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TOM TAT

Biing cong nghé nghién ning lugng cao sir dung vat liéu Si0, fr tro cua trau cua théc lda,
Si0, véi kich thuéc hat khodng 50 nm (nano-SiO;) da duge ché ta0. Khi thigu két hdn hgp nano-
SiO; va graphite (C) phan {mg hoan toan tao ra cacborun (SiC) dang bdt min xay ra tai nhiét do
1550°C, thdi gian 1 gid. San phém SiC nhin duqc ¢6 d6 sach cao c6 thé img dung 1am tim ke,
20i d& trong cdng nghé gom sit hay céc thanh d6t trong 16 nhigt dd cao.Viéc phat hién SiC két
tinh hinh que khi sir dung hén hgp nano-SiO; chira tap chét dé thidu két ggi mo nhimg nghién
ciru méi nhim ché tao vat liéu que nano SiC tmg dyng lm chip LED nr ngoai hay vit liéu t6 hop
nano polymer din dién véi nhimg tinh chét dién va quang dién tir 06i trdi.

Tir khéa: nghii‘,n nang lugng cao, thiéu két, nano Si0,, cacborun (SiC)

1. MO PAU

SiC 14 loai vt liéu dén dién sidu cimg, chiu dgc nhiét 4§ cao, bén hoé hoc duqc imng dung
trong nhiéu linh virc cong nghlép, nhu d4 hay bot mai ra trong ché ta0 may, thanh dot (dién crc)
trong 16 nhiét 4o cao dén 1300 °C 1am viéc trong méi truémg khi quyen tam ké gdi d& trong céc
16 nung gom v.v.. [1-3].

Tir truéc dén nay SIC thuéng duoc tong hop t ngudn nguyén ligu dau vio 1a cat thach anh
va mudi than [4-6]. Cat thach anh ¢6 nhiét dd nong chdy cao trén 1760°C. D& c6 phan tmg giira
cit thach anh (Si0,) va mugi than sach (C) cén c6 bubng phan img nhiét db cao trén 1900 °C,
gdy 16n hao dién nang 16n. Hon nifa, muéi than thuong phidm (49 sach trén 99,5 %) co gia cao ~
5 USD/kg. Do d6 gid thanh sin xuét SiC & nudc ta hién nay vin con rat cao, ma nhu ciu sit dung
SiC thi ngiy cang ln (trén 20.000 thn/nam). Viéc tim kiém cong nghé méi nhim gidm gxé
thanh san pbdm SiC vi thé ¢6 ¥ nghia thai sy vé trd nén cp bach.

Vi wec sir dung vat liéu bjt nano SiO, va graphn.e ty nhién, nhiét do tao ra SiC véo
Khong 1550 °C [7), dién nang cung cdp cho phan tmg chi bang 60 % so véi treong hop phan
umg tix cét thach anh va mu01 than. Gid thanh cua graphite hién nay vao khoang 1 USD/kg. Vit
lidu pano SiO; ¢6 thé ché tao tir tro ciia triu théc lia (goi tht 12 “tro trAu’ ") hoic tro bay (trong
cqng nghiép xi méng, mot lugng tro bay giau nano SiO, dugc sinh ra trong qua trinh dét than d4
dé nung klanhke la rét 16m).
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Trong trudmg hgp ding $10, va graphite dé san xuét SiC, phuong trinh phan (mg tao ra SiC
duge mo ta nhu sau [8]:

Si0, +2C = SiCO + CO; SiCO+C = SiC+Co T (1)

Muc tiéu cua coug trioh nghién ciru ndy la ché tao nano SiO, t¥ tro triu va thiét 1ap quy

trinh céng oghé ché tao SiC tir ngudn nguyén liéu dau vo 12 bot graphite ty nhién. Ciu tric tinh

thé, hinh thai hoc va ciia vat liéu nano SiO, va SiC phu thuge vao didu kién cong nghé ciing
dugc trinh bay.

3. THUC NGHIEM

Nano SIO; ding dé che tao SiIC duoc tong hop bing cbung nghé ngluen nang lugng cao, vat
ligu dé nghlen 1 SiO, tuyén tir tro triu lta. Triu lua ving ddng bing Bic B¢ c6 thanh phin hoa
hoc la: Si0, chiém 45 - 47 %, Carbon — 50 — 52 %, Al;O; — 0,10 - 0, 20 %, CaO -1,00-1,25%
va Fe,05 - 0,3 - 0,5% [9]. Viée xir li cac thanh phén tap chét trong frau duoe tién hanh nhu sau.
Pun sb6i tro rréu thoc va khuay déu trong khi dun nhim 1am tan céc tap chat xit kim logi kém va
kém thé; Téch nuéc ra khéi hén hop chira Si0,, hoa lan hdn bop Si0, bﬁng axit clohydric (HCI)
ndog d¢ 10% trong thai gian 24h. Cac tap. chit tan hét trong HCI, riéng SiO, khong bj tan. Cu61
ciing la tich dung dich axit ra khoéi Si0, bang céch rira trdi bing nwdc khi ion va dura vio 10 shy
kho. Béng cach dé 46 sach cia SiO; c6 thé dat dugc dén trén 99,5 %.

SiO; sach duge dua vdo binh nghlen dé tao ra nano SiO,, sir dung cong nghé nghién uét.
Thiét b| oghién ly tAm hanh tinh g6m 4 binh c6 duéng kinh 150 mm, cao 200 mm. Bi nghlen
bang gbm co do cimg cao (thanh phan ALO; + ZrOz) Thé tich cha bjt S|O; voi bi nghlén ch:em
khoang 2/3 thé uch binh ngh:en thoi gian nghién méi lan la 15 phit, miu duoc Iay ra dé phan
tich r6i nghlén nep Téng sb lan nghlen dé nhan dugc nano SlOz 1a 5 14n. Graphite ty nhién (thd)
dugce tuyén chon so b cb ngudn géc tir Yén Béi. Cac tap chét trong graphite duoc xir li bang
cach ngam 1dn luot trong céc axit khac nhau. Thiéu két hén hop nano SiO; va C duoc tién hanh
trong 16 6ng dién tro gmplule kiéu 10 Tamman, so dé cia 16 duge trinh bay trén Hinh la va phan
bé nhiét 46 trong 16 mb 14 trén Hinh 1b.

Bang phuong phép thigu két trong 16 Tamman SiC nhan duoc ¢ dd sach cao. Trong qua
trinh tong hop SiC ching t5i di cho khi Ar di qua dé bao dam khéng khi khong lot dugc vao
lrong 16 gdy chéy graphite. Khi nang nhiét 44 16 1&n dén gia tri 1550 °C (nhiét 45 thigu Kkét SiC),
thuyen graphue chira ph0| liéu phin tmg dugc day vao viing nhiét tuong {mg. Nhiét d§ duge do
tai hai tam graphile dé hai dau thuyén, nhiét d6 cua thi nghiém duorc lay gi4 tri trung binh cia
nhiét 4 hai diu lhuyén Do nhiét 46 bang héa quang Kké véi sai sb = S0 C Ching t6i dung bao
nung chira phéi ligu phan img thay cho thuyen Nap day bao nung déu béng graphite, tién ra tir
chinh di¢n cyc graphite. Cho phél liéu vao bao nung va lén chat bang chay thép. Khi dua bao
nung vao viing nhiét can thiét trong 16, sau khoang 30 phut xay ra phan img manh, khién mét
lugng 16n CO chéy va bay ra. Sau khoang 1S phit ngon hra CO gidm dan va duy tri thém
khoang 30 phut nia thi hét chdy. Sau thoi gian thiéu két 60 phut bao nung duge Iay ra, phan ph01
liéu nam sat thanh bao nung khoang 2 cm 1a san pham tao ra tr phan img hoan toan (1), 46 la
khdi luong SiC thu duoc sau phan img. Phin vét fiéu trong 15i 10 1a hén hop SiO; va graphite,
doi hoi nhiét 49 thiéu két cao hon duge 14y ra dé lam phéi Liéu cho dgt thidu Két sau.

Hinh théi hoc bé mat cua mau duge khio sat rén hién vi dién tr phét xa trwong (FE-SEM)
Hitachi S - 4800. Phan tich cdu tnic tinh thé dugc tién hanh trén may nhidu xa tia X “D-5000”.
Nhiét d6 phan img gitta SiO; va graphite tao ra SiC dugc xac dinh nhd phan tich nhiét vi sai
(DTA).
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(2) (b)
Hinh 1. So db nguyén 11 16 dng dién tro graphite (a) vA phin bd nhiét d3 cia 16 (b): 1 - Ong dién
cyc graphute; 2 - Hai 6p cyc biing dbng 3 - Hat budng 1am ngudi bang nu&c 4 - Hai thanh dién curc
bing ddng; 5 - Thuyén graphit; 6 — Tam graphit; 7 - Ong graphit; 8 - D4 thi phin bé nhigt.

3. KET QUA VA THAO LUAN
3.1. Ché tao SiO,

Tir thye nghiém ching t6i nhan thy kich thude cic hat Si0, giam din theo chidu !ang cua
thoi g:an qua moi dot nghien ning luong cao. Hinh 2 13 4nh FE-SEM chup méu Sio, tong hop
tir tro triu lia sau khi 1am sach. Hinh 3 la anh FE-SEM ciia miu b6t Si0, sau khi nghién nang
luong cao véi thai gian khac nhau. Cac anh ndy cho thay, lic ddu bt Si0; ¢6 kich thuéde iy 3 -
10 um (Hinh 2). Sau khi nghién tir 15 phat dén 30, 45 va 60 phut, kich thuéc hat SiO, giam
xudng tir 5 m cén khodng 45 nm (Hinh 3 a, b,c va d).

Két qua khao sat kich thuéc hat SiO, (1) phu thuoc vao thai gian nghién cho thiy, déi vei
cung mdt i 1¢ lugng bi va bot SiO,, sau 30 phut nghién, kich thudc hat cia bot Si0;, gin nhy
khéng giam (kich thudc gidi han cta phuong phip) va dat gia tr khoang 50 nm. D6 thi phu
thudc thoi glan nghién cla kich thuéc hat dugc trinh bay trén Hinh 4. Két qua nay cho thiy qué
trinh nghién niing luong cao ddi vén SiO, ¢6 kich thude khoi diu ~ 5 um dé tao ra $10; nano véi
kich thuéc hat ~ 50nm c6 thé dimg sau khoang thoi gian 40 phit.

Hinh 2. Anh FE-SEM ciia bt SiO, sau khi lam sach, d ~ 5 um.
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Hinh 3. Anh FE-SEM ciia cac mu bdt SiO; sau khi nghién nang lugng cao véi thai gian t = 15 phit cho
d=1pm (a), t =30 phit cho d = 100 nm (b), t = 45 phit cho d = 55 nm (c) va t = 60 phit cho
d= 40 nm (d).
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Hink 4. Kich thude hat SiO, phu thudc vio thei gian nghidn

Trén Hinh 5 1a gian 48 nhidu xa tia X (XRD) cua mau SiO, sau khi nghidn nang luong cao
v&i thoi gian 60 phit. C6 ba dinh nhiéu xa tmg v6i phan xXa cia c4c ho mit tinh the ¢6 khodng
cach bang 0,426 nm; 0,334 nm va 0,182 nm. Céc dinh nay déu tring hgp vé1 cac dinh dac trung
ctia céu tric tinh thé SiO; [10] vA trén gian db XRD khong quan st thay dinh nhiéu xa cia pha
tinh thé khac. Hon nira d§ ban réng cua cac dinh () d&u kha 14m, chimg to vét ligu bt Si0; c6
cu tric nano.
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Hink 5. Gian d nhidu xa tia x (XRD) cia mau SiO, sau khi nghién 60 phit.

Kich thuéc hat duoc tinh bing céng thirc Sherrer [11]:
094
Pxcosd

Trong d6 A 14 budc song tia X sir dung (4bi véri bng phat tia X bang ddng, A = 0.14506 nm),
0 - gbc nhiéu xa. B tinh theo don vi radian 12 49 rong cla dinh XRD tai mét nira chidu cao cia
dinh (46 ban rong). Kel qué x4c dinh B tir gian @5 XRD va thay vio cng thirc trén cho tht ca cc
dinh nhiu xa cho thdy gi4 trj trung binh cta kicb thuéc hat SiO, vao khoang 40 — 50 nm. Gid trj
nay hoan toan phi hop véi Két qué do kich thuéc hat trén aoh FE-SEM (Hinh 3d).

@

3.2. Tong hep SiC tir nano SiO, v graphite tyr nhién

Pé 1am sach Fe,0,, CaO va cic tap chél khac, graphlte thd duge ngam trong axit clohydric
(HCI 10%) trong khoang thdi gian 24 gid, rdi rira sach béng nuée khir ion. Dung axit flohydric
(HF 10%) hoa tan SiO; (trong 24 gi®). Thanh phin tap chit cia graphite sau khu xir li dugc phan
tich biing phuong phap héa hoc tai Vién Céng nghé, B Quéc Phong[12]. K&t qua phan tich
duoc trinh by trén Bang 1, bang nay so sanh thanh phén tap chét trong graphite thé va sau khi
dugce lam sach.

Bang 1. Thanh phin hoa hoc cua graphite Yén Bai trudc va sau khi xir li tap.

61T Thinh phin Phin trim khéi luong (%k1)
Graphite thé [12] Graphite sau xi I
| Graphite 72-78 95,5
2 Sio, 4-6 2,5
3 Fe,03 8-10 0
4 Ca0 1-3 0
5 MgO 1-2 0
6 ALO; <1 <0,5
7 K.O <1 0
8 Tap chét khac ~2% <0,5
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Tir Bang 1 nhin thiy, 4 sach cia graphue da dat dugc dén 95,5% K, cic tap chit khac da
hét hoiic chi con dusi 0,5%kl. Riéng SiO, con 2,5%Kkl, fuy nhién vi trong cong nghé tong hop
SiC ¢6 sir dung nano SiO; nén tap nay khéng anh budng dén chit luong cia vat liéu tdng hop.
ALO; va tap chét khac ciing s& hoa hoi hét trong qua trinh thiéu két nhiét dd cao.

Hén hop graphite ty nhién va tro trdu dugc nghién tron trén may nghién léch tim vio do
phan tich trén mdy phén tich DTA dé xac dinh nhiét 49 phan img xay ra gitta graphite va tro trdu
dé tgo ra SiC. Két qua ghi DTA trinh bay trén Hinh 6.
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Hinh 6. Gian db x4c djnh nhiét dé phan {mg tao thanh SiC tir graphite tr nhién véi nano S10,

Tir khoang 800 °C dén 1300 °C qu4 trinh hoan nguyén SiO, dién ra (mét 6xy), tao thinh
SiCO nhu trén phuong trinh (1) nén khéi lueng giam, khi hoan nguyén két thic qua trinh phan
tmg Si véi C 4 dién ra. Gian d6 DTA cho théy phan img SiO, v6i C xdy ra tai nhiét 46 khoang
1550°C (Hioh 7). Khi hdn hop nano SiO; + C duge thiéu két & 1550°C phan tmg tao SiC - phan
ung (1) da xay ra hoan toan. Két qua phan tich cho thay khong con cacbon dur va “18i SiO," ndm
gilta hai 16p SiO; va graphite. That vy, Hinh 7 la két qua ghi gian dd nhidu xa na X (XRD) [
miu thiéu két d6. Gian 45 XRD gém cac dinh thudc céu tric tinh thé SiC, pht hop vai Kkét qua
di cbng bd trirde day [13), khong cb dinh nio thuge SiO,, C va cac tap chat khac. M{t sé dinh
img v&i gid tri khoang cach mat mang (d) 0,2509; 0,2180 va 0,1540 nm, twong img ho mit phin
xa (111), (200) va (220) c6 dudng d$ lon. Da so céc dinh c6 do ban rdng (B) nho hon so véi
trudng hop cdu tric nano SiO;, chimg to SiC c6 chu triic hat 16n hon.

Cuorng d (Cps)

30 40 50 60
261d3)
Hinh 7. Gian 83 nhiu xa tia X cua mfu thidu két hdn hop nano SiO, + C tai 1550°C.
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Tuy vdy trén gian 45 XRD van c6 mot 56 dinh ¢6 B tuong duong véi cac dinh rén gian b
XRD ciia SiO;, thé hién trong mau SiC tén tai mot sb hat kich thuée nano. Piéu nay ciing duge
th& hién khi hinh thai hoc cta cic miu SiC dugce khdo st bing hién vi dién tir quét FE-SEM.

Hinh 8a la anh SEM chyp hén hop nano Slo; v C trude khi thiéu két. Anh niy cho thiy
bét nano Si0O, da bam kha déu trén bé mit cic hién graphite. Sau khl thiéu két khoang 1 gig,
phan u'ng xdy ra bdt nano SiO, vA graphite d ket hop thanh SiC vai cdu triic bt kha min (Hinh
8b). Phéi ligu min nay ¢ thé d& dang gia cong, ép khudn tao ra phlen hoiic thanh cacborun (SiC)
6 d0 sach cao 1am cac tim k&, g&i hay céc thanh dét trong 10 nhlel do cao, v.v...

Hink 8. Anh FE-SEM chyp m#u hén hop nano-SiO; + C truée khi thidu két (8) va méu thiéu két
tai 1550°C, thén gian 60 phit (b).

Trong qua trinb thyc nghiém, khi sir dung mét sé hdn hep tro triu chua xir 1i tap chét,
ching 15i phét hién SiC moc thanh hinh que (Hinh 9), khdc véi SiC thiéu két tir hén hop tinh
khiét nano SiO, va graphite sach. Hon nita, nhiét d thiéu két hdn hop chira tap chét giam dang
k&, chi con khoang 1250 °C.

Hinh 9. Anh FE-SEM ctia miu SiC thiéu két tir hdn hop SiO;+C chira tap chét.

Chc két qua trén cho thiy hinh théi hoc cua SiC thiéu Kkét tir C véi SiO, sach va chira tap
chit la hozm toan khéc nhau: déi véi nano Si0, sach SiC nhén duoc dudi dang bdt min, trong
khi d6 déi véi Si0; chira tap chét phan 1én SiC két tinh thanh hinh que. Viée SiC moc thanh
hinh que chung 16 qua trinh két tinh xéy ra theo mot 56 hudng uu tién nhat dinh nhé chét xic tic
1a tap chat Fe;04, CaO bay AlL,O,. Nhimg tap chal nay déng vai t1d cac chét xic tac véi nhimg
t3m graphite, din dén nhiét 6 “eutectic” ha thap va hinh thanh mam SiC theo mot 6 huong wu
tién, tir d6 SiC véi thiét dién day kich !huac vai chuc nanomet tiép tuc phét men dai ra dén vai
micromet (Hinh 8). Tu phit hi¢n méi v& két tinh hinh que cua SiC, c6 thé d& xuat nhimg nghlen
ciru tiép theo vé co ché moe que nano SiC, to ra vit ligu nano SiC hinh que. Vat li¢u ndy co thé
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dwa vao img dung thyc nen trong cong nghé ché tao chip diét phat quang (LED) phat buéc song
nr ngoai hay lam vat ligu t6 hop v&i polymer din dién véi nhimg tinh chat dién, quang dién o va
quang b noj trdi khac.

4. KET LUAN

Be;mg cong nghé nghién nang lugng cao, vit lidu nano SiO; véi kich thudce hat ~ 50 nm d3
duoc ché tao tlr tro triu sau khi xir li sach cdc tap chét. H3n hop nano-SiO, va graphite dugc
thiéu két tai nhiét d 1550°C trong thoi gian 1 gio, phan img hoan ton tao ra cacborun (SiC) 42
xay ra. San pham bt min SiC nhén dugc ¢6 4§ sach cao, gid thanh ha c6 thé 1 ung dyng lam tm
ke, gon dé trong cdng nghé gbm sit hay cac thanh dét trong 16 nhiét dd cao.

Viéce phat hién SiC két tinh hinh que khi su dung hdn hop nano-SiO, chira tap chét dé thigu
Kkét mé ra hudng nghlen ciru tiép theo nhidm ché tao vat ligu nano SiC que. Vit lieu que nano SiC
¢6 thé str dung dé ché tao chip LED tir ngoai hay ché tao vt li¢u 13 hop nano chirc ning, trong
d6 ¢6 18 hop polymer din dién v4i nhimg tinh chit dién va quang dién tir ndi trdi.

Lai cam on. Nghxen clru ndy duge tAi trg boi Quy phat wién khoa hoc va cdng nghé quéc gia
(NAFOSTED) trong dé tai ma sb “103.02-2013.39".
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ABSTRACT

INVESTIGATION OF TECHNOLOGY FOR PREPARATION OF SiC FROM NANO S§i0,

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 SiO, powder with a particle size of ~ 50 nm
(nano Si0,) was preparcd from rice husk ashes. Heating at 1550 °C for | hour, the complete
reaction of the mixture of nano-Si0, 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 oveos and resi: tubes in high perature furnaces. From
the investigation it was observed that SiC was grown in the form of nano-rods when using nano-
S10; containing impurities of Fe;0,, CaO or Al,O,. This suggests useful applications for ultra-
violet LED chips and polymeric nanocomposites with specific optoelectronic properties.

Keywords: high-energy muliing method, heating, nano SiO,, carborundum (SiC).
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