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SO SANH SU'PONG RAN AM O NHIET PQ THUONG CUA CAC
POLYSILAZANE BANG QUANG PHO HONG NGOAI PHAN XA - HAP THU

MOISTURE-CURING COMPARISON OF DIFFERENT POLYSILAZANES AT ROOM
TEMPERATURE BY INFRARED REFLECTIONABSORPTION SPECTROSCOPY

Nguyén Thi Diéu Hing", Nguyén Pinh LAm"™

Trwong Pai hoc Bach khoa, Pai hoc Pa Nang; “ntdhang@dut.udn.vn,

Toém tét - Hién twong dong rén cla ba loai polysilazane (PSZ) khéc
nhau d& duoc khao sat & nhiét d6 thuwong voi sy c6 mat cla Am.
Két qua theo déi dong hoc bang quang pho hdng ngoai véi k§ thuat
Phan xa - Hap thu FT-IRRAS cho théy, dm v&i qua trinh déng ran
Am & diéu kién moi trwdng, tbc d6 dong ran ty 1& nghich vai ty 1&
cac nhém thé alkyl trong cAu tric phan tr PSZ va ty 1é thuan voi
sy cé mat cila nhém triethoxysilyl Si(OC;Hs)s. Sw thily phan nhém
Si(OC;Hs); xay ra véi tbc do nhanh hon so véi cac nhom Si-H va
Si-N. Ngoai ra, sw hién dién cta nhém Si(OC,Hs); cé anh hwéng
tich cuc dén qua trinh dong rén cla PSZ ciing nhw d6 cirng cua
I&p pha hinh thanh. Trong pham vi nghién ctru cling cho thay, cac
PSZ khong chra nhom triethoxysilyl Si(OC,;Hs); nhwng cé kha
nang hinh thanh siloxane loai T nhiéu hon sé& c6 dd cirng I&p phd
I&n hon.

T khoa - 16p phi; polysilazane; déng rdn am; d6 ciring Persoz;
"H-NMR; FT-IRRAS.

1. Mé dau

Polysilazane (PSZ) c6 cong thire chung 1a (SiRiR>~NR3),—,
duoc tmg dung ; rat nhiéu trong linh vuc vét liéu ceramic va
thuong dugc tdng hop bing phan img ammonolyse cua
diclorosilane SiCL,R;R; (Hinh 1). Bing qua trinh xu Iy ¢
nhiét d¢ cao (1000+1500°C), tir PSZ c6 thé tong hop nhiéu
vat liéu vo dinh hinh hodc tinh thé silicon carbonitride
Si/C/N ¢6 d bén co va nhiét cao [1]. Mot _phuong phap
méi che tao vat lidu ceramic tir PSZ nhung tién hanh ¢ Y dleu
kién mém hon nhidu do6 la phuong phap dong rin 4m
[2, 3]. Lop phu ceramic tong hop bang phuong phéap nay
¢6 rat nhiéu wu diém: bén co, bén hoa, bén nhiét, bong sang,
dé lau chui...

R R R2 R
! 3 R/ /°
| | NSi—N
Cl—Si—Cl + y . n
| / '\
R, H H
Ry, R, =H, CHj3, vinyl
R; = H, alkyl

Hinh 1. So do6 phan irng tong hop polysilazane

Qua trinh dong rin Am ctia PSZ duoc thuc hién qua hai
giai doan: thuy phan cac lién két Si-H va Si-N tao thanh
céc silanol Si-OH va ngung tu cac silanol dé hinh thanh
nén 16p pha rén trén co sé siloxane Si-O-Si nhu so ¢ Hinh
2. Nhu véy, tuy thudc vao ban chét cta cac nhanh Ry, Ry,
R; trong cau tric ciia PSZ ma mang silic rén dugc tao thanh
tir cac siloxane dang Q, T hay D. Sy hinh thanh siloxan
dang Q, T hay D dugc nhan biét bang phuong phap cong
hudng tir 2Si-NMR [3]. Néu mang silic cang chira nhiéu
siloxane nhom Q va nhom T thi mang khong gian 3 chiéu
—Si—O-Si— cang bén viing. Néi cach khac, cac nhom thé
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Abstract - Moisture-curing of three different polysilazanes (PSZs)
has been studied at room temperature with the presence of a
moisture-containing atmosphere. Investigations of curing kinetics
of PSZs by infrared reflection absorption spectrtoscopy (IRRAS)
clearly showed that the curing rate depended on the proportion of
substituted alkyl groups and the presence of triethoxysilyl
Si(OC;Hs); group in polysilzane structure. The hydrolysis of
Si(OC;Hs)s group occurs faster than that of Si-H and Si-N groups.
Moreover, the presence of Si(OC,Hs); group had a positive impact
on curing of polysilazane as well as on the hardness of coatings.
This study has also shown that the polysilazanes which did not
contain triethoxysilyl group but formed siloxane containing more T-
type siloxane units had higher hardness of the coating.

Key words - coating; polysilazane; moisture-curing; Persoz hardness;
'H-NMR; FT-IRRAS.

Ri, Rz, R3 s€ anh hudng dén téc do6 dong rin cling nhu d6
cting cua l6p phu ran.
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Hinh 2. Qud trinh déng rdn am ciia cdc polysilazane
Trong pham vi nghién ctru nay ching t6i thuc hi¢n danh
gia anh hudng cua ban chét va ty 1& cac nhanh thé alkyl R
dén toc d6 déng ran clng nhu d6 cing Persoz cua 16p phu
silic hinh thanh tir qua trinh dong rén im cua 3 loai
polysilazane khac nhau.

2. Thwe nghiém

Ba loai Polysilazane su dung trong nghién cuu la
Polymethylhydrosilazane chta nhanh Triethoxysilyl
(PMHS-Te), Polymethylhydrosilazane (PMHS) va
Polyvinylsilazane (PVS) (hang Clariant — Puc) dugc trinh
bay trén Hinh 3. Pay la cac loai nhya cong nghiép, & dang
long, c6 mui ammoniac rat dac trung va dugc su dung truc
tiép khong can tién xur 1y.

Theo cac cong thirc cau tao nay, ca 3 loai PSZ — PMHS-
Te, PMHS, PVS — déu khong c6 kha ning hinh thanh
siloxane loai Q khi dong ran am.
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Hinh 3. Céng thitc cdu tao ciia cdc polysilazane nghién ciru

2.1. Kiém tra céng thirc héa hoc ciia cic PSZ bing phé
cong hwong tir hat nhdn

Céc PSZ s& dugc kiém tra cong thirc hoa hoc bang phd
cong hudéng tir hat nhan carbon *C-NMR va proton
'H-NMR trén may Briiker Avance 400 v&i dung moi CDCls.
Ty 1€ cac mit xich - a, b, ¢, d cia PMHS-Te; e, f cia PMHS
va g, h ctia PVS duoc xac dinh dya trén dién tich cac peak
déc trung cia phé '"H-NMR. Céc ky hiéu s, d, t, q hay m ddc
trung cho céc peak cé don, doi, ba, bdn hay da dinh.

2.2. Theo déi qud trinh déng rin am ciia PSZ bing phé
héng ngogi chuyén déi Fourier

Téc d6 dong ran am cua cic PSZ dugc theo doi bang
phé hdng ngoai chuyén ddi Fourier FT-IR trén thiét bi
ThermoNicolet Nexus670 bang ky thuat do Reflexion —
Absorption (Hinh 4). V&i k§ thudt do phd hdng ngoai nay,
bé day cua 16p phu phai bé, khoang mét vai pm. Vi vay
chung t6i phdi pha lodng cac PSZ trong dung mbi
Ethylacetat (EA) v&i ndng d6 1g PSZ trong 10ml EA. Qua
trinh tao mang dwoc thyc hién bing phuong phap
dip-coating, v6i van tdc nhung 14 240 mm/phit; s6 1an nhiing
1a 5 1an, thoi gian ngam trong cic dung dich PSZ-EA 14 2
gidy, thoi gian cho giira 2 1an nhing 1a 30 gidy.

Al AnexUs

Hinh 4. May do phé héng ngoai ThermoNicolet Nexus670
v6i bé dung cu do Phan xa — Hap thu
Qué trinh déng rén cdc PSZ thyc hién ¢ diéu kién moi
truong (d6 am tuong doi 55% va 22°C). Cac 16p phu hinh
thanh sau khi dong ran c6 bé day kha mong, khoang 1pm
(duoc xac dinh bang dung cu Elcometer 345F).
Qua trinh do phé h6ng ngoai d}rqc thuce hién ty dong theo
chuong trinh cai dat. Cac thong s6 duoc cai dat nhu sau:

- S6 1an quét: 64;
- Do phan giai: 4 cm’;

- Khoang cach giira 2 14n do: 20 phut;
- Thoi gian do: 4000 phut.

Céc ky hiéu v, 5 va p s dung trong phd FT-IR dic trung
cho dao dong hoa tri, dao dong bién dang trong mit phang
va dao dong bién dang ngoai mit phing ciia cac lién két.

2.3. Danh gia dj cirng Persoz clia cdc lop phii

Do cung Persoz cua cac 16p phi PSZ dugc thuc hién
trén thiét bi Elcometer 3030 theo ti€u chuén NF T 30- 016.
Nguyén tic ciia phuong phap 1a do thoi gian dao dong tat
dan cua con lic trén bé mit mang son. Bé& mit cang clng
thi dao dong cua con lic cang lau tat va do cung cua 16p
phu cang cao. Yéu cdu cua phép do do cung Persoz 1a 16p
phii phai c6 d6 day twong dbi 16n. Vi vay chiing t6i sir dung
thanh barcoating 120pum dé phii cac PSZ 1én tim nhom. Ca
3 loai PSZ duoc sir dung nguyén chit, khong pha loing
trong dung méi. Qua trinh dong ran duoc thuc hién ¢ do
am tuong ddi 84% dé tang tde do dong ran va & nhiét do
mbi truong. Bé day cua 16p phu sau khi dong rin kha day,
dugc xac dinh bang Elcometer 345F va dat xap xi 60 um.

3. Két qua va thao luin

3.1. Xdc dinh ty I¢ cic mit xich ciia cic PSZ bing
TH-NMR va >C-NMR
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Hinh 5. Phoé 'H-NMR va “C-NMR ciia 03 logi polysilazane.
IH.NMR: PMHS-Te 6 4,64+4,39 (m, Si-H); 3,81 (g, OCH:CH);
2,67 (1, N-CH>-CHx-CH:>-Si); 1,49 (m, N-CHxCH-CH:-Si); 1,20
(t, OCH>CH3); 0,82 (s, N-H); 0,62 (t, N-CH>-CH>-CH-Si) va 0,14
(5, Si-CH3), PMHS & 4,64+4,39 (m, Si-H); 0,82 (s, N-H) vd 0,15
(5, Si-CHz), PVS 6 6,12 (m, -CH=CH>); 6,02+5,79 (m, -CH=CH.);
4,64+4,39 (m, Si-H); 0,84 (s, N-H) v 0,19 (s, Si-CH3). BC-NMR:
PMHS-Te & 58,23 (OCH:CH3); 45,05 (N-CH>-CHa-CH:-Si);
27,18 (N-CH-CHx-CHa-Si); 18,25 (OCH:CHy); 7,46 (N-CHa-
CH>-CH>-Si) va -2<5 (Si-CHz), PMHS & 25 (Si-CH3), PVS 6
142+137 (-CH=CHy); 134130 (-CH=CH) vd 25 (Si-CH;)




ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, SO 1(86).2015 M

Két qui phan tich cac phé 'H-NMR va "C-NMR
(Hinh 5) da khang dinh su c6 mat cua tung loai proton Yé.
carbon trong cong thirc cau tao cua cac PSZ. B dich chuyén
héa hoc ctia moi loai H va C ciing duoc xéc dinh [4], [5], [6].

Bing phan mém MestReC, dién tich cac peak trén phd
"H-NMR duogc xéac dinh bang tich phan va cho phép xéc
dinh ty 1€ cac proton (Bang 1). Tur d6 ty 1€ cac mat xich cua
cac PSZ dugc tinh toan va trinh bay trong Bang 2.

Bing 1. Tich phdn cdc peak (4) trén phé do 'H-NMR ciia cdc PSZ

PMHS-Te PMHS PVS
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Bing 2. Ty [¢ cdc mdt xich cia cdc loai polysilazane
dwoc xdc dinh tir pho @6 'H-NMR

Loai PSZ Ty 1§ cac mit xich
PMHS-Te a=003 b=031 ¢=065 d=0,01
PMHS e=0,33 f=0,67
PVS g=021 h=0,79

Tir Bang 2 ¢6 thé thiy rang, néu qua trinh dong ran dién
ra hoan toan thi nhyra PMHS s€ tao thanh 67% siloxane loai
T; dbi voi nhya PVS s€ cho dén 79% siloxane loai T; va ty
1€ siloxane loai T co thé hinh thanh tr nhua PMHS-Te do
su thuy phan Si-H va Si-OC,Hs 1a:

(3+3+65+1)*100/(3+3+65+1+31+1) = 69,2%.

Phan ung thuy phan cua nhom ethoxysilyl Si-OC,Hs
(Si-OEt) dugc dé nghi dién ra nhu Hinh 6. San pham dong
rin cia nhom nay s& hinh thanh siloxane loai T, 1am ting
d6 bén chat ciia mang khong gian 3 chidu —Si—O-Si-.
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Hinh 6. So d6 dong ran am ciia nhom triethoxysilyl

3.2. Theo déi sw dong rin ciia PSZ biang FT-IR

Phé hong ngoai FT-IR cua 16p pha PMHS-Te theo thoi
gian dong ran 4m duoc trinh bay trén Hinh 7. Két qua cho
thiy ring qua trinh dong rin da 1am dich chuyén cac dai dao
dong ciia cac lién két nhung khong déng ké. Cudng do dao
dong ¢ 3381 cm! (unn), 2113 em! (vsin) va 1162 em! (Snn
va pcus cia nhom Si-OCH,>CH3) [7] giam 1o rét, dac biét
trong khoang 10 gio diu. Bén canh do, do hép thu cua cac
dao dong Si-O-Si tai 1080 va 1031 cm™ ting manh. Sy thay
ddi cudng do cua cac dao dong nay da chimg t6 qua trinh dong
rin ciia PMHS-Te dién ra dya trén su thiy phan cua Si-H,
Si-N va nhém Si-OEt dé tao thanh céc silanol Si-OH, tiép
theo 1a sy ngung tu ciia cac silanol dé tao thanh 16p phu ran
trén co s& cac siloxane Si-O-Si nhu so d6 Hinh 2 va Hinh 6.
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Hinh 7. Céc phé FT-IR ciia PMHS-Te tqi cdc thoi diém dong
ran khac nhau. (4): tir 3500 = 1800cm’; (B): tir 1300 <+ 600cm™
Twong tw nhu két qua nghién ctru trude day [3], o chuyén
hoa cua céc lién két Si-H, N-H (dic trung cho Si-N) va Si-OEt
duoc xac dinh dua trén dinh luat Lambert - Beer véi yéu td so
sanh 1a d6 hap thu ctia Si-CH; tai dai sé song 1260cm™. Két
qua tinh toan duoc thé hién trén do thi Hinh 8.
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Hinh 8. Do chuyén héa ciia Si-H (2113 cm™), N-H
(tai 3381 va 1162 cm”) va Si-OEt (1162 cm”!)
cua PMHS-Te theo thoi gian dong ran am

Nhan thdy rang mic do chuyén héa cua Si-H va N-H
khé giéng nhau, dat 50% sau 10h dong ran va khoang 60%
sau 65h. C6 thé néi ring hoat tinh cua Si-H va Si-N gan
nhu nhau. Tuy nhién cuong d0 cia dai dao ddng tai
1160cm™ dic trung cho nhom Si-OEt giam rat nhanh, do
chuyén hoa dat 80% sau 10h dong rén va khoang 95% sau
65h. Piéu nay cho phép khang dinh ring sy thiy phan
nhom triethoxysilyl Si-(OCH,CH3s)s x4y ra nhanh hon su
thay phan Si-H va Si-N.

S dong rén cua hai 16p phu polysilazane con lai, PMHS
va PVS, ciing dugc theo ddi biang quang phd FT-IR (Hinh 9).
Két qua thé hién trén cac phd dd cua PMHS va PVS déu cho
thay c6 su sut giam ciia dao dong Si-H va N-H va sy ting
cudng do cua dao dong Si-O-Si & 1031 cm! d6i véi PMHS
va & 1044 cm! d6i v6i PVS. Bidu nay chimg to qué trinh khau
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mach cia PMHS va PVS ciing da xdy ra thong qua phan Gng
thuy phan va ngung ty tvong tw nhu PMHS-Te. Tuy nhién,
tdc d6 dong ran cia cac polysilazane nay khac nhau.
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Hinh 9. Céc ph6 d6 FT-IR ciia PMHS va PVS
theo thoi gian dong ran am
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Hinh 10. So sanh dé chuyén héa ciia Si-H ciia cac PSZ
theo thoi gian dong ran

Két qua tinh toan do chuyén hoa cua Si-H cia 3 loai PSZ
duoc thé hién trén do thi Hinh 10. Nhan th?iy ré“mg, vén toc thuy
phan Si-H ctia PMHS-Te dién ra nhanh nhét, tiép dén la PVS
va chdm nhat 1a PMHS. Nhu vay, ban chit ctia cac nhanh thé R
¢6 anh huong nhét dinh dén hoat tinh cta cac PSZ khac nhau,
cu thé 1a anh huong dén kha ning phan tmg ciia nhém Si-H.

Mic du loai PMHS-Te c6 phan nong d6 Si-H chi bing
0,65+0,03 = 0,68 nhung lai c6 tbe do chuyén hoa nhanh
hon, dat 55% chuyén héa sau 900 phut tirc 15h va dat 63%
sau 64h. Kha nang tham gia phan Ung thiy phan cua
PMHS-Te con 16n hon loai PVS chira néng d6 Si-H 16n
nhét (0,79 phan mol). Riéng loai PHMS khong c¢6 nhanh
triethoxysilyl, do chuyén hoéa cia Si-H chi dat 41% sau 15
gio. Két qua nay cho phép dé& nghi ring sy c6 mit cua
C>HsOH sinh ra do qua trinh thiy phan nhém —Si(OC;Hs)s
cia PMHS-Te (Hinh 6) da c6 tac dong tich cuc dén toc do
dong ran cua polysilazane. Tinh wa nuéc ciia C;HsOH da
lam ting mat do cac phén tir nudc trén bé mit 16p phi, dan
dén kha ning bi thily phan cua Si-H ting 1én.

So sanh gitra PVS va PMHS, sau 20h dong rén, nhin
thdy d6 chuyén hoa cua Si-H trong PVS 16n hon d6 chuyén
hoéa cta Si-H trong PMHS khoang 10%. Chénh léch nay
duy tri cho dén 64h phan trng. Khi phan tich cong thirc cdu
tao cua PVS va PMHS, théy rﬁng, ty 1€ gitra phﬁn hitu co
(nhanh alkyl) so véi phan vé co (Si-H) ciia PVS la
(0,21+0,21+0,79)/0,79 = 1,53 va cua PHMS 1Ia
(0,33+0,33+0,67)/0,67 = 1,99. Diéu nay chig t6 sy c6 mit
ctia ty 18 16n pha hiru co da anh huong khong c6 loi dén
kha nang phéan trng v6i nhom OH cua Si-H nhu nghién ctiru
cua Bauer [2] da dua ra. Vi vay tde do thiy phan Si-H cua
PMHS dién ra chdm hon so v&i PVS.

3.3. Danh gia dp cirng Persoz ciia cdc lop phii rin

Do cling Persoz cua 3 mang phim day PMHS-Te, PMHS
va PVS dugc trinh bay trén Hinh 11. Két qua cho thdy theo
thoi gian dong ran, d¢ clmg cuia cac 16p phu ting Ién, d6 1a
do su hinh thanh mang luéi siloxane Si—O—Si. Tuong tu nhu
trén mang mong, nhan thiy 16p phu PMHS-Te dong rén
véi tde do nhanh nhét va cho dd cung Persoz 16n nhét.
PMHS-Te c6 d6 cimg ting manh trong 4 ngay dau dong
rin sau d6 chdm dan va én dinh & thoi diém khoang 7 ngay,
ung voi do cung Persoz 1a 332 gidy.
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Hinh 11. Theo doi d¢ cimg Persoz cua cdc I6p phi PSZ
theo thoi gian dong ran

So v6i tAm kinh chuan c6 thoi gian dao dong ctia con
lic 1a 430£10 giay, do cung cua 16p phu PMHS-Te sau
9 ngay déng rén 1a 335 gidy, dat 78%. Gia tri nay cho thiy
16p phu silic hinh thanh bang qué trinh déng ran am cua
PMHS-Te ¢6 d6 ctng t6t. Két qua nay 1a do mang silic tir
PMHS-Te chu yéu cAu tao tur cac siloxane dang T, nén cAu
truc mang tét, c6 d0 cung cao.

Dél Vi 16p phu day cia PMHS va PVS thi qua trinh
dong rin dién ra cham hon. Trong 1 dén 2 ngay dau khong
thé thuc hién phép do do cimg Persoz vi 16p phu con mém.
Téc dong cuia con lic tao ra nh1eu vét xude trén bé mat. Sau
thoi gian 8 ngay dong ran am, thoi gian dao dong tit dan
trén bé mat 16p phi cling chi dat dwoc 210+220 gidy.
Chirng to d6 ctimg cac 16p pha nay thip mic du c6 kha ning
tao thanh siloxane loai T cao. S¢ di nhu vay la do sy thuy
phén cta PVS va PMHS khong thuan loi nhu PMHS-Te.
Su khéc nhau nay 1 do anh hudng cua ty 18 va ban chét cua
cac nhanh alkyl trong cu tao ctia PSZ.

Két qua nay cang khiang dinh hon nita, toc do dong ran
nhanh cta 16p phit PMHS-Te, 1a do sy hién dién cua nth
triethoxysilyl Si-(OC>Hs); méc du nhom nay chiém ty 1¢ thap.
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4. Két luan

Cac polysilazane PMHS-Te, PMHS va PVS da duogc
kiém tra bang "H-NMR va *C-NMR dé xéc dinh ty 1& cac
mit xich co trong cong thiic cau tao. Ty 1 khac nhau clia
céc mét xich hay néi cach khac, sy khac nhau vé ty 1¢ nhom
Si-H, cling nhu sy c¢6 mit cia nhom triethoxysilyl
—Si(OCH>CHs)s, methyl —CH3 va vinyl -CH=CH, da anh
hudng dén tdc d6 dong rin 4m cua polysilazane. Két qua
thu dugc tir phd FT-IR ciing nhu d6 cimg Persoz cho thiy
rang, sy ¢ mit cua nhom triethoxysilyl két hop voi ty 16
16n cia nhom Si-H c6 tac dong tich cuc dén qua trinh khau
mach va d6 cimg cua 16p phu. Phan tich cac phd dd FT-IR
cling cho thay sy thily phan nhém triethoxysilyl dién ra
nhanh hon so véi cac nhom Si-H va Si-N.

Loi cam on: Ching 16i xin chdn thanh cam on s c6
van ciia GS. Frangois-Xavier Perrin ciing nhw phong thi
nghiém MAPIEM (EA4323), Pai hoc Nam Toulon (Phap)
da tao diéu kién cho chung toi thuc hién nghién cuu nay.
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