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This article presents the results of fabrication of silica (SiOy)
nanoparticles with size larger than 100 nm by Stober method from the
precursor Tetraethyl octhosilicate (TEQOS), (C,Hs0),-Si in ethanol
solvent. Silica SiO, nanoparticles were formed through the solgel
reaction form a porous matrix. The SiO, nanoparticles after fabrication
were investigated for morphology and size through scanning electron
microscopy (SEM). Information about the structure of SiO,
nanoparticles was studied through X-ray diffraction (XRD) and Fourier
transformed infrared spectroscopy (FT-IR). The stability of the
particles in the solvent were investigated through measurement of
Dynamic Light Scattering (DLS) and Zeta potential (). The results
show that, SiO, particles have spherical shape, uniform size,
monodisper, stability in the solvent, amorphous phase structure. After
fabrication, SiO, particles with large size (~130 nm) were mixed in
lubricating solution and tested in composite drilling, the results show
that the fabricated SiO, particles have many potential applications in
mechanical processing.
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Bai b4o nay trinh bay két qua ché tao cac hat nano silica (SiO,) kich
thudc hon 100 nm bang phuong phap Stober tir tién chat Tetraethyl
octhosilicate (TEQOS), (C,H50)4-Si trong dung méi ethanol. Cac hat
nano silica SiO, dugc hinh thanh théng qua phan &ng solgel tao thanh
nén x&p. Céc hat nano SiO, sau khi ché tao duoc khao sat vé hinh thai,
kich thuéc théng qua anh hién vi dién tir quét (SEM). Théng tin vé ciu
trac cua hat nano SiO, duoc nghién ctru thong qua phd nhidu xa tia X
(XRD) va ph6 hong ngoai bién dbi Fourier (FT-IR). Do 6n dinh cua hat
trong moi truong dugc khao sat thong qua phép do tan xa anh sang
dong (DLS) va thé Zeta (). Két qua cho thdy, cac hat SiO, ché tao
dugc co6 dang hinh ciu, kich thuée d(“)ng déu, don phan tan, 6n dinh
trong moi trudng, cau tric pha vo dinh hinh. Cac hat SiO, c6 kich thudc
I6n (c& 130 nm) sau khi ché tao dugc pha trong dung dich boi tron va
thir nghiém trong khoan composite, cac két qua cho thay hat SiO, ché
tao dugc ¢6 nhiéu tiém ning wng dung trong gia cong co khi.
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1. Mé dau

Hat nano silica 13 cac hat SiO, x6p kich thugc nano, nén silica lai 6n dinh vé céu trac, khong
ddc, c6 kha nang tuong thich cao véi cac méi trudng. Hat nano SiO, c¢6 nhidu ung dung rong rai
trong nhiéu linh vuc khac nhau, do d6 duoc nhiéu nha khoa hoc quan tam ché tao va khao sat cac
tinh chat cua chiing. Mot sb linh vuc ng dung cac hat nano silica nhu: quang dién tur, phu gia
dau khi, xtic tac, mang phii quang hoc, dan thude, danh dau sinh hoc [1] - [9]. C6 ba 'phuong phap
co ban dé ché tao hat nano silica, 6 1a Stsber, micelle thuan va micelle ddo. Biém ¢t 16i cua viéc
ché tao 14 tao cac phan tng sol-gel cua cac alkoxit silic trong cac trung tim phan tmg kich thudc
nano, tir d6 hinh thanh cac mang nén Sio, xép kich thuéc nano. Kich thudc cua hat phy thude
vao kich thudc cta cac trung tim phan ung.

Uu diém ciia hai phuong phap micelle thuan va micelle dao 1a tao dugc cac hat nano silica
kich thudc nhé, tinh don phan tan trong dung méi rat tot. Tuy nhién, nhugc diém cua cac phuong
phap nay l1a ché tao phirc tap do phai str dung cac chat hoat dong bé mit dé tao cac trung tim
phan tmg, do d6 can phai c6 thém mot budc 1a loai bo chat hoat dong bé mit sau khi ché tao dé
st dung duoc cac hat silica. St dung cac phuong phap micelle cé thé ché tao dugc cac hat silica
kich thuée 10-100 nm [10], [11]. So v6i cac phuong phap micelle thi phuong phap Stober don
gian hon vi khong str dung hoat dong bé mit, cic hat ché tao bang phuong phap nay thuong ¢
kich thuéc 16n hon, tir 50 nm téi 2 pm [12], [13]. Do d6, dé sir dung hat nano silica véi cac muc
dich khac nhau, ngudi ta lya chon mot trong cic phuong phap néu trén dé ché tao cac hat nano
vdi kich thude phu hop.

Phuong phép Stober duoc phat minh ra bai Stober va cac ddng nghiép vao nam 1968, do6 1a
Viéc tao ra cac hat nano, micro silica dua trén phan ng thuy phéan precursor silica alkoxide
(tetraethyl orthosilicate —-TEOS hoac methyltetracthy orthosilicate MTEOS) trong cac loai ruou
nhu methanol, ethanol, npropanol va nbutanol hoic trong hon hop cac ruou ciing nhu trong cac
8te v6i xc tac 1a ammoniac. Trong diéu kién ndng do rat thip cua cac tién chét, cac hat silica
hinh thanh thay thé cho cac mang gel rin. Kich thuéc hat c6 thé diéu khién trong khoang tir 50
nm t¢i 2 pm bang cach thay d6i nong d6 ammonia, ty 1¢ alkoxyde va nudc va thay ddi loai dung
mdi [14]. Hat SiO, do 1a cac hat xbp, c6 do dan hoi va do bén co hoc cao nén khi st dung ching
trong cac dung dich bdi tron s& giam thiéu ma sat va luc khoan cét, do d6 dat hiéu qua cao trong
gia cong co khi ndi chung va khoan noi riéng [15], [16].

Trong bai bao nay, chiing t6i nghién ctru ché tao va khao sat cac tinh chét cua hat silica SiO,
v6i kich thudc 16n hon 100 nm, sau d6 phan tan chung trong ddu dau nanh va thtr nghiém dung
dich nay trong viéc khoan composite.

2. Thuc nghiém
2.1. Héa chit

Ethanol (C,HsOH, Merk, 99,9%), Tetraethyl octhosilicate (TEOS) ((C,Hs0)4-Si, Sigma-
Aldrich, >99%), Ammoniac, NH,OH, Sigma-Aldrich, 28-30%.

2.2. Ché tgo hgt nano silica véi dung méi ethanol

Pha 250 ml ethanol véi 20 ml NH,OH, dung dich hdn hop trén duoc tron déu trén may khudy tir
trong khoang 30 phit. Tiép theo, nho tir tir 2,5 ml TEOS vao hdn hop dung dich trén. Phan tng dién
ra trong diéu kién nhiét d6 phong va khudy tron & téc do trung binh (khoang 600 vong/phut).
Thyc hién khudy tron khoang 20 — 24 gio ¢é dam bao phan ng tao hat SiO, xay ra hoan toan.
Céc hat duoc rira 4 1an trong ethanol bang li tim dé loai bo cac chit con du. San pham thu duoc
dé kho ty nhién tai nhiét do phong va st dung dé khao sat cac tinh chat ciing nhu cac wng dung
tiép theo.
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2.3. Cdac phwong phdp khdo sdt dic trung

Hinh thai va kich thudc hat dugc khao sat thong qua anh hién vi dién tir quét SEM Hitachi S-
4800. Phuong phéap do tan xa anh sang dong (DLS) dung dé khao sat duong kinh thuy dong hoc.
Phan bd kich thuéc hat va thé Zeta duoc khao sat trén thiét bi cuna Malvern-UK. Céu trac vat liéu
ché tao duoc xac dinh théng qua phd hap thu hong ngoai bang pho ké hong ngoai bién doi
Fourier IMPACT 410 — Nicolet va phan tich bang cach sir dung phuwong gian d6 nhiéu xa tia X
(XRD) do bang may nhiéu xa D2 PHASER cua Bruker.

2.4. Thiz nghigm si dung hat nano SiO, lam dung dich hé tre boi tron

Pé sir dung hat nano silica trong ung dung lam dung dich hd trg boi tron trong khoan
composite, hat SiO, dugc tron vao dau déu nanh véi ty 1€ 1% khoi lugng. Dung dich hon hgp sau
d6 duogc rung siéu am va bao quan ¢ dieu kién nhiét d6 phong.

3. Két qua va thao luan
3.1. Hinh dang, kich thwoc cia hat nano silica

Str dung dung mai ethanol ché tao hat silica bang phuong phéap Stober chiing t6i thu duoc cac
hat silica c6 dang cau, don phan tan. Trén hinh 1 1a anh SEM cua hat SiO, c6 kich thuéc khoang
130 nm, cac hat twong dbi dong déu, van con xuit hién mot sé hat nho hon trong mau ché tao.
Phuong phép Stéber ¢6 wu diém 1a ché tao don gian vi khong st dung chat hoat dong bé mit, cac
hat ché tao duoc c6 kich thudc 16n trén 100 nm, pht hop cho cac (ng dung trong gia cong co khi,
tuy nhién, nhugc diém 1a cac hat thu duge khong don g déu.

IMS-NKL x50.0k SE(M) 1 .00um IMS NKL ><1 0. Ok SE(M)

Hinh 1. Anh SEM cua hat silica SiO, ché tao bang phwong phdp Stober
3.2. Duwong kinh thuy dopng hoc (DLS) va thé Zeta

Két qua khao sat duong kinh thity dong hoc va thé Zeta ctia hat nano silica dugc trinh bay trong
Hinh 2, cac s liéu chi tiét dugc chi ra trong Bang 1. Cac két qua cho thay duong kinh thuy dong
hoc cia mau Ién hon duong kinh thuc duoc xac dinh qua anh SEM khoang 5%, diéu nay dugc giai
thich 1a phuong phap DLS 1a phuong phép do kich thudc bao gom ca cac nhom chirc ning trén bé
mit hat, chinh vi thé kich thudc cua hat s& 16n hon so véi kich thude do bang anh SEM.

Chung t6i ciing tién hanh xac dinh thong s6 PDI ((Polydispersity Index) — chi s6 phan bé kich
thudc va d6 phan tan. Theo tiéu chudn ISO 22412 (2008) [17], PDI dugc dinh nghia 1a thuge do
khong thir nguyén cua do rong phan bb kich thude. PDI ¢6 gia tri nam trong khoang 0 dén 1, khi
PDI < 0,3 thi mau c6 phan bé kich thuéc hep va mirc do phan tan tét. Thong s PDI trong Bang 1
cho théy chi sé PDI cia mau 1a 0,05, diéu d6 c6 nghia 1a sy phan bé kich thudc hat hep va cac
hat phén tan tot trong moi truong, gian dd phan b kich thuéc trong Hinh 2 ciing da cho thiy kich
thudc hat phan b hep va chu yéu tap trung ¢ kich thude 130 nm. Pay 14 yéu té quan trong dé co
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thé su dung céc hat trong dung moi hodc moéi trudng phan tan, nham phuc vu cho cac &ng dung
tiep theo. Mat khac, cac ket qua do the Zeta cho thay, thé Zeta cua dung dich hat 1a -33 mV,
chiing to cac hat nano c¢6 tinh 6n dinh cao trong moi truong.

Bang 1. Cdc théng sé cia cdc mau hat nano silica

Miu Kich thuge (SEM) — Dudng kinh thiy Thé Zeta(mV)  Théng sé PDI
(nm) dong hoc (nm)
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Hinh 2. Phdn b6 kich thuéc theo cuong dé va phdn bé thé Zeta ciia mau hat nano SiO.,
3.3. Cdu triic hod hoc
3.3.1. Phé hdp thy hong ngogi

Pé xac dinh cu triic va nhom chirc hoa hoc lién két trén bé mit hat silica, cac mau hat da
dugc do pho hap thu hong ngoai. Pho hap thu hdng ngoai dugc ghi trén may quang phé hong
ngoai bién doi Fourier IMPACT 410 — Nicolet. Hinh 3 trinh bay pho hap thu hong ngoai cua hat
SiO, ché tao bang phuong phap Stéber trong dung méi ethanol.

Phan tich phd hap thu hong ngoai cua hat nano SiO, ché tao trong dung méi ethanol cho thay,
phd bao gom cac vach dic trung cho cac dao dong cua lién két Si-O (540, 1033, 1120 cm™, dao
dong cua lién két Si-CH; (777, 1276, 2928, 2973 cm™), vach dao dong cua -OH & s song 907
cm™ va & s6 séng 3.300 cm™, ddy 1a dao dong cua nhém chirc ning -OH trén bé mit hat [18].
Diéu d6 chirng to, cac hat nano silica dwoc ché tao thanh cong.
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Hinh 3. Phé hdp thu hong ngoai ciia hat nano silica SiO,
3.3.2. Gidan dé nhiéu xqa tia X

Céu triic tinh thé cua cac vat lidu duoc khao sat thong qua phép do nhiéu xa tia X trén hé do
D2 cua Phraser (Hinh 4). Phép do duoc tién hanh trén mau bot kho da duoc dan phang 1én dé cua
may do. Giai do duoc khao sat trong ving goc nhidu xa 26 tir 15 dén 70 d6. Hinh 4 1a gian d6
nhiéu xa tia X cua vat liéu nano SiO, ché tao bang phuong phap Stéber. Tir gian db hinh 4 ta thiy
mot dinh pho nhidu xa rong ¢ khoang 23 d6. Pay 1a dinh nhiéu xa dic trung cua vat liéu SiO, &
pha vo dinh hinh. Ngoai ra con c6 cac dinh nhiéu xa khac dugc cho 1a tap ¢ trén vat liéu. Diéu
nay chang to rang chung t6i da thanh cong ché tao hat nano SiO, bang phuwong phap Stéber.

—sio,

Cuwdng do (avty)

20 30 40 50 60 70
goc 2 theta (dé)

Hinh 4. Gign d@é nhiéu xa tia X cia hat nano silica SiO,
3.4. Thar nghi¢m #ng dung hat silica trong khoan composite

Hinh 5 14 hinh anh mii khoan véi cac diéu kién co va khong c6 boi tron gia cong trén tim
nhya composite co chira soi carbon vai bé day 5 mm. Miii khoan st dung vai thiét dién c6 duong
kinh 3 mm, tbc d6 quay 1a 2000 rpm véi téc d6 dich chuyén 1 mm/s. Hinh 5(a) cho thiy miii
khoan khi gia cong kho s& bi mai mon nhanh chong chi sau 3 1an khoan. Bang hinh thic tudi
tran, 1an khoan thir hai dwoc thuc hién véi dung dich boi tron 13 dau dau nanh thi c6 thé thiy
duge d6 mai mon cua mili khoan da duoc cai thién twong ddi voi d6 mai mon it hon sau 3 lan
khoan (Hinh 5(b)). Khi pha hat SiO, ché tao dugc bang phuong phép Stéber & trén vao dau dau
nanh vdi ty 16 1% khdi luong, ching t6i da sir dung dung dich nay lam dung dich bdi tron cho 14n
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khoan thtr 3 va thu duoc hiéu qua t6t hon. Hinh 5(c) cho thiy mii khoan sau 3 lan khoan da dugc
cai thién dang ké vé d6 mon co hoc. Piéu nay c6 thé duoc g‘iéi thich do tac dung cua cac hat SiO,
trong dung dich boi tron da lam giam ma sat dang ké gitra bé mat tiép xuc cta dau miii khoan.

Hinh 5. Hinh dnh miii khoan gia cong khé (a), gia cong véi dung dich khong co hat SiO, (b),
gia cong véi dung dich béi tron c6 chira hat SiO; (C)

4. Két luan

Nghién ctru da ché tao thanh cong hat silica c6 dang hinh cau véi kich thuéc khoang 130 nm
bang phuong phap Stober. Két qua duong kinh thuy dong hoc va thé Zeta cho thiy, dudng kinh
thiy dong hoc caa mau Ién hon dudng kinh thye duoc xac dinh qua anh SEM khoang 5%, chi s6
PDI ciia mau la 0,05, nghia 1a kich thudc hat kha dong déu va cac hat phan tan t6t trong moi
truong. Két qua do thé Zeta cho thdy, thé Zeta cua hat 1a -33 mV, chung to cac hat nano c6 tinh
on dinh cao trong méi truong. Hat silica SiO, ché tao dwoc di duoc thir nghiém lam dung dich
boi tron tudi tran trong khoan tdm composite co chtra soi cacbon va cho hiéu qua khoan tot hon
s0 v6i khi khoan khong ¢ hat nano silica. Két qua trén mé ra tiém ning (ng dung 16n cho céac
hat nano silica trong gia cong co khi va boi tron lam nguoi.

Loi cam on
Nghién ctru nay dugc tai trg kinh phi tr B Gido duc va Dao tao trong dé tai ma s6 B2022-
TNA-27.
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