hien vi dien tu phat xa truang (FE-SEM) 
Hitachi S - 4800. Phan tich can tnic tinh the dugc tien hanh fren may nhigu xa tia X "D-5000". 
Nhiet do phan iing giua Si02 va graphite tao ra SiC duac xac dinh nho phan tich nhiet vi sai 
(DTA). 
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/ff«A y. So do nguyen li 16 ong dien tro graphite (a) vEi phan bo nhiet do ciia 16 (b): 1 - Ong dien 
c\rc graphite; 2 - Hai op cî c bang done; 3 - Hai buong l̂ m nguoi bang nuac; 4 - Hai thanh diSn circ 
bang ddng; 5 - Thuyen graphit; 6 - Tam graphit; 7 - Ong graphit; 8 - D6 thi phSn bo nhiet. 

3. KET QUA VA THAO LUAN 

3.1. Ch^ tao SiOj 

Tir thuc nghiem chiing toi nhan thiy kich thuac cac hat Si02 giam din theo chiSu tang ciia 
th6i gian qua moi dgt nghign nang lucmg cao. Hinh 2 la anh FE-SEM chup mlu SiOa tfing hpp 
tii fro frau Ilia sau khi lam sach. Hinh 3 la anh FE-SEM cua miu bpt SiOi sau khi nghign nang 
lugng cao vdi thoi gian khac nhau. Cac anh n4y cho thiy, liic diu bgt Si02 c6 kich tiiu6c tu 3 -
10 pm (Hinh 2). Sau khi nghiSn tii 15 phiit d6n 30, 45 va 60 phiit, kich thuoc hat SiOi giam 
xu6ng tii 5 pm con khoang 45 nm (Hinh 3 a, b,c va d). 

Kgt qua khao sat kich thuac hat Si02 (x) phu thu6c vao thai gian nghign cho thiy, d6i v6i 
eung mgt ti le lugng bi va bpt Si02, sau 30 phiit nghign, kich thuac hat ciia bdt SiOi gin nhu 
khong giam (kich tiiu6c gidi han cua phuang phap) va dat gia tri khoang 50 nm. D6 thi phu 
tiiugc thai gian nghign ciia kich thu6c hat duac tiinh bay fren Hinh 4. Kgt qua nay cho thiy qua 
tiinh nghign nang lugng cao d6i voi Si02 co kich thuac kh6i diu ~ 5 pm dS tao ra S1O2 nano voi 
kich thuac hat ~ 50nm co the dimg sau khoang thai gian 40 phiit. 

Hinh 2. Anh FE-SEM cua b^t SiO; sau khi lam sach, d ~ 5 pm. 
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Hinh 3 Anh FE SEM cua cac mau bot SiO sau khi nghien nang lugng cao vdi thoi gian t = 15 phiit cho 
d - 1 pm (a) t = 30 phut cho d - 100 mn (b) t = 45 phiit cho d = 55 nm (c) va t = 60 phut cho 

d= 40iim(d). 
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Hmh 4. Kich thuac hat SiOi phu thuoc vao thai gian nghign 

Trgn Hinh 5 la gian do nhiSu xa tia X (XRD) cua mau SiOi sau khi nghign nang lugng cao 
vai thai gian 60 phut. Co ba dinh nhieu xa iing vdi phan xa cua cac hg mat tinh the co khoang 
each bang 0,426 nm; 0,334 nm va o,182 nm. Cac dinli nay dgu tning hop vai cac dinh dac tnmg 
ciia cau tnic tinh thg Si02 [10] va frgn gian do XRD khong quan sat thay dinh nhilu xa cua pha 
tinh thg khac. Han niia do ban rgng cua cac duih (P) dgu kha Ion, chung to vat lieu bpt SiOi co 
can tnic nano. 
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Hinh 5. Gian d6 nhilu xa tia x (XRD) cua mau SiOj sau khi nghien 60 phiit. 

Kich thuac hat dugc tinh bing cong thiic Sherrer [11]: 

pxcosO 

Trong do X la buac song tia X sir dung (d6i vai 6ng phat tia X bing d6ng, X = 0.14506 nm), 
0 - goc nhilu xa. p tinh theo don vi radian la do rpng cua dinh XRD tai mgt niia chigu cao ciia 
dinh (dp ban rgng). Ket qua xac dinh p tir gian d6 XRD va thay vao c6ng thiic frgn cho tit ca cac 
dinh nhigu xa cho thiy gia tri trung binh cua kich thudc hat Si02 vao khoang 40 - 50 nm. Gia ttj 
nay hoan toan phii hgp voi kgt qua do kich thuac hat tren anh FE-SEM (Hinh 3d). 

3.2. Tong hop SiC tir nano SiOi va graphite tir nhien 

Dg lam sach Fe203, CaO va cac tap chit khac, graphite tho dugc ngam trong axit clohydric 
(HCI 10%) frong khoang thai gian 24 gi6, r6i rira sach bing nu6c khii ion. Dimg axit flohydric 
(HF 10%) hoa tan Si02 (frong 24 gi6). Th^nh phin tap chit ciia graphite sau khi xu li dugc phSn 
tich bing phuang phap hoa hgc tai ViSn C6ng nghe, Bg Quoc Ph6ng[12]. Ket qua phan tich 
dugc frinh bay frgn Bang 1, bang nay so sanh thanh phin t^p chat trong graphite tho va sau khi 
dugc lam sach. 

Bdng 1. Thanh phan hoa hpc cua graphite Yen Bai truoc va sau khi xir li tap. 
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Tir Bang 1 nhan thiy, do sach cua graphite da dat dugc den 95,5% kl, cac tap chat khac da 
het hoac chi c6n duai 0,5%kl. Rieng Si02 c6n 2,5%kl, tuy nhien vi frong cong nghe tong hgp 
SiC CO su dung nano SiOi nen tap nay khong anh huong dgn chit lugng cua vat lieu tong hgp. 
AI2O3 va tap chit khac ciing se hoa hoi het frong qua trinh thigu kgt nhiet do cao. 

Hon hgp graphite t\r nhign va fro trau dugc nghien frgn fren may nghien lech tam vao do 
phan tich fren may phan tich DTA dg xac dinh nhiet do phan iing xay ra giua graphite va fro trau 
dg tao ra SiC. Kgt qua ghi DTA trinh bay fren Hinh 6. 

0 400 800 1200 1600 
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Hinh 6. Gian do xac dinh nhiet dp phan iing tao thanh SiC tii graphite tu nhien voi nano 8162 

Tir khoang 800 °C dSn 1300 "C qua trinh hoan nguygn Si02 diln ra (mit oxy), tao thanh 
SiCO nhu fren phuang trinh (1) nen khoi lugng giam, khi hoan nguyen kgt thiic qua trinh phan 
ling Si voi C da dien ra. Gian do DTA cho thay phan iing Si02 voi C xay ra tai nhiet dp khoang 
I550''C (Hinh 7). Khi h6n hgp nano SiO; + C dugc thigu kgt a ISSO^C phan iing tao SiC - phan 
ling (1) da xay ra hoan toan. Ket qua phan tich cho thay khong c6n cacbon du va "loi Si02" nim 
giira hai lop Si02 va graphite. That vay, Hinh 7 la ket qua ghi gian d6 nhilu xa tia X (XRD) tir 
mlu thieu ket do. Gian do XRD gom cac dinh thugc cau tnic tiiih thg SiC, phu hgp voi kgt qua 
da cong bo truac day [13], khong co dinh nao thupc SiOi, C va cac tap chat khac. Mot s6 dinh 
ling voi gia fri khoang each mat mang (d) 0,2509; 0,2180 va 0,1540 nm, tuong iing hg mat phan 
xa (111), (200) va (220) co du6Tig dp Ion. Da s6 cac dinh co dg ban rgng (P) nho ban so vai 
truong hgp cau tnic nano Si02, chiing to SiC c6 cau tnic hat lan ban. 
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Hinh 7. Gian d6 nhilu xa tia X cua miu thieu kgt hSn hgp nano SiO; + C tai ISSO'̂ C. 
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Tuy vay fren gian d6 XRD vin co mgt s6 dinh co p tiiong duang vai cac dinh ti^ gian do 
XRD cua Si02, thg hien frong miu SiC t6n tai mot s6 hat kich thucrc nano. Di6u nay cung duge 
the hien khi hmh thai hgc ciia cac mlu SiC dugc khao sat bing hign vi dien tii quet FE-SEM. 

Hinh 8a la anh SEM chup h6n hgp nano Si02 v^ C ti^i-c khi tiiigu kgt. Anh nay cho thiy 
bgt nano Si02 da bam kha dgu frSn bg mat cac phign graphite. Sau khi thieu ket khoang 1 gi6, 
phan ling xay ra bpt nano SiOi va graphite da ket hgp thanh SiC voi ciu tnie bgt kha min (Hinh 
8b). Ph6i Ueu min nay co thg de dang gia cong, ep khu6n t£io ra phign hoac thanh cacborun (SiC) 
CO do sach cao lam cac tim ke, g6i hay eac thanh dot frong 16 nhiet do cao, v.v... 

Hinh 8. Anh FE-SEM chup mau hSn hgp nano-Si02 + C truac khi thieu ket (a) v^ mSu thiau kat 
tai 1550°C, thoi gian 60 phiit (b). 

Trong qua trinh thuc ngliiem, khi sir dimg mgt s6 h6n hgp fro friu chua xu li tap chat, 
chiing toi phat hign SiC mpc thanh hinh que (Hinh 9), khae voi SiC thigu ket tir h6n hgp tinh 
khigt nano SiO; va graphite sach. Han nua, nhiet do thieu kgt h6n hgp chiia tap chit giam dang 
kg, ehi con khoang 1250 "C. 

Hinh 9. Anh FE-SEM cua miu SiC thieu kit tu h6n hgp Si02+C chiia tap chit. 

Cac k6t qua fren cho thiy hinh thai hgc ciia SiC thieu kgt tii C v6i Si02 sach va chiia tap 
chit la hoan toan khac nhau: d6i v6i nano SiO; s îch, SiC nh|n dugc duoi dang bdt min, ttong 
khi do d6i vai Si02 chiia tap chit phin Icm SiC kgt tinh tiianh binh que. Vigc SiC mgc thanh 
hmh que chung to qua tiinh ket tinh xay ra theo mgt s6 hudng uu tien nhit dinh nha chit xiic tac 
la tap chat Fe304, CaO hay AI2O3. Nhung tap chit nay dong vai fr6 cac chit xiic tac voi nhirng 
tam graphite, din den nhiet dp "eutectic" ha thip va hinh thanh mim SiC theo mgt s6 hu6ng ini 
tien, tir do SiC vai thigt dien day kich thudc vai chuc nanomet tiep tuc phat trign dai ra dgn vai 
micromet (Hinh 8). Ttr phat hien mai vg ket tinh hinh que ciia SiC, co the dg xuit nhimg nghien 
cuu tiep tiieo ve ca che mpc que nano SiC, tao ra v§t lieu nano SiC hinh que. Vat li?u nay co th^ 
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dua vao ling dung thuc tiln frong cong nghe chg tao chip diet phat quan^ (LED) phat budc song 
tu ngoai hay lam vat lieu to hgp vdi polymer din dien vdi nhirng tinh chat dien, quang dien tii va 
quang tii n6i frgi khac. 

4. KET LUAN 

Bang cong nghe nghien nang lugng cao, vat heu nano Si02 vdi kich thudc hat ~ 50 nm da 
dugc che tao tii fro frau sau khi xu li sach cac tap chat. Hon hgp nano-Si02 va graphite dugc 
thieu kgt tai nhiet do 1550''C frong thdi gian 1 gid, phan iing hoan toan tao ra cacborun (SiC) da 
xay ra. San phim bgt min SiC nhan dugc co do sach cao, gia thanh ha co the iing dung lam tam 
ke, goi da frong c6ng nghe gom sii hay cac thanh ddt frong 16 nhiet do cao. 

Vigc phat hign SiC kgt tmh hinh que khi su dung hon hgp nano-SiOj chiia tap chat dg thieu 
ket mo ra hudng nghien ciiu tigp theo nhim chg tao vat lieu nano SiC que. VSt lieu que nano SiC 
CO thg sii dung dl chg tao chip LED tir ngoai hay chg tao vat lieu to hop nano chiie nang, ttong 
dd cd to hgp polymer dSn dign vdi nhiing tfnh chat dien va quang dien tit noi ttpi. 

L&i cdm an. Nghien ciiu nay dugc tai trg bdi Quy phat triln khoa hoc va cong nghe quIc gia 
(NAFOSTED) ttong dl tai ml so "103.02-2013.39". 
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ABSTRACT 

INVESTIGATION OF TECHNOLOGY FOR PREPARATION OF SiC FROM NANO Si02 

Tran Si Trong Khanh, Tran Thi Thao, Nguyen Nang Dinh' 

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

'Email.- dinhnn@vnu.edu.vn 

By using a high-energy milling method, nano Si02 powder with a particle size of ~ 50 nm 
(nano SiO;) was prepared from rice husk ashes. Heating at 1550 °C for 1 hour, the complete 
reaction of the mixture of nano-SiO; and graphite (C) occurred and carborundum (SiC) was 
crystallized in a form of the smooth powder. The pure SiC powder can be used for chocked 
plates and pillows in the ceramic ovens and resistance tubes in high-temperature ftimaces. From 
the investigation it was observed that SiC was grown in the form of nano-rods when usmg nano-
S1O2 containing impurities of Fe304, CaO or AI2O3. This suggests useful applications for ultra­
violet LED chips and polymeric nanocomposites with specific optoelecfronic properties. 

Keywords: high-energy milling method, heating, nano SiOs, carborundum (SiC). 
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