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Tém tit:

Trong nghién ciru nay, nguyén liéu cho phan bén 14 silica dang keo dugc diéu ché tir natri metasilicat pentahydrat
va tro trau. Cac yéu t6 anh huong dén d9 6n dinh ciia san phim keo silica gdbm: d9 pH, toc d9 dong ciia dung dich
thity tinh qua cdt trao doi ion va nhiét dd gia héa da dwoc khio sat. Két qua cho thiy, dai pH phi hop dé thu dwoc
dung dich keo silica 6n dinh 12 9-10. Nhiét d gia hoa dé san pham dat su 6n dinh la tir 70 dén 90°C. Piéu kién t6i wu
dé diéu ché san pham dwoc xac dinh 1a tai pH 9, toc dd chay trung binh 100 ml/phit va nhiét do gia héa 70°C. Sau
6 thang luu triv & diéu kién thwong, dung dich keo silica vin trong sudt, kich thuéc hat 16n hon ban diu nhung vin
duéi 10 nm. Kich thwée va két cau hat keo nhw vay gitip cAy trong dé dang hap thu dé phat trién.

Tir khéa: keo silica, nano silica, nhiét do gia hoa, pH, trao ddi cation, tro triu.
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Abstract:

In this study, the raw material for colloidal silica foliar fertiliser was prepared from sodium metasilicate pentahydrate
and rice husk ash. The factors affecting the stability of colloidal silica products, including pH, flow rate of the aqueous
glass solution through the ion exchange column and aging temperature, were investigated. The results showed that
a pH of 9-10 was suitable to obtain the stable colloidal solution. The aging temperature to achieve the stability of the
product ranged from 70 to 90°C. The optimal experimental conditions for preparing the colloidal silica product were
determined at pH 9, the average flow rate of the solution through the ion exchange column was 100 ml/min, and the
aging temperature was 70°C. After 6 months of storage under normal conditions, the colloidal silica product was still
transparent, the particle size was larger than the original but still below 10 nm. The colloidal silica product has such
a colloidal particle size and colloidal structure, making it easy for plants to absorb for growth.
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1. it van de

Cong nghé nano d dugc phat trién nhanh trong thoi gian gan
day va tng dung cua né trong ndng nghiép dang thu hut nhiéu sy
quan tim cua céc nha khoa hoc va quan Iy nham giam thiéu st
dung hoa chat nong nghiép va 6 nhiém moi trudng [1]. Phan bon
14 nano silica dang dugc ky vong nhu mot trong nhiing giai phap
hitu ich cho sur phat trién nong nghiép xanh va bén viing [2]. Trong
thuc tién canh tac, cho dén gan day silica con chua dugc coi 1a
chat dinh dudng can bd sung cho cay trong [3]. Tuy vay, silic lai
14 nguyén t6 can thiét ddi voi sy phat trién khoe manh cua nhiéu
loai thyc vat, dic biét 1a ddi véi cac loai cdy than thao c6 ham
luong silic cao nhu: lta, ngd va mia. Thiéu silic anh huong dén
kha ning sinh truong, phat trién cua cy trong, tham chi lam cho
cay bi yéu, dé b anh hudng boi cdc tic nhan gdy bénh [4]. Sy tich
Ly silic trong 16p té bao biéu bi, gitp ciy chong chiu tot hon voi
ndm bénh [5]. Két qua nghién ciru trén nhiéu loai cdy trong chimng
to ham luong silic cao trong cdy c6 anh hudng tich cuc dén kha
nang khang sau bénh [6, 7]. Silic cing anh hudng dén viéc tong
hop lignin ctia cdy. Chang han, truong hop vach té bao cuia ré cay
lua mi khong c6 silic, ham lugng lignin bi sut gidm va ty 1¢ cdc
phenolic gia tang [8]. Déac biét dbi voi cay lta va ngii coc, silic
gitip 14 moc thing dimg hon, giam d6 nga do mua gio, ting cudong
quang hop, tang hi¢u lyc va hi¢u qua ctia phan bon hoa hoc cling
nhu phan bon hitu co [9, 10].

Silic rét pho bién trong ty nhién va ton tai ¢ nhiéu dang, chu
yéu ¢ dang dioxit silic, hay silica (Si0,). Phén tir SiO, khong ton
tai don 1¢ ma lién két lai vi nhau thanh phan tir rt lorn Silica co
hai dang céu tric 1 dang tinh thé va vo dinh hinh [11]. Trong tu
nhién, silica ton tai chi yéu & dang tinh thé hodc vi tinh thé (thach
anh, canxedon, d4 mé ndo...), nhung da s0 silica té)ng hop nhan tao
déu duoc tao ra ¢ dang bot hodc dang keo (colloidal silica) va c6
céu tric vo dinh hinh [12]. Tuy nhién, khong phai dang silic nio
cdy ciing ¢6 thé hap thu dugc. Cac nghién clru gan day cho thiy
rang, viéc hip thu silic qua 14 hiéu qua hon qua ré va silic ¢ dang
axit silicic (H,Si0,) d& duoc cay trong hap thu nhét, nén thuong
dugc dua vao phan bon 14 dudi dang keo nano silica cho nhiing cay
than thao nhu laa mi, lua gao, khoai tay, ngd va mot sd loai cdy an
qua nhu chanh leo va céc loai dua...[4, 13]. Kha nang hép thu silic
clia cdy trong ciing khac nhau, phu thuge vao giong cay va nong
do cua axit silicic hoa tan trong dat canh tac [14]. Trong cing ty 18
cua axit silicic hoa tan, Ita hap thu cao hon dau 10-20 lan. Nhimng
cay trong ctng ho thi sy hap thu silic ty 1¢ thuan v6i ham lwong
axit silicic hoa tan trong dat [4].

Cho dén nay, dung dich keo silica duoc san xudt bang nhiéu
phuong phép khac nhau nhu vi nhii twong dao nguoc, dot chay
bang ngon Iira nhiét do cao, phuong phap sol-gel [15]... Phuong
phép vi nhil twong dao ngugc tmg dung dé tao ra cac 16p phu 1én
cac hat nano dé gin cac nhom chirc ning khac nhau, nhung co
nhuoc diém 14 chi phi cao va kho loai bo cac chét hoat dong bé mit
trong san pham cudi cung. Phuong phép sol-gel da duoc st dung
rong rai trong viéc dicu ché keo silica tir dung dich thiy tinh dé san
xudt vat liu silica do c6 kha ning tao ra cac san pham tinh khiét
va dong nhat [15]. Mot s6 phuong phap hoa hoc khac da duoc
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phat trién dé didu ché keo silica, duoc (g dung rong ri vi dé theo
doi va kiém soét cac thong so quy trinh, ciing nhu chat lugng san
phim. Trong d6, phuong phap Stober cai tién ciia Werner Stober
da tong hop cac hat silica hinh cdu va don phan tan véi kich thudc
mao quéan tir 5 dén 2.000 nm tir dung dich con silica alkoxides co
mat chat x{ic tic amoniac [16], duogc chitng minh 14 vu viét hon so
v6i cac hé thong xUc tic axit thuong tao ra cdu tric gel.

Trong nghién ctru gan day ciia Vién Nghién ctru Khoa hoc
mién Trung phdi hgp véi Vién Cong nghé Xa hiém, vat ligu nano
silic (Nano orthosilicic acid) da dugc tong hop va tich hop vao
phan bon hiru co vi sinh da chirc nang tir phy pham ché bién sin
phuc vu canh tac sn bén viing tai Viét Nam. Két qua cho théy,
dung dich thuy tinh tir tro trdu v6i higu sudt hoa tich 55% va san
phém nano silica thu dugc bé“mg phuong phap két tua trong trudng
cao ¢6 thé tmg dung 1am phan bon silic cho cdy trong [17]. Két
qué ciing cho thdy, d6 6n dinh ciia dung dich keo silica phy thudc
vao kich thude cac hat SiO,, do d6, viéc nghién clru dua ra cac giai
phap tang tinh 6n dinh ciia dung dich keo silica rat duoc quan tam,
dé co thé ap dung san pham vao thuc tién.

Trong nghién ctru nay, phuong phap trao ddi cation ding nhya
cationit axit manh (H') di dwoc 4p dung dé diéu ché keo silica tir
dung dich thuy tinh thu dugc tir natri metasilicat pentahydrat va tro
trdu lam nguyén liéu cho phan bén 14 & quy md phong thi nghiém.
Cac didu kién t6i wu dé diéu ché keo silica dd dugc khao sat.

2. Viat liéu va phuong phap nghién ciiu
2.1. Thiét bi va héa chit

Thiét bi: H¢ thiét bj phan tmg diéu ché dung dich thuy tinh
tir natri metasilicat pentahydrat va tro trdu 4p sudt cao, c6 dung
tich 1am viéc 20 lit gia nhiét ngoai (ding gas), hé théng khudy 2
ting, hé thong diéu khién nhiét do (hinh 1A); 2 cdt trao doi ion
(hinh 1B) bao gdm 6ng nhyra ®22x100 cm v6i dung tich nhya kho
t0i da 25 lit/cot, hé thong van, éng dan, ludi bay hat nhua, nhya
trao doi cation Amberlite IR120H v6i dung lugng trao d6i 1,95
eq/l. Cac thiét bi duoc sir dung tai Vién Cong nghé¢ Xa hiém: tu sa”iy
Binder ED115 (CHLB Diic); thiét bi do pH Laqua-PH1100 Horiba
Scientific (Nhat Ban); thiét bi do pH cam tay Hanna (Romania);
thiét bi phan tich quang pho phat xa nguyén tu plasma (ICP-OES)
Horiba Scientific (Nhat Ban).

Mot s6 thiét bi phan tich chuyén dung khéc: Thiét bi phan tich
hat LitesizerTM 500 ANTON PAAR tai Vién Khoa hoc Vat liu
(Vién Han 1am Khoa hoc va Cong nghé Viét Nam), thiét bi quang
phd hdng ngoai bién doi Fourier (FTIR) Affinity - 1S Shimadzu
(Nhat Ban) tai Khoa Hoa hoc, Truong Dai hoc Khoa hoc Ty nhién,
Dai hoc Quéc gia Ha Noi.

Hoa chat, vat liéu: Natri metasilicat pentahydrat: Na 0.
Si0,.5H,0 co 22% SiO, va 26% Na,0 (VREC, Viét Nam); tro
trau chua 80-90% SiO, (VNCOMEX Viét Nam); nhya cationit
Amberlite IR120H (Dupont Dow, dugc phan ph01 tai Trung
Qudc); H,S0, 95-98% (Xilong Scientific, Trung Qudc); dung dich
amoniac 28% (GHTECH, Trung Qudc).
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(A) ®)

Bong 1o

Dingco

Biiy nhya

Hinh 1. Hé thiét bj diéu ché dung dich thiy tinh ap suat cao va hé cét trao
d6i ion. (A) Hé thiét bi didu ché dung dich thly tinh 4p suét cao; (B) Hé cot
trao déi ion.

2.2. Thuc nghiém

Dung dich thuy tinh tir natri metasilicat pentahydrat va tro trau
¢6 ty s6 mol (molar) (SiO,/Na,0, x) bing phuong phap phan tmg
ap suét [17] theo phuong trmh sau:

Na,0.5i0, + SiO, (tro tréu) + H,0 — Na0.xSi0,

trong d6: gia tri x nam trong khoang 3 dén 3,8 tiy thudc vao ap
suat du (2+4 at) va nhiét o (122+143°C).

Dung dich thily tinh nay duoc doi qua cot trao doi cation
Amberlite IR120H dé diéu ché dung dich keo silica theo phuong
phap trao di ion. Tai ddy, ion Na* ¢6 trong dung dich nudc thiry
tinh dugc thay thé bai ion H'. Nhyra sau d6 duogc tai sinh bang dung
dich axit sulfuric [18]. Quy trinh thuc nghiém gom 4 budc nhu mo
ta theo so d6 hinh 2.

SMS, tro triu
Gia nhiét i
trong néi cao _ }Ch“'; 0 Pha loing,
ip ( f‘ft) loc
(142°C, 4 at) phu
v
N z Trao d6i qua
g::f ltln::l Ondinh |, <ot nhya
danh id dung dich cation axit
£ manh (H+)

Hinh 2. So’ d6 diéu ché keo silica.
Chi tiét cac bude thue hién nhu sau:

Bude 1: Cho lan lugt 17 lit nuée, 6.360 g natri metasilicat
pentahydrat va 6.000 g tro trau da dugc sdy kho vao thiét bi phan
tmg chiu ap. Gia nhiét dé 4p sudt ting lén den khi dat 4 at (tvong
du'orng 142°C) thi nngg Lic nay ap sudt van tiép tuc tang dén
gan 6 at. De hé thiét b tlep tuc khudy trong 1 gid 30 phit, sau do
giam 4p xubng dudi 1 at bang cach xa van ha dp. San pham dung
dich thuy tinh thu dwogc, dugc dé lang vai ngdy, tach gan lay phan
dich phia trén, thu duoc khoang 20 lit san pham dung dich thuy
tinh trong sudt.

KHOA
&CONGHN%CI:-IE

67(7) 7.2025

Budc 2: Pha loang dung dich thiy tinh véi nude theo ty 1€ 1:6,
loc qua gidy loc, roi dan dung dich nay chay qua cot chira nhua
trao d6i cation axit manh (H) vdi toc do 100-150 ml/phut dé tao ra
dung dich axit silicic 6 dang dung dich keo. 2 ¢4t trao doi ion dugc
b tri lam viéc luan phién. Mot cot thuc hién trao doi ion, cot con
lai s& tai sinh nhya trao doi bang dung dich H,S0, 5%. Dung dich
axit silicic sau khi qua ¢t trao ddi catlon co pH~6 [19] dé tao gel
do do, ngay sau khi didu ché phai dugc on dinh bang cach dua vé
moi trudng kiém va gia hoa bang nhiét.

Budc 3: On dinh san pham: dung dich san pham ngay sau khi
diéu ché duoc diéu chinh pH & céc gia tri khao sat: 7,5; 8,5; 9; 9,5;
10 va ¢b dinh gia nhiét & 70°C. Thi nghiém danh gia anh huong
cua nhiét d¢ gia hoa dugc thyc hién ¢ pH 9, nhiét d§ 50, 60, 70,
80 va 90°C; thoi gian gia hoa tir 2 gio dén 3 gio. 10 mau san phim
(bang 1) twong (g v6i cac diéu kién ché hoa khac nhau dugc phan
tich va danh gia.

Bang 1. Danh sach cac mau.

Tén miu M1 M2 M3 M4 MS M6 M7 M8 M9 MI0

pH 75 85 9 95 10 9 9 9 9 9

Nhiét do giahoa("C) 70 70 70 70 70 50 60 70 80 90

Budc 4: Phan tich va danh gia san phim: Ham lugng SiO , trong
san pham dugc x4c dinh bang phuong phap ICP-OES. chh thude
hat nano silica trong dung dich keo duoc xac dinh bang phuong
phap tan xa anh sang trén thiét bi phan tich hat LitesizerTM 500
ANTON PAAR. Ciu tric san pham dugc phan tich bang phuong
phép quang phd hong ngoai bién d6i Fourier (FTIR).

Tat ca cac mau duoc luwu trit tai phong thi nghi¢m o diéu kién
thu(mg trong vong 6 thang. Sau 6 thang, cidc mau duoc kiém tra
bang truc quan dé so sanh V(n mau ban dau. Cac mau sau khi luu
duoc xem 1a 6n dinh néu van giir dugc trang thai long va khong
thay d6i nhiéu vé mau sic. CAc san phém bi dong rdn va c6 mau
trang duc la khong 6 6n dinh. Trir cac mau da bi doi mau va dong
ran, cic mau con lai dugce dua di phan tich kich thudc hat va ham
lugng SiO,.

< L -
3. Ket qua va ban luan

3.1. Xdc dinh no”‘ng dj Si0, trong dung dich san phtfm keo
silica

Dung dich thiy tinh diéu ché tir natri metasilicat pentahydrat
(san pham phu ciia Cong ty Co phan hda chit hiém Viét Nam
(VREC)) va tro triu sau khi qua loc c6 mau trong subt. Két qua
phén tich thanh phan Si0, va Na,O trong sin pham dung dich thf~1y
tinh thu dugc la: 26,98% SiO,, 8,70% Na,O. Trong khi d6, mau
dung dich thuy tinh cong nghip trén thi truong Viét Nam c6 ham
luong Si0, 36,32% va 13,7% Na,O. Nhu vy, dung dich thuy tinh
diéu ché tu natri metasilicat pentahydrat va tro trau trong nghién
ctru ndy ¢ thé dugc Vlet nhu sau: Na,0.3,25i0,. H,0. Dung dich
thiy tinh nay co ty s6 mol, x=3,2, cao hon so vdi san pham cong
nghiép 6 ty s mol, x=2,7.



Dung dich thiy tinh d@ duogc pha loang (voi nude) theo ty 1€
1:6 doi qua cdt cationit dang axit manh (H") tao ra dung dich axit
silicic (pH 6-7) theo phuong trinh phan ting:

H,S0, + Na,0.3,2 Si0,+ H,0 — Na,SO,+3,2 HSiO,
Na,Si0, + H,80, + nH,0 = Na,S0, + $i0,.nH,0

Qua trinh nay xay ra trong cot trao doi ion giira dung dich
nude thay tinh d dugc pha loing véi nhya trao ddi cation dang
axit manh (H"). Khi phan tmg hoa hoc dién ra ciing chinh la tao ra
méam két tinh (S10,). Két qua cta thuc nghiém 1a gidm thiéu nong
dg Na va tao ra san pham keo silica. Dung dich keo silica sau khi
didu ché trong subt, c6 nong do Si0, dat 3,8%.

Phuwong phap trao ddi ion co do chon loc cao, do vay, do sach
cua dung dich san pham s& dugc dam bao. Ngoai ra, voi 16p nhya
trao doi day (gan 100 cm), céc két tia néu co s& duogc giit lai trong
16p hat nhya nay va duoc rira tréi trong qud trinh tai sinh nhya. Do
vy, san phim thu dugc khong mau, trong sudt ding v6i ban chat
keo nano silica c6 kich thudc hat nhé (<10 nm). Tuy nhién, voi
dung dich c6 do bam dinh cao nhu dung dich thuy tinh thi cac hat
nhua trao déi c6 thé bi giam kha nang trao doi. Vi vay, dung dich
thiy tinh phai dugc pha loang va hat nhya cation axit manh (H")
dé tang hidu qua trao doi.

3.2. Xdc dinh ciu triic ciia dung dich keo silica

Pé xac dinh cAu tric cua san phém, mau dung dich keo silica
duoc phén tich trén may quang phd hong ngoai bién ddi Fourier
(FTIR) (hinh 3). Dai pho dugc quét & ché do hap thy trong pham
vi 4.000 dén 400 cm'.

Két qua FTIR trong hinh 3A va 3B cho théy, ph hp thy rong
va manh quan sat dugc ¢ 3.298 va 3.311 cm™ la do dao dong hoa
tri ciia cac phan tr OH-, nude va Si-OH. Cac pic quan sat duge ¢
1.638 va 1.639 cm™ la do dao dong cta phan tir nudc va silanol
OH. Pinh rong 1058 cm cho thiy dao dong bién dang cia lién két
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Si-O-Si. Dinh nho quan sat duge ¢ 937 cm' a lién két Si- O Sidac
trung trong mang Si-O,. Dai xuét hién & khoang 456 cm, ctng
cho thy cac dao dong dac trung cta lién két Si-O-Si. Vi cac két
qua phan tich pho FTIR nhu trén, co thé khang dinh trong dung
dich san phém ¢ ton tai axit silisic. Trén bé mit san phém keo
silica co nhiéu nhom chire chira nude. Didu nay s 1am ting kha
nang tan cua keo silica va ting ham lugng axit silisic trong dung
dich, thuan lgi cho vi¢c stt dung l[am phan bon 1a.

3.3. Anh huéng ciia pH, toc dj chéy ciia dung dich thiiy tinh
qua cft trao doi ion va nhiét dp gia hoa den kich thwoc hat keo
va sw on dinh cua keo silica

Dung dich axit silicic sau khi qua cot trao doi ion 1a mt dung
dich keo c6 pH khoang 6-7, chira 3,8% SiO, bao gdm céc hat ¢6
duong kinh nho hon hodc bang 3-5 nm. Dung dich keo ¢ trang thai
khong 6n dinh va dé tao gel sau mot khoang thoi gian ngin dudi
6 gio [20]. Nhiéu nghién ciru da chi ra ring, do pH 1a yéu t6 anh
huong rat 1on dén do on dinh cia dung dich keo silica. Cac hat
nano silica dang keo hinh thanh khi cac phan tr H,SiO, tuong tac
tao thanh lién két siloxane Si-O-Si vdi cac phan tu khac Bé mit
clia cac hat chira cac nhom silanol Si-OH khéng lién két. Khi pH
<8, O trén bé mat hat nay hinh thanh lién két v6i H trén hat kia,
lién két Si-O-Si hinh thanh gitta cac phan tu, tir do lam tang kich
thude cua hat. Khi céc hat phat trién dén kich thudc mong mudn,
dung dich c6 thé dugc 6n dinh bang cach ting d6 pH dé ngan chin
st phat trién thém cta hat. Khi pH tang (pH>8), cac hat nano bi
ion hoa va déy nhau, ngan chdn vi¢c cac hat lién két v6i nhau tao
thanh hat 16n hon. Két qua 1a céc hat co d6 on dinh vé kich thudc.
Khoang pH dé dung dich keo silica dat dugc do on dinh tot 1a 8,0-
10,5 [20]. D¢ dat dugc d6 pH nay can b sung cua dung dich kiém
(thudng 1 natri, kali hoac liti), hodc duoc on dinh bang amoniac.

Mot yéu t(”:) khac cling tac dong dén do 6q dinh cta dung dich
keo silica la tég d6 dong chay qua cot trao doi cation va nhiét do
gia hoa [21]. Toc do dong chay cua dung dich thuy tinh pha loang

(B)
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Hinh 3. Phé hdng ngoai bién dbi Fourier cia mau san pham keo silica: (A) khi mai diéu ché va (B) sau 6 thang.
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qua cot cationit fiuqc khao sat tai 100 va 150 ml/phﬁt, sau d(} diéu
chinh pH tir 8 dén 10, va gia nhit gia hoa tir 50 dén 90°C. Két qua
céac nghién ctru nay dugc thé hién trong bang 2.

Bang 2. Khao sat anh hwéng cia téc doé dong trao dbi cation va
nhiét dé gia hoa.

Nongdy  BjpH Tée d dong chay (100 mUphit)  Tde d9 dong chay (150 mliphiit)

kibm Keo

%) s Tt S0 Gi'C 7C 8PC IPC S0C 60'C TPC 8FC 9FC
00 3 dumgdich  pioggy 340 Bi gelsau 34 gio

keo silica
0,03 9

0,04 10

Dung dich long 6n dinh sau 6 théng ~ Dung dich long on dinh sau 6 thang

Dung dich Iong on dinh sau 6 thing ~ Dung dich Iong on dinh sau 6 théing

Két qua do kich thudc hat ¢ cac Irlﬁu duoc dié}u chinh pH 6 7,5;
8,5;9;9,5; 10, twong ng vdi cac mau tod M1 dén M5, dugc trinh
bay ¢ hinh 4.
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Hinh 4. Anh hwéng ciia pH dén kich thwéc hat va sw én dinh cla
keo silica.

Hinh 4 cho thiy kich thudc hat trung binh cua tat ca cac miu
tir M1 dén M5 déu ndm trong khoang tir 2 dén 10 nm. Piéu nay
giai thich tai sao dung dich keo silica thu duoc lai trong sudt. Dung
dich phan tan hat nano silica c6 kich thudc hat nho (<10 nm) thi
khong mau, véi kich thudc hat trung binh (10-20 nm) thi bt dau
¢6 mau tréng do anh sang bi tan xa nhidu hon, con khi kich thude
hat 16n (>20 nm) thi dung dich s& c6 mau tring duc [22].

Ngay sau khi diéu ché, kich thu6c hat cua tit ca céc san
phim dung dich keo silica kha dong déu va <5 nm (hinh 4).
Tuy nhién, theo thoi gian dnh hudng cua pH dén d6 6n dinh cua
dung dich keo tr¢ nén 1o rét. O pH 7,5 mau M1 bi bién doi trang
thai, dong gel (hinh 5A) va hoa rin sau mét thoi gian bao quan
(hinh 5B). Diéu nay xay ra 1a do & pH<8, c4c hat két tu voi nhau dé
tao thanh hat 16n hon. Qua trinh d6 1dp lai cho dén khi dung dich
keo 1ong ban dau chuyén din sang dang rin. Cac mau con lai véi
pH 8,5-10 cho thiy, c6 mdi twong quan chit ché giita do pH va sy
thay di kich thudc hat sau 6 thang. Khi pH cang tang, su thay doi
kich thuéc hat cang giam. Mau M2 véi pH 8.5, sau thdi gian bao
quan, kich thudc hat da tang Ién trén 10 nm va dung dich trd nén
duc hon so véi luc dau (hinh 5C). Cac mau con lai déu trong sudt
v kich thude hat van bé hon 10 nm (hinh 5E).

KHOA
8CONGHN%CI:-IE

67(7) 7.2025

(A) (8)

Hinh 5. Trang thai keo silica sau 6 thang lwu triv. (A) Gel toan bg; (B) Héa
ran khi tiép xdc lau véi khdng khi; (C) Gel mét phan; (D) Mau duc hon; (E) Keo
16ng, trong suét.

Tdc d6 dong chay cua dung dich nudc thiy tinh qua cdt trao
doi theo khao sat khong cho thdy sw anh huong rd rang nao dén
su hinh thanh va d6 on dinh cua dung dich keo silica. Vi quy mo
phong thi nghiém, 5 lit san pham/cho mot mé sén xuat, the do chay
trung binh dugc Iya chon l1a 100 ml/phut thi can 50-60 phut/mé,
phi hop vé6i diéu kién thuc nghiém.

Vi¢e khdo sat anh huong cua nhiét d§ gia hoa dén kich thudc
hat nano silica cua san pham dung dich keo véi cic mau tir M6
dén M10. Khi d6, cac mau keo silica da duge didu chinh dén pH9
bing dung dich amoniac ngay sau khi diéu ché va gia nhiét ¢ cac
mirc khac nhau. Dung dich keo silica mdi san xudt ¢6 trang thai
twong ddi dong nhat (khong mau, trong sudt), kich thudc hat trung
binh nhu nhau va khong bi thay ddi khi thay dbi nhiét do gia hoa
(hinh 6).
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Nhiét dé gia hoa(>C)

Hinh 6. Anh hwéng clia nhiét o gia héa dén kich thwéce hat va sw
6n dinh cua keo silica.

Két qua hinh 6 cho thiy, nhiét do gia hoa da anh huong dén
kich thudc hat sau 6 thang. Khi nhiét d gia hoa tang 1én, hat on
dinh hon va kich thudc hat it thay doi trong qua trinh bao quan
(6 thang). Qua trinh gia hoa gitp cai thién cdc déc tinh cua hat
nano silica nhu toc do co, mat do va dién tich be mit riéng. O nhiét
d6 gia héa 50°C (miu M6), san pham khong 6n dinh va bi gel hoa
sau 3-4 ngay luu trit. Mdu M7 ciing chuyén sang duc (hinh 5D) véi
kich thu6c hat 12,91 nm sau mot thoi gian. Cac mau con lai ¢6 kich
thude hat ting nhe nhung van nho hon 10 nm, do vay, cic mau nay
van trong sut sau 6 thang luu tri.



Cac két qua trén ching to rang, san pham keo silica sau khi
dwoc didu chinh pH vé mdi truong kiém trong khoang 9-10
va gia hoa ¢ nhiét do 70-90°C c6 do 6n dinh cao, kich thudc
hat nho, dung dich trong sudt va c6 thé luu trit trong it nhét 06
thang. Nghién ctru didu ché keo silica [22] dung dung dich thuy
tinh cong nghiép va diéu chinh pH dung dich keo bang KOH
da cho thdy rang, dung dich phén tin hat nano silica dat trang
thai 6n dinh véi khoang pH tir 9 dén 12,5 va nhiét 46 gia hoa
t6t nhat trong khoang 60-95°C. Nhu vay, két qua diéu ché dung
dich keo silica thu dwoc tir nghién ctru nay khé trong dong vai
cac tac gia trudc [23].

Pé tién hanh didu ché san pham dung dich keo silica véi
quy md 16n hon ding 1am nguyén lidu cho phan bén 14 thi yéu
t6 gia thanh san phim ciing can duoc xem xét voi cac yéu td
ky thuat.

4. Két luan

San phdm dung dich keo nano silica diéu ché bang quy trinh
tai nghién ctru nay c6 nong do SiO, 3,8%, cu tric duoge xdc
dinh ¢ dang axit silicic, sau khi diéu chinh pH ¢ khoang 9-10
va gia hoa ¢ 70-90°C cho d6 6n dinh cao. San pham dung dich
axit silicic chira cac hat c6 kich thudc nho (<10 nm). Diéu kién
t6i uru dé san xuét dung dich keo nano silica 1 toc d6 dong chay
qua cot cationit 100 ml/phut, diéu chinh pH cta dung dich dén
9 va gia hoa ¢ nhiét d6 70°C dé dam bao tinh on dinh.
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