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TOM TAT

Son trong sudt dién tir sir dung dé bdo Ve cdc ra da, thiét bi thu phdt séng dién tir, son vira co
tac dung bao vé, chong chiu méi triong tot, dong thoi dé séng dién tir truyen qua lop phi va
dam bao su lam viéc én dinh cia ra da. Tang cwong khd ndng bdo vé thoi tiét, chong chiu méi
trweong cia cdc ra da, thiét bi thu phat séng dién tir ddc biét & viing khi hdu bién, ddo doi héi Iop
son phii trong sudt dién tir ddp irng dii @6 bén. Bang cdch bién tinh nanosilica véi PDMS theo
phuong phap sol-gel va b6 sung vdo hé son trong suot dién tir cho thdy voi ham lirong 2% so voi
khoi lwong chat tao mang, da tang cuong do bén co ly ciia mang son lén toi 200 kG.cm va do
bén méi truong lén 11 60 chu ky mu muoi, trong khi dé do trong suot dién tirciia mang son
khéng thay doi, dat trung binh trén 99%.

Tir khoa: Trong sudt dién tir; Polydimethylsiloxane; Chéng dn mon; Nanosilica.
1. MO PAU

Ngay nay, viéc sir dung hat nano silica nham ting cudng cac tinh ning cho 16p phu hitu co
ngay cang rong rdi do nano silica khong lam anh hudng t6i cau triic mang [1]. Véi dic tinh co do
cling cao, bén nhiét, chdng cao xudc, phan tan tot nén hat nanosilica dugc Gmg dung trong 16p
phu nanocompozit dé bao vé chdng dn mon [2, 3]. Nano silica v6i dién tich bé mat 16n duoc Gmg
dung 1am chat don trong 16p phu epoxy nanocompozit. Nano silica dugc phéan tan déu trong 16p
phil epoxy. Véi sy bd sung nano silica di 1am ting do cimg va modul dan héi cua 16p phu 1én 21-
26% dong thoi ciing lam nhiét d6 phan huy ctia mang epoxy tang 1én [4]. Cac nghién ctru di chi
ra anh huong cia cac loai nano silica mang cac chét hoat dong bé mat khac nhau 1én tinh chét co
hoc ciia mang phu cho 6 t6. Ngoai tinh niang chéng an mon, 16p son 6 t6 van dep va bong sau
nhidu nam sir dung. Khi hat nano silica duoc tmg dung vao mang phu, cic tinh chét co 1y nhu
modul dan hdi, d clng cia mang ting cao. Két qua nghién ctru tinh chit quang cua vat liéu
nanocompozit trén co sé ctia hdn hop polyeste/nanosilica cho thay c6 su gia ting cudong do hép
thu va su giam do truyén qua cua birc xa UV khi tang ham luong nano SiO; trong hdn hop. Tinh
chat nay khong xay ra dbi véi vat liéu don silica ¢ kich thudc micromet [6, 7] Qua céac Cong
trinh nghién ctru tong hop vat lidu nanosilica tir cic ngudn thay ring, viéc tong hop di tr moi
ngudn cd nhimg uu va nhuoc diém riéng. Dé phat huy cong dung cua nanosilica can phén tan
nanosilica vao nén nhwa mot cach thuan loi va t6i wu nhat. Tuy nhién, trén bé mit nano silica c6
chira cac nhém —OH nén cac hat nano silica d& bi két tu va kho phan tan trong mang polyme.
Nanosilica thuong duoc bién tinh bé miat véi hop chét hitu co nham tang kha ning ki nuée va
tuong hop véi mang polyme. Nanosilica c6 nhitng wu diém ting cac tinh ning ciia mang son
nhu: d6 cung cao, bén nhiét, chéng cao xudc va kha nang chéng an mon, chéng tia UV,.. Bién
tinh bang cac gbc hitu co gitip phan tan nanosilica vao hé son polyuretane duoc dé dang, lam
tang d6 bén co ly, ting kha ning chdng chiu méi truong.

Trong bai bao nay, ching ti nghién ctru bién tinh nanosilica st dung polydimethylsiloxane, xac
dinh ti 1€ twong hop t01 wu giita chit tao mang este epoxy alkyd va nanosilica bién tinh dé ing dung
ché tao son trong sudt dién tir v6i do bén co Iy cao, ting kha ning chong chiu méi truong.
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2. THUC NGHIEM
2.1. Héa chit, thiét bi
2.1.1. Héa chat
Nhua este epoxy alkyd (EEA), ham khé 60%, dugc tong hop tir dau lanh, phatalic alhydride
va epoxy E-40 tai Vién Hoéa hoc — Vat liéu[8]; Diethylen glycol urethane 70% trong
cyclohexanone (DGU 70%), dang diisocyanate, ham lugng nhdm NCO: 24-28%, Nga; Pigment
TiO,, pigment G.7, pigment Y.83, pigment R.170, Nhat; Nanosilica A200, kich thuéc hat 10-20

nm, Aerosol, UK; Polydimethylsiloxane ¢6 nhom hydroxyl dau mach (PDMS-OH), Sigma-
Aldrich; n-hexane, toluene, xylene (Trung Quoc).
2.1.2. Thiét bi

Thiét bi s dung: Can phén tich 3 s6; May nghién son 2 t?lng; C6i nghién bi st 2L, May
khudy siéu toc; May siéu am phén tan vat liéu; Thiét bi do do bén va dap Erichsen; Thict bi con
lac do do g&ng m’émg son; Thiét b1 do d0 day mang son Elcometer; Thiét bi dol, d06 bén u()q; Thiét
bi mu muodi; Thiét bi do thong s~6 dién Agilent model E4980A; Thiét bi do ton hao truyén qua;
May nén khi; Sung phun son; Mau thép CT3 c6 kich thudc 75 x 150 x 0,8 mm.

2.2. Chuin bi miu
2.2.1. Bién tinh nanosilica bang PDMS [9]

Cén chinh xdc 4 g vét liéu nanosilica cho vao cc”')Nc. Can tiép mot lwong chinh xac 1 g
polydimethylsiloxane cho vao coc chira nanosilica. Hon hop dugc phan tan trong 50 ml n-
hexane, khuay tron déu. Hon hop ti€p tuc dugc khuay tron t,ai nhiét d6 phong trong 24 gid. Hon
hop dugc dua vao nung tai nhiét do 350 °C trong 4 gio vai toc do gia nhiét 4 °C/phut.

2.2.2. Khdo sdt ti Ié pha trén giita chdt tao mdang va nanosilica-PDMS

Nanosilica bién tinh dwoc khudy trong xylene bang méay khudy siéu toc trong vong 2 tiéng,
sau do6 siéu &m phan tan trong 30 phut. Tron dung dich nanosilica-PDMS da phén tan vao nhya
este epoxy alkyd EEA va ti€p tuc siéu am thém 30 phut. Nanosilica bién tinh duoc dua vao EEA
voi ti 1€ 0%, 1%, 2%, 3%, 5% phan khoi lugng ctia chat tao mang, tir d6 tim ra ti 1€ toi uvu.

2.2.3. Ché tao son trong suot dién tir sir dung nanosilica-PDMS

Can chinh xac 500 g dung dich chat tao mang este epoxy alkyd EEA (dung dich 60% trong
xylene) va 6 g nanosilica-PDMS siéu am trong 15 phut, hdn hop sau khi siéu 4m cho vao cbi
nghién bi dung tich 2 lit, cho tiép 90 g TiO,, 60g pigment G.7, 729 pigment Y.83, 22 g plgment
R.170, 244 g xylene. Hon hop duoc 1 trong 4 810, sau do cdi bi duge quay trén may voi toc do
600 vong/phut trong 8 gid. Son ban thanh pham thu dugc sau khi nghién duogc tron voi 180 g
dong rin DGU 70% va tao mau dé do tinh nang co 1y, thong sé dién va do trong subt dién tir.

2.3. Cac phuwong phap nghién ciru

CAu tric cia nanosilica bién tinh dwoc xac dinh bang phd hong ngoai FT-IR, hinh théi
nanosilica bién tinh duoc phan tich bang kinh hién vi dién tir quét (FESEM) va kinh hién vi dién
tu tmyen qua (TEM), phuong phéap phan tich nhiét trong luong (TGA), co ly mang son duoc
kiém tra bang tiéu chuan TCVN 2098:2007, TCVN 2097:2015, TCVN 2099:2013, TCVN 2100-
1:2013, d6 bén mu mudi danh gia theo ISO 7253, hing s dién moi va ton hao dién méi danh gia
theo ASTM D150, d6 trong sudt dién tir danh gia theo TCQS 71:2016/VKHCNQS.

3. KET QUA VA THAO LUAN

3.1. Bién tinh nanosilica bang PDMS

Polydimetylsiloxan v&i ciu tao dwoc hinh thanh tir cic monome -(CHs),SiO-. Khi dugc phan
tan vao nanosilica cdc monome nay tach ra dé tham gia qua trinh khéa nhom silanol, dong thoi tu

Tap chi Nghién ciru KH&CN qudn su, 88 (2023), 66-72 67



Hoa hoc & Moi truong

ngung tu mot phan dé hinh thanh mot 16p mang ki nudc bao phi cac hat nanosilica. Chinh nhd
co ché nay, cic nhom silanol dugc loai bo khoi bé mit ciia nanosilica ban dau, gop phan quan
trong trong viéc lam tang tinh wa hitu co cua vat liéu sau khi chttc hoéa. Phan ung khoéa nhom
silanol dién ra nhu sau:

HO, %
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OH * HO §|—OWO—SI| OH ————*

HO™ s% " on CHs CH; "

CH CH
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So dé 1. So do tao thanh san pham nanosilica-PDMS.

Nanosilica truge va sau khi biér} tinh bang PDMS duoc kiém tra bang phd IR (hinh 1). Trén
pho IR cua nanosilica bién tinh xuat hién thém pic 2965 cm™ g v6i dao dong hoa tri cia lién
két C-H trong nhdm CH3; cua PDMS lién két vai phan tir nanosilica, 1059 cm? dic trung dao
dong hoa tri ciia nhém O-Si-O, 800 cm™ dac trung dao dong cua nhom Si-OH, 454 Cm'l dac
trung dao dong cua Si-O. Nhu vay, qua pho IR c6 thé khang dinh nanosilica da dugc bién tinh
bdi PDMS [9].
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Hinh 1. Phé IR ciia nanosila truée (trén) va sau khi bién tinh (duéi).
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Hinh 2. Phdn tich nhiét truée (SiOs) va sau khi bién tinh (SiO,-PDMS).
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Qua phan tich nhiét TGA cho thiy nanosilica chua bién tinh bj phan huy boi nhiét rat it, nhiét
do dén 600 °C chi mat 3,6% khdi lugng. Nanosilica sau bién tinh bi phan huy téi 15% khdi
lugng ¢ 600 °C, nguyén nhan 1a do sy phan hiy boi nhiét cia nhom hydrocarbon (hinh 2).

Nanosilica trudc va sau bién tinh dugc chup bang kinh hién vi dién tir trong dung mdi toluen.
Két qua cho thiy truéc va sau khi bién tinh déu giit dwoc kich thuéc nano, ngoai ra cc hat
nanosilica bién tinh phén tan tot hon trong dung méi toluen (bén phai) so v&i nanosilica chwa
bién tinh c6 phan co cum b6 két lai véi nhau (bén trai) (hinh 3).

Thao - $i02009
Print Mag: 125000x @ 51 mm

Thao - RSi02010
Print Maq: 80400x @ 51 mm

Hinh 3. Anh TEM ciia nano silica truéce (trdi) va sau khi bién tinh (phdi).
3.2. Khio sat ti 1 pha tron giira chit tao mang va nanosilica-PDMS

100 nm 100 nm

Nanosilica sau khi bién tinh véi PDMS duogc phéi tron voi hé chit tao mang este epoxy alkyd
va DGU 70% véi cac ti 16 khac nhau tir 0% dén 5% so vé6i khdi luong chét tao mang. Két qua do
d6 bén co 1y cho thiy di véi mau khong co nanosilica bién tinh EEA/SiO,-PDMS-0 do bén co
ly chi dat 160 kG.cm, va cai thién rd rét khi bod sung 1% nanosilica-PDMS, d(“)ﬂg thoi dat t6i vu
v6i ham lugng 2%. Tuy nhién, khi ham lugng nanosilica-PDMS tang 1én 3-5% lam suy giam do
bén co 1y cua vat liu.

Bdng 1. Anh huong ciia nanosilica dén d bén va ddp mang son.

Tén m'flu EEA/SlOz- EEA/SlOz- EEA/SlOz- EEA/SlOz- EEA/SlOz-
PDMS-0 PDMS-1 PDMS-2 PDMS-3 PDMS-5
Ham luong 0 0 0 0 9
nanosilica-PDMS 0% 1% 2% 3% o%
Bén va dap 160 190 200 180 150
(kG.cm)

Hinh 4. Anh SEM ciia méu EEA/SIO,-PDMS-2 (trai) va EEA/SiO,-PDMS-3 (phdi).

Khi ting thém lai 1am cho d bén co 1y clia mang son giam, nguyén nhan 1a do khi mat do
nanosilica nhiéu s& gay ra hién tuong co cum vén cuc, khong tao dugc su phan tan toi uu trong

5.0kV 4.4mm x80.0k SE(M) 500nm

500nm  IMS-N
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mach polyurethane khién co 1y bi giam. Piéu d6 dugc thé hién qua anh chup FESEM cua hai
mau nanosilica khi dugc siéu am trong 2% va 3% chat tao mang EEA.
bé danh gia ham luong nanosilica bién tinh anh hudng dén thong s6 dién moi cua vat liéu,
tién hanh kiém tra hang s0 dién mdi va ton hao dién moi. Keét qua cho thay véi ham luong tir 1%
dén 5% nanosilica bién tinh khéng lam thay doi nhiéu cac thdng s6 dién moi cua vat liéu (bang
2). K&t qua ciing hoan toan phu hgp, vi nanosilica cling 1a mot chat c6 hang so dién moi nho va
ton hao dién moi nho, nén ham luong tir 1-5% dua vao hé chat tao mang khong lam tang ton hao
dién moi [10].
Bdng 2. Anh hwrong ciia nanosilica dén thong sé dién ciia mang son.

Ham lwgng | Két qua hang sd Két qua ton hao
TT Tén miu SiO,-PDMS | dién méi tai tin | dién mai tai tin s6
(%) s6 1 MHz 1 MHz
1 | EEA/SiIO,-PDMS-0 0 2,75 0,025
2 | EEA/SIO,-PDMS-1 1 2,75 0,024
3 | EEA/SIO,-PDMS-2 2 2,74 0,024
4 | EEA/SIO,-PDMS-3 3 2,77 0,023
5 | EEA/SIO,-PDMS-5 5 2,78 0,025

Nhu vy, qua khao sat, véi ham lugng nanosilica-PDMS 2% twong hop tdi wu véi chat tao
mang este epoxy alkyd, cho d6 bén co ly 1én dén 200 kG.cm va khong 1am thay doi thong sO
dién moéi va ton hao dién moi cua vat liéu. Do d6, ham luong nanosilica-PDMS phu hop dé bd
sung vao h¢ son trong sudt dién tir 1a 2% khéi lugng so v6i chat tao mang.

3.3. Tinh chét ciia son trong sudt dién tir sir dung nanosilica-PDMS

Mang son trong sudt dién tir sau khi dugc ché tao tién hanh kiém tra mu mudi véi cac mau
khong chira nanosilica bién tinh va miu chtra 2% nanosilica-PDMS. Sau 60 chu ky mu mubi cho
thdy dbi v6i mau TSDT/SiO»-PDMS-2 c6 chira 2% nanosilica-PDMS di cai thién dang ké do
bén méi trudng, trén bé mat vét rach ctia mau bi pha huy khong dang ké so v6i mau TSPT/SiO,-
PDMS-0. Két qua nghién ciru phit hop véi cac két qua da cong bd vé kha ning cai thién do bén
mai trudng ciia nanosilica bién tinh d6i véi mang son.

Hinh 5. Anh mau TSPT/SiO,-PDMS-0 (trdi) va mau TSPT/SiO-PDMS-2 (phdi)
sau khi chay 60 chu ky mu muoi.
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Son TSDT duoc tao mang day 70 um va do d6 trong sudt dién tir & dai tan 8+12 GHz, két qua
cho thay hiéu suét truyen qua trung binh trong dai tan dat 99%, két qua phu hop véi ban chit cua
vat lidu v6i hang s6 dién moi va tén hao dién moi nho (hinh 6).

- Ref 0.00 de 521

5.0
def
Data .
M1 8.0000000 GHz 0. 0628 dE M4: 11.000000 GHz -0.0602 dB
cal i M2: 9.0000000 GHz 0.1212 dB M5: 11.500000 GHz 0.0075 dB
oMU g M3 10,000000 GHz 0.0512 de 6 12.000000 GHz -0.0111 dB
Start 8,000 GHz IF B\ 10 kHz Stop 12.00 GHz
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Hinh 6. két qud do dg trong sudt dién tir ciia mang son tai ddi tan 812 GHz.
Mot s6 chi tiéu k¥ thuat chinh ciia son trong sudt dién tir: Qua qua trinh phan tich, thir nghiém
son TSDT cho céac két qua mot so chi tiéu chinh dugc thong ké ¢ bang 3 nhu sau:
Bdng 3. Cac chi tiéu ky thugt chinh ciia son trong sudt dién tir.

TT Tén chi tiéu Phuong phap do Két qua
1 Do bén va dap, kG.cm TCVN 2100-1:2007 200
2 D6 bén udn, mm TCVN 2099:2007 2
3 D6 bam dinh, diém TCVN 2097:2007 1
4 | o clng TCVN 2098:2007 0,43
5 Do bén mi mudi, chu ky TCVN 8792:2011 60
6 Do trong sudt dién tir, % TCQS 71:2016/ 99
VKHCNQS
4. KET LUAN

Qua qua trinh nghién ctu, ching t6i di bién tinh thanh cong nanosilica bang
polydimethylsiloxane, nanosilica sau khi bién tinh phan tan t6t trong hé chit tao mang este epoxy
alkyd va dat ti 18 t6i wu v6i chét tao mang 1a 2%. Son trong sudt dién tir ché tao dugc voi 2%
nanosilica bién tinh PDMS ¢6 do bén co 1y dat 200 kG.cm, do ctng 0,43, d6 bén mu mubi 60
chu ky va d¢ trong sudt dién tir dat trén 99%. Véi cac cac tinh chét cta son trong sudt dién tir da
nghién ctru dugc cho thiy hoan toan c6 thé dap img dugce nhu cau bao vé cac thiét bi ra da lam
viée dudi thoi tiét khi hau nhiét d6i khac nghiét va dam bao sy 6n dinh viéc theo ddi muc tiéu
cuara da.

) Loi cam on: Nghién citu nay dwoc thuc hién nho sy tai tro' kinh phi ciia Nhiém vu nghién, citu khoa hoc
cap Vién Khoa hoc va Cong nghé quan sy nam 2022: “Nghién citu hoan thién cong nghé che tao son trong
suot dién tir bén khi hdu nhiét doi va moi truong bién dao s dung bdo vé cdc logi ra da bang tan X .
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ABSTRACT

Study on modification of nanosilica by polydimethylsiloxane used to increase the
mechanical and environmental strength of electromagnetic transparent coating

Electromagnetic transparent coating is used to protect radars, and electromagnetic
wave transceivers, coating has both a protective effect, and good environmental
resistance, and also allows electromagnetic waves to pass through the coating and
ensures the protection of electromagnetic waves. stable working of the radar. Enhancing
the weather protection and environmental resistance of radars and electromagnetic wave
transceivers, especially in marine and island climates, requires a transparent
electromagnetic coating to meet durability. By modifying nano-silica with PDMS by sol-
gel method and adding it to an electromagnetic transparent paint system, it was found that
with a content of 2% compared to the mass of the film-forming agent, the mechanical and
mechanical strength of the paint film was increased up to 200 kG.cm and environmental
durability up to 60 salt-blind cycles, while the electromagnetic transparency of the paint
film remains unchanged, reaching an average of over 99%.

Keywords: Transparent electromagnetic; Polydimethylsiloxane; Anti-corrosion; Nanosilica.
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