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TOM TAT

Nghién d¢ru naydé cap dén qua trinh chc ning héa 4t liéu nanosilica, ® dung mbt hop
chit hiru o chia silic. Broc dau tién @a qua trinh cic ning hoa la ngamam vat ligu
nanosilica ¢i polydimethylsiloxane. Qua trinh ¢b ning hdadugc hoan thén bang cach &y
khd Mon hop ngam 4m va nung Bn hop tai 350°C trong thoi gian 4 gb. Kha nang hip phu cia
hai laai vat liéu nanosilica va nanosilica &b ning héadugc kiém ching dé minh ching cho
kha nang hip phu vuot troi cua VAt liéu nanosilica sau ¢fe ning hda. Cacdt qua chi ra ing vat
li¢u nanosilica chic ning hoa c6 dungrbng hap phi cao dp nhiu lan so i nanosilica théng
thudng, Wi nguyén nhamén tr sr thayddi, bién tinh B mat caa nanosilicait va nréc sang k
nudc. CAc plrong phap phan tich héa I slung trong nghiénieu nay bao §m phd FT-IR, anh
TEM va phrong phap TG-DTA.

Tu khoéa nanosilica, TEOS, nanomaterial, functionalizatio

1. MO PAU

Ngay nay, @m ning sr dung aia cac ¥t li¢u trén o 5 silica, dac biet la nanosilica at
rong rai, bao gm nhiéu linh wrc nhr 1am chit mang cho xdc tac, lam #thdin thuc trong ©
thé, 1am chit hap pha dé xir Ii nuéc thai, cacing ding trong khai thac vaip phu dau mo, thu
hoi va khic phuc dau tran... [1 - 4]. Nanosilica c6 dungdng hap phy 16n dbi véi nhiéu chit, co
thé dua & dang c6 t trong rt nho, vadiéu khién & dang gia trnay théng qua cac quy trinh
téng hop codinh hrdng kich thrge hat haic ciu triic mao gén.

Tuy Ay, V& mat ban chit hoa ke bd mit, vat liéu nanosilica c6 tinkra nréc do chira kha
nhiéu nhém silanol (Si- OH)dléu nay lam hn ché kha ‘nangring cing aia n6,dac biét trong cac
rng dang hip phu cac clit khéng phangc, ma pld bién nht 1a sin phim diu mo [5, 6]. Dodo,
vat ligu nanosilica an phii dugc bién tinh k& mat, chinh xac bn 1a hru o hoa & mat dé co tré
dat dugc cac dunguong hip phu dau cao lvn, quadé mo rong khi nang ting ding aia n6 trong
thuc . C6 nhéu phrong phap Hin tinh k& mit caa nanosilicadd duoc cong B, vi du nhu
pheong phap nhing nanosilica trongthaung dch epoxy loéng, Bh tinh king cHit hoat dong
bé mat cationic, circ hda Bing cac kp chit closilan, 8o cac lyp chit nanosilica — composit...



Hoang Thj Phuong, Nguyén Khanh Diéu Héng

[7]. Trong dd, phrong phap kin tinh \at ligu nanosilica theo quy trinh ¢b héa B mat bang
cac cht co tinh k nuéc ladon gian nhit, nheng mangdi hiéu qua rat cao. Theald, V6i viéc ar
dung mdt chit chac hoa thich bip, c6 kh ning to ra ndt loai vat liéu nanosilica i cé ciu
trdc, kich throc hat twong tr nhu vat ligu bandau, nhing thaydéi hoan toan & tuong quan k
nudc —ua nrdc trede va sau khi ainc hda.

Trong bai b4o nay, ching tdira ra Kt qua chic héa B mat vat liéu nanosilica ch tao
dugc, clng ¥i do la thr nghiém tinhing cung aia \at li¢u nanosilica ciic héa Wi kha nang
hap thu diu thd Bach Ho caa Viét Nam.

2. PHUONG PHAP NGHIEN CUU
2.1. Hba chit

Cac hda ciit sir dung dé tong hyp nanosilica baodn: tetraetylorthosilicate (TEOS), dung
dich NH; 25 %, etanol (@14s0H), va cetyl trimethylammonium bromide (CTAB) mgaa
Merck.

Hoa clit dé chic hoa I8 mat vat ligu nanosilica chtao dugc 1a polydimetylsiloxan, dung
m0oi ar dung cho qua trinh ctt hoa la n-hexatéu mua ¢a Merck.

2.2. CHé tao vat li éu nanosilicachic héa

Vit liéu nanosilicatuoc ché tao theo plrong phapdugc dua ra trong bai baowsc day [8],
sir dung tién chit TEOS, dung méiwmdc két hop voi etanol, xtc tac [a dungech NH, chit hoat
dong k& miat CTAB. Hon hop tién chit, dung méi, xtc tac va éhhaat ddng k& mat dugc tinh
toan va pha &tm theo trong va quy trinhda tim ra trong bai b4o. Quy trinhihhoa it liéu
nanosilicaduogc thuc hién theo cac toc sau:

Can chinh xac 4 gév liu nanosilica cho vaodc. Can tép mbt luong chinh xac 1 g
polydimetylsiloxan cho vaooe chra nanosilica. ln hop duoc phan tan trong 50 ml n-hexan,
khuay tron deu.

Han hop tiép tuc duoc khidy tron tai nhiét do phong chaién khi n-hexanit bay tvi hét.
Saudo dua bn hop vao t say tai nhiét do 100°C trong thi gian 5 gb. H3n hop sau khi 8y
duoc nghén min i dua vao éc nung, nunga nhiét @6 350°C trong thyi gian 4 gb trong [0
nung, dat téc do gia nhét 1a 4 °C/phat. Thi gian nung tinhit khi nhiét d6 trong 16 nungdat
350°C.

2.3. Thir nghiém kha ning hap phu dau cia vt li éu nanosilica trréc va sau qué trinh chirc hoa

Qua trinh Bp phu dugc thre hién trong méi tedng nrdc bién véi thiét bi chia nréc lam
bang thiy tinh, c6 dng hinh bp chir nhat véi kich thrde dai x Bng x cao 1a 20 cm x 50 cm x
10 cm. Thét bi c6 th duoc gia nhét bang cachdit trén Ep dién, két hop voi nhiét ké dé duy tri
nhiét do thich kyp cho qué trinh4p phy dau.

DAu thé sr dung cho qué trinhdp phu 1a diu thd By tr mé Bach HO caa Vist Nam. Quéa
trinh Hip phuduoc thyc hién nhr sau: can @t lugng diu thé & dinh cho ndi 1an thi nghém va
cho vao thit bi chira nréc, diu thd $ loang kkip mit thoang; sadé can chinh xac 0,1 givv
lidu hip phu ric déu trén I8 mat nugenhiém diu; qua trinh p phu duoc thyc hién tai nhiét do
30 °C trong céc khing thi gian khac nhau; sadb, chit hip phi duoc loc khoi nuéc nhigm
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dau. Tong lrong diu hap phy trén cfat hap phy dugc tinh toan theo cong s dua ra trong bai
bao [8], quaio tinhdugc dung trong hap phu cua Vt liéu thir nghiém bing ti so khoi lugng diu
hap phy/khoi lwong Vat liéu ar dung.
2.4. Cac phrong phapdac trung vat li éu nanosilica trwéc va sau khi chirc hoa

Anh TEM duoc chup trén may Field Emission JEOL 11G0 Vién Vé sinh Dich € Trung

wong. P hong ngai (FT-IR) do trén may Shimadu IR Prestige-2d truong Dai hoc Bach
khoa Ha N.

3. KET QUA VA THAO LUAN
3.1. Pt FT-IR cuia nanosilica tnwéc va sau chikcc hda

Ph FT-IR aia vt ligu nanosilica tréc va sau qua trinh ¢b héa ling polydimetylsiloxan
duogc the hién trong Hinh 1. Cacét qua phan tich th hién nhr sau:
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Hinh 1Ph FT-IR dia nanosilica tréc va sau khi clic hoa.

Vi vit ligu nanosilica twéc khi chic hoa, ph FT-IR chra nhéu pic dic tneng cho céac
nhom chirc c6 trong Wt liéu nhr: cac pic 4i cAc $ séng 3454,9 cthva 1640,4 cm dic trung
cho cac nhém —OH&mit, pic &i sb séng 1098,4 cthdic treng cho daalong kéo dana lién
két Si-O-Si, pic 4i s6 song 961,7 cihdic trung cho daatong aia lién Kt Si-OH (trc la cac
nhém silanol), picdi s6 séng 802,6 cihthuyc v daodong aia cac & dién SiQ, va pic ki o
séng 485,9 crhdic trung cho daaldong wn cong da ke Si-O-Si [2, 4, 6].

Nhu vay, c6 the thiy, ngoai cac nhém —OH daréic hap phy ludn lubn xit hign trong it
liéu nanosilica @ sb séng 3454,9 ci) do tinh clit hip phu vat Ii yéu, nanosilica tréc khi
chirc héa clra mbt lugng cac nhdm silanolrtdo (Si-OH)duoc ching minh qua pb FT-IR. Day
la nguyén nhan chyéu gay ra tinhra nréc yéu (haic tinh K nuge chra manh) aia nanosilica
2, 4, 6].

Sau khi clic hoa ting polydimetylsiloxan, & co ban cac nhom alrc xuat hién trong Vit
liéu nanosilica Hin tinhdéu kha trong ddng Wi nanosilica tedc khi chic hoa, tc 1a Van chra
cac nhom chic dic trung cho méc hap phu vat Ii, hé silica bao §m céc lién kt Si-O-Si va &
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dién SiQ,. Tuy nhién, dadiong dac trung cho nhém silanol ¢6 trong nanosilica kan da bién
mat. Day chinh la nguyén nhan quaortg ntit lam &ing tinh K nuéc cho \at li¢u nanosilica sau
qua trinh clic hoa I8 mat.

Polydimetylsiloxan 1a @t polyme silic Hiu o, v6i cau tao dugc hinh thanh it cac
monome (CH);SiOH. Quaé trinh drc hoa chinh 1 qua trinh phan tan polydimetylsito}én &
mat caa nanosilica. Kt hop voi quéa trinh nungai 350°C, polydimetylsiloxan &phan tach thanh
mot phin cadc monom@é tham gia vao qué trinh khoa cac nhom siladéng thyi tu ngeng
mot phan dé hinh thanh it |6p mang k nuéc bao phi cac hat nanosilica. Pin ttng khéa nhom
Si-OH ¢4 ti¢ duoc dién t nhr sau:

...-Si-OH + (CH)3SiOH = ...-Si-O-Si(CH); + H,0

Chinh nfé co ché nay, cac nhém silandiugc loai bo khéi bé mét cua nanosilica badau,
gop ptan quan tong trong véc lam ting tinhua hru oo coa Vat liéu sau khi ctic hoa.

Mot dic diém khac én phii chi y,d6 1a sr chuyén dich xanh @a céc tin Ku FT-IR dic
trung cho g daodong aia caAc nhém afc Si-O-Si trong nanosilicauttéc va sau qué trinh é¢o
héa. & chuyén dich xanh nay giGp Kimg dinh chic chin hon viéc da c6 s lién Kt gira
polydimetylsiloxan i vt liéu nanosilicadac biét [ sr hinh thanh lién & msi Si-O-Si- thay
cho céc lién &t Si-OH, lam gim do chénh éch ring hrong gita cAc lién kt nay trong K.

3.2.Anh TEM cia Vvat li éu nanosilica trwéc va sau clikc héa

Hinh thai krc cia nanosilica tréc va sau qua trinh ¢ héadugc thé hién quaanh TEM
(Hinh 2).

C6 thé thiy, viéc chic hda vt liéu nanosilica Bu nhr khéng l1am thaytéi hinh thai e cia
no, th hién qua véc cac lat nanosilica trgc va sau ciic hdadéu phan tanat tot, co kich thrée
ddéng déu khaing 16-22 nmPay la kich thrgc hat rat Ii tuong cho cadmg ding hip phu vi hat
nho 8 lam #ing k& mat riéng @a VAt ligu, dong thoi tang &i ke aia chinh cac 4t do voi chét bi
hap phu.

Mau 5-Chua CNH_008 — Mau 4 - CNH.008 —

Print Mag: 80400x @ 51 mm 100 nm Print Mag: 80400x @ 51 mm 100 nm

4:13:19 a 03718716 HV=80.0kV 4:05:48 a 03,1816 HV=80.0kV

TEM Mode: Imaging Direct Mag: 40000x TEM Mode: Imaging Direct Mag: 40000x
EMLab-NIHE EMLab-NIHE

Hinh 2Anh TEM aia nanosilica tréc (tréi) va sau (ph) chic héa.

3.3. Két qua phan tich nhiét TG-DTG cua nanosilica sau khi clitc héa nheng chwea nung
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ba nghién ¢u qua trinh phandy nhict cua vat li¢u qua plrong phap phan tich ndtiTG-
DTG oia nanosilica @& dung miu da chic héankng chra nung), kt quiduoc dua ra trong
Hinh 3.

Gian do cho bit, c6 hai khang it khéi lugng chinh: i nhiét do bt dau nungdén khaing
200°C, day chinh la khang nhet do tach mrgc hap phu vat li cé trong it li¢u. Binh mat khoi
luong trénduong DTG xuit hién & khaang 60 - 100°C, tirc la phu kyp Vi sy boc hoi manh e
cua nréc tai nhiét do soi.

Khoing mit khdi lugng thi hai @ia at ligu xay ra tr 200 °C chodén khaing 700°C
(khcang nhit d6 dat cao nlat).
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Hinh 3.Két qua TG-DTG aia vat liéu nanosilicaid chic héa.

Pay la khang mit khdi lugng chi yéu do qua trinh ngng ta cac nhém —OH dmiat — tirc
la qué trinh ngng t tach nréc voi polydimetylsiloxandé khéa cac nhém silanol. Qué trinh nay
lam ting tinh K nuée cho én phim. Binh mét khéi lwong #ip trungd nhiét dé khaang 255°C,
tac 1a ti do tbe d6 ngrng 11 cdc nhdm —OH 1& amh nHit. Ching t6i chn nhiét @ nung cho §t
liéu nanosilica sau & tinh 4i 350 °C nhim thyc hién triét dé viéc ngrg ta cac nhom silanol
c6 trong \at liéu.

3.4. Thir nghi¢m x&cdinh dung hreng hip phu diu cia nanosilica tnréc va sau qué trinh
chirc héa

Qua trinh tir nghiém haat tinh Hip phu caa vat Iiéu, nanosilica rdéc va sau gua trinh db
héaduoc téﬂm krgng trong cac Hinh 4 va Hinh 5.8%so tinh ctit héa i @ia diu thé Bach Ho
cling dugc tong hyp trong Bing 1.
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Bang 1.Mét sb tinh cHit héa Ii @a diu thd Bach Ho.

TT | Tinh cht bon vi | Phrong phép thr (hagc tai liéu) | Gia tr

1 | Titrongd 20°C - D 3505 0,8467
2 Nhiét @6 ¢dngdac °C D 87 23,5

3 | Trong lwong phani g/mol | D 6579 252,1
4 | Do nhot tai 50°C cSt D 445 11,21
5 Ham lrong S % D 4294 0,0358
6 | Ham lrong parafin % D 5443 24,8

7 Ham lrong nhra va asphaltem % D 6560 4,38

S lieu khao sat cho thy, dau thé md Bach Ho 1a laai dau ngpt, chira rt it leu huynh, nke
(ti trong thip), c6 nhéu parafinic, it nira va asphanten. Tuydy, dau mo Bach HO c6 nhroc
diém 1a do c6 nhit do ddongdic cao néndiém déngdic cao (23,5C); vi thé, qué trinh Kim tra
dung rong Hip pha diu thé Bich Ho cin tién hanh cao ¢m nhigt 6 23,5°C, ching téi chn
nhiét do tha nghiém la 30°C[8].

1 -
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S 08 0.784 829
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3 5 10 15' 30' 1h 2h
Thoi gian
Hinh 4.Luong diu hip phu theo thi gian sr dung \at liéu nanosilica cha chic héa.

CO the thdy, dbi voi vat ligu nanosilica cha chic hoa, dungdong hip ph dat cao niit la
0,932/0,1 g t liéu — trc 1a 1 g nanosilica cé &hap phy t6i 9,32 g du tho.

5

4.206

Luong diu hap phu (g)
w

Thoi gian

Hinh 5.Luong diu hap phy theo thi gian sr dung vat liéu nanosilicaia chic héa.
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Theo Kt qua trén Hinh 5, so sanhovsd ligu caa hinh 4 thy ring, ré rang vic chic hoada
ting manh kha ning Hip phu diu caa vat liéu nanosilica. Kt qua cho bét dung trong Hip thu bi
da ma vt liéu nanosilica ctic hda léndi 4,207/0,1g it liéu — trc 14 1 g nanosilica ¢t hoa
mat c6 the hap phu téi 42,07 g du thdé Bach Ho. Day 1a ndt két qua rat kha quan cho it chit
hdp phu v6i muc dich sr dung dé thu Hoi dau, ma ar kién s ap ding d6i vai dau tran.

Cac Kt qua khao sat chi #t qua trinh Bpthu diu bing Vit liéu nanosilica ctic hda 8§ duoc
dua rad cac bai bao &p theo.

4. KET LUAN

Chic hda thanh congav liéu nanosilica,  dung polydimetylsiloxan lam i chic héa.
Vat lieu nanosilica ciic héa khéng adma cg'lc nhém silanol Si-OH trér¢ Imit nén co tinh k
nudce rat manh. Cac ht nanosilica phan tahong déu, kich thrée nho;

X&c dinh duoc mot sd dic diém cia diu thé md Bach HO 1am @ s& cho qua trinh nghién
ciru hap phu. Bong thyi, hai loai vat ligu nanosilica éc va sau qua trinh @ hoa éing duoc
kiém tra dungtong hip phy dau. Két qua cho thiy, vat liéu nanosilica chic hdacé kh ning
vuot troi so Wi nanosilica barau (chra chic hda) ¢ kha nang Hip phu dau.
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ABSTRACT

STUDY ON THE SURFACE FUNCTIONALIZATION OF NANOSILIB& FOR OIL
ADSORPTION

Hoang Thi Phuong Nguyen Khanh Dieu HoAg

yiet Nam Petroleum Institute, No. 173, Trung Kitreet, Hanoi city

“Hanoi University of Science and Technology, Nddi,Co Viet street, Hanoi city
"Email: dieuhong_bk@yahoo.com

This study covered functionalization of the nanosilwith an organo — silico compound.
The functionalization was established at 3%D for 4 hours after totally impregnating
polydimethylsiloxane onto the beginning nanosili€ae adsorption ability of the two kinds of
material was also tested for illustrating the gmatential of the functionalized nanosilica. The
results showed that the functionalized nanosilieaemal had a much higher adsorption ability
than that of the normal nanosilica because of dngnip its surface hydrophobic property.
Some techniques were required including FT-IR, TBMI TG-DTG for characterizing the
nanosilica samples.

Keywords nanosilica, TEOS, nanomaterial, functionalization
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