P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

TANG CUONG KHA NANG CHONG CHAY CUA POLYURETHANE
PHU SOL SILICATONG HOP TU NATRI SILICAT

IMPROVEMENT OF FLAME RETARDANCY OF NANOSILICA COATED POLYURETHANE

USING SODIUM SILICATE AS SILICA SOURCE

TOMTAT

Bai bao trinh bay vé tong hop dung dich sol silica bang phiong phap trao
d6i ion tir ngudn thily tinh 1dng. Dung dich sol silica dwgc phi 18n bé mét vat liéu
polyurethane béng phuong phap nhiing phi. Vat liéu polyurethane phii nano
silica dwoc dac trung bdi cac phwong phép héa Iy hién dai nhu: FTIR, XRD, EDX,
TGA, SEM. Tinh chat chdng chéy clia vat liéu dugc danh gia thong qua phwong
phap UL-94V va chi s6 oxy gidi han LOI. Ngoai ra tinh chat co Iy nhu d6 bén kéo
d(rt, d6 bén va dap, A6 bén nén cling duoc khao sat va danh gid. Két qua cho théy
vat liéu polyurethane phd nano silica da téng cvdng kha ndng kha néng chdng
chay cla vat liéu polyurethane, chi s6 oxy giéi han LOI tang 19,0 Ién 31,0% va
tinhchat co Iy clia vat liéu nhu d6 bén kéo diit, va dap dwoc cai thién.

Tir khoa: Sol silica; phuong phap nhiing pha; vat liéu polyurethane phd nano
silica; khd nang chdng chay.

ABSTRACT

The paper reports the synthesis of silica sol by ion exchange method using
sodium silicate as silica source. Nano silica particles are deposited on polyurethane
surface by the deep coating method. Nano silica coated polyurethane are
characterized by XRD, FTIR, SEM, EDX and TG-DTA. Flame retardance properties of
the materials are determined by UL-94 method and the limiting oxygen impact
resistance strength and compressive are examined and evaluated. From the
obtained results, it revealed that flame retardancy of the materials is improved, LOI
value increased from 19% to 31% and and the mechanical properties like tensile
strength, impact resistance strength are improved

Keywords: Silica sol; deep coating method; nano silica coated polyurethane;
flame retardancy of the materials.
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1.GIOI THIEU

Polyurethane (PU) la mdt trong nhitng loai nhya polyme
guan trong nhat dugc tdng hop tir diisocyanate hodc
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polyisocyanate va oligomeric hydroxyl polyol [1].
Polyurethane duoc (ng dung rong réi trong cdng nghiép va
doi séng xa hoi nhv ndi that, bao bi, dém an toan [2].
Polyurethane c6 tinh cach nhiét, cach am tét, kha nang chiu
Ic cao, bén hoa chat, co kha ning chéng &n mon, dé gia
cong va dé két dinh vai céc loai vat liéu khac [3]. Tuy nhién,
Polyurethane c6 nhwoc diém la tinh dé bt chay cao, sinh ra
nhiéu khéi va khi doc trong qua trinh chay gay anh hwéng
dén méi trvong han ché pham vi ting dung clia vat liéu. Cac
hop chéat chdng chay chira halogen, photpho, lvu huynh
thuong duoc sit dung lam phu gia lam giam kha nang bt
chay cla cac loai vat liéu polymer [4, 5]. Tuy nhién, hién nay
cac hop chét chéng chay chira halogen da bi han ché st
dung do qué trinh chay chiing sinh ra nhiéu chat ddc hai,
anh huwang nghiém trong dén con ngudi va moi trvong [6, 7).
Chét chdng chay c6 ban chat vé co nhu nanosilica, nano
alumino - silica, nano clay thuong dwoc sir dung phan tan lén
bé mit polymer nham tao ra I6p b&o vé cach nhiét va chéng
chéy dong thoi tinh chat co ly cling duoc cai thién. Trong s
cac chat chdng chay cé hiéu qud, nano silica dugc quan tam
nghién clru va phat trién do vat lieu nay than thién moi
truong, khéng gay doc hai va cé hiéu qua cao trong viéc lam
cham hodc chéng chay [8, 9]. Nano silica thuong duoc téng
hop tlr nguodn silic hitu co nhu tetraorthoethyl silicate (TEOS).
Tuy nhién, do gi4 thanh clia TEOS rat cao (2-3 triéu VND/Iit)
nén viéc st dung nano silica & quy mo Ién bi han ché, khé
canh tranh trén thi trudng. Trong nghién cru nay, chang toi
téng hop sol silica bang phuong phap trao déi ion tir ngudn
nguyén liéu thdy tinh Idng. Dung dich sol silica dwuoc phu
Ién bé mat polyurethane dé tang cwong kha nang chéng
chay va tang tinh chat co ly cha vat liéu. Anh hudng ham
lvgng nano silica (théng qua s6 [an pht) dén tinh nang
chdng chay (UL-94, LOI) va tinh chat co ly clia vét liéu duoc
khao sat va danh gia.
2. THUC NGHIEM

Héa chat sir dung: 4,4-Diphenylmethane diisocyanate
(MDI, 3,996mmol/g) 98% (Merck), dibutyltin dilaurate
(DBTDL) 95% (Merck); Tetrahydrofuran (THF) 99% (Merck);
glycerol 99% (Merck), va polyethylene glycol 400g/mol
(PEG-400) 40% (Merck), Merck; thly tinh I6ng c6é ty trong
1,4 - 1,42; ham lugng SiO, 27% (Merck); kali hidroxit 85%
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(Merck), nhya trao dbi ion Amberlite™ IR120 (Dow
chemical) (Merck).

2.1. Téng hop dung dich sol silica

Dung dich sol silica dwvoc téng hop bang phurong phap
trao doi ion [10] st dung nhua trao déi ion Amberlite va
thay tinh l1dng tr Ia nguon silic.

Quy trinh tong hop sol silica gdm nhitng budc sau:

- Budc 1: tao dung dich natri silicat bang cach phalodng
thay tinh ldng voi nuéc cat dat ndong dd khoang 10% va
khudy trong 30 phut.

- Bwgc 2: tién hanh trao d6i ion Na* véi ion H* clia nhwa
trao doi ion Amberlite dé tao thanh dung dich axit silicic
nong do 10% SiO.,.

- Brdc 3: d6 dung dich KOH 0,1M (d& duoc gia nhiét dén
80°C) tlr tlr vao dung dich axit silicic néng dé 10% SiO, &
trém da duoc gia nhiét & 80°C va diéu chinh pH dat 8 - 10
dé tao sol silica (dang hoat dong - méi dwoc hinh thanh)

- Buwéc 4: Co dac sol silica trong diéu kién ap sudt chan
khong, nhiét d6 90°C cho dén khi thu dugc sol c6 ham
lvgng SiO, khodng 10% kich thwéc 3 - 4nm (& pH =8,5-9).
2.2.Téng hop vat liéu PU

Polyurethane duwgc téng hop tir polyol voi disocyanat
vGi sy c6 mat cla chat tao x6p va cac loai phu gia khac. PU
dugc tao ra theo phuong phap dé khuén. Tién hanh can
nguyén liéu, héa chét theo ty I& don phdi liéu lva chon vao
2 cdc riéng biét. Mot cdc dung MDI, céc con lai chira hon
polyol va cac phu gia khac, ty |é gilta MDI/polyol la 1/4 vé
kh6i lvgng. Khudy tron k§ hdn hop trong cde thir 2, sau do
d6 nhanh c6c thir nhdt chira MDI va khudy bang may
khudy. Sau khi hdn hop 2 céc dugc trén déu, d6 nhanh hon
hop vira khudy vao khuén roi dong khuon.
2.3.T6ng hop vat liéu sol silica/PU

Chuén bi mau PU c6 kich thudc 60x40 mm va day 5 mm.
Cho mau PU vao 50 ml dung dich sol silica 10% rung siéu
am 2 phat. Mau sol silica/PU duoc sdy khd & 80°C trong 1
gi0r. Ky hiéu mau sol silica/PU-1. Cac mau sol silica/PU-3, sol
silica/PU-5 va sol silica/PU-7 duwgc thuc hién twong tu voi s6
lan 13p lai.

2.4. Cac phuwong phap dac trung vat liéu

Céac mau vat lieu dwoc dic trung bang phuong phap
nhiéu xa tia X & 10 - 80° (D8 ADVANCE, Bruker, Dtc) st
dung Cu Kao; blrc xa dong (A = 0,154nm), téc dd quét
3°min. Phd hong ngoai FTIR dwgc phan tich trén may
JASCO(USA) - FT/IR-4100. Hinh thai clia nanocomposite
duoc quan sat bang kinh hién vi SEM S-4800 (Hitachi, Nhat
Ban), hoat dong ¢ dién ap gia t6c 200kV. Phan tich quang
phod tia X phan tan nang lvong (EDX) dugc do trén JED-
2300 voi lép phd vang. Phan tich nhiét TGA dugc do trén
may phén tich nhiét vi sai Labsys evo TG-DTA 1600
(Setaram - Phap). Kha nang chdng chay ctia phan liéu sol
silica dugc phan tich bang cac chi s6 oxy gigi han (LOI) (Po
tai trvdng Pai hoc Bach khoa Ha N6i) dwoc x&c dinh dwa
trén cac chudn: ASTM D2863, BS 1S04589-2, kha nang bat
chay UL-94 theo tiéu chuin ASTM D635 va ASTM D568 va

céc tinh chat co ly: do bén nén (theo tiéu chuan ASTM
D1621, trén may do kéo nén da ndng zwick Z2.5 Vién Ky
thuét nhiét dai, Vién Han 1am Khoa hoc va Céng nghé Viét
Nam, mau do c6 dd day 5cm kich thudc 10 inch), dd bén va
dap (theo tiéu chuan ASTM D256, trén thiét bi danh gia dé
bén va dap Izod va Charpy 402D-Z2, Vién K§ thuat nhiét
déi, Vién Han 1am Khoa hoc va Céng nghé Viét Nam, mau
do c6 db day 3 - 5mm, chiéu réng 13mm va chiéu dai
65mm, dé bén kéo (theo tiéu chuan ASTM D882, trén may
phén tich co ly da nang Gotech Al-7000M, Vién Hoa haoc,
Vién Han 1am Khoa hoc va Céng nghé Viét Nam, mau thanh
hinh mai chéo kich thwéc: 25 x 110mm).

3. KET QUA VA THAO LUAN
3.1. Ph6 hong ngoai FTIR

Gian dd phé hong ngoai FTIR vat liéu PU va sol silica/PU
dwoc thé hién & hinh 1.
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Hinh 1. PhG hong ngoai FTIR mAu PU va vt liéu sol silica/PU

(a) PU ban dau; (b) sol silica/PU-L; (c) sol silica/PU-3;

(d) sol silica/PU-5; (e) sol silica/PU-7

Gian do6 FTIR hinh 1 cho thay, vat liéu PU c6 cac dao
dong lién két ctia nhdm N-H & 3415 - 3419cm™, dinh peak
& dao doéng 1646cm™ dac trung cho dao déng clia nhém
C = 0. Sau khi pht l6p sol silica Ién bé mat PU xuat hién cac
dao dong & 803 - 813cm™ dac trung cho dao dong cla
nhém Si-O-Si bat déi x(*ng va tan s6 dao dong & 466 -
467cm™ dac treng cho dao dong nhém Si-O-Si d6i xrng.
Hon nita, dao déng & 3415 - 3419cm™ réng hon va lén hon
so v&i mau PU ban dau [11]. Lién két hydro la tuong tac
quan trong nhéat trong polyurethan va cé xu huéng anh
huéng dén tinh chat vimo cua l6p pha [12].
3.2. K&t qua nhiéu xa tia X (XRD)
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Hinh 2. Gian d6 XRD clia vét liéu PU va sol silica/PU

(a) PU ban dau; (b) sol silica/PU-L; (c) sol silica/PU-3;
(d) sol silica/PU-5; (e) sol silica/PU-7
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Gian dd XRD hinh 2 cho thdy, mau PU ban dau xuat hién
peak & 26 = 19,8° tvong (*ng v&i d = 0,47nm, dac treng cho
céu tric tinh thé nho va s sdp xép mot phan céc phan
doan chui PU [11]. K&t qua XRD vat liéu sol silica/PU khdng
thay su xudt hién peak & 26 ~ 19°, diéu nay dugc gidi thich
bdi vat liéu sol silica da phu va che 18p bé mit mau PU. Hon
nita, clu tric pha cda vat liéu sol silica ton tai & dang vo
dinh hinh.

3.3. Két qua pho tan xa tia X (EDX)

Pé x4 dinh thanh phan héa hoc trong mau
polyurethan va vat liéu sol silica, nghién ctu ti€n hanh
phan tich tn xa nang lvgng tia X (EDX).
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Hinh 3. Ph{ tAn xa tia X ctia PU ban du va sol silica/PU

Dva vao bang 1 va hinh 3 ph6 tan xa nang luvgng tia X
cho thay, mau PU c6 thanh phan chii yéu la cac nguyén té
C, N, O (cacbon chiém 23,93% khdéi lwvgng va 16,48%
nguyén t&; oxi chiém 57,47% khoi lvgng va 63,51% nguyén
tl; nito chi€ém 18,61% khdi lugng va 20,02% nguyén ti) cac
thanh phan chinh nay dac trung cho cdu tao hinh thanh
cla mau PU. Sau khi pht 16p sol silica 1én bé mat PU xuéat
hién thém silic. Hon niva, khi tdng s6 lan ph sol silica Ién bé
mat PU thi ham lugng silic tdng dang ké tang tlr 5,26% lén
20,92 va 30,21 sau 1, 5 va 7 lan phu sol silica déng thoi ham
lvgng O, C, N trong thanh phan vat liéu gidm manh.

Bang 1. Thanh phan % khdji Irong clia mau PU va sol silica/PU

Nguyén PU, | Sol N Sol N Sol N Sol
10 silica/PU-1 | silica/PU-3 | silica/PU-5 |silica/PU-7
0 57,47 50,91 41,95 41,61 52,47
C 23,93 23,64 33,58 16,93 10,85
N 18,61 20,07 14,54 20,54 6,47
Si 0 5,26 9,93 20,92 30,21
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3.4.Phan tich nhiét (TGA)

Cac phép do TGA da dugc thuc hién dé danh gia dé én
dinh nhiét cua vat liéu PU va sol silica duoc thé hién & hinh 4.

Gian do TGA vat liéu PU va sol silica hinh 4 cho thay tat
cac mau xuét hién céc giai doan giam khai luvgng mau. Giai
doan dau tir nhiét dé phong dén 150°C la do su bay hoi hoi
nuéc va sy hdéa hoi clia dung moi. Giai doan thi hai tir 250 -
600°C duwoc quy cho sv phan hay polymer, do su pha v& lién
két carbon-carbon gitta cac lién két lignin hoéa léng va
urethane (sv phan hdy céc lién két urethane voi viéc loai bd
carbon dioxide). &' khoang 600°C trén duwong cong, khoi
lvgng con lai la phan khéi lvgng clia hat nano silica vi su
phan hay va bay hoi ctia PU & giai doan 250 - 600°C. Mau ban
dau trong lvong mau mét 93%, trong khi d6 mau sol silca/PU
v6i 1, 3,5,7 lan pht thi trong lugng mat di lan lwgt la 67%,
65%, 47% va 30%. Cuong do peak & 532 - 538°C clia cac mau
sol silica/PU gidm, cho thdy phan (ng chay tda nhiét bi
khong ché. Nhuw vay, khi tang s6 lan phu 16p sol silica I1én bé
mat PU thi ham lwgng silica phtl 1én cang cao, khéi lvgng
maét di do phan hly nhiét, chay giam han [13, 14].
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Hinh 4. Gian d6 TGA vé dd 6n dinh nhiét clia vat liéu PU va sol silica
3.5. Hién vi dién t&r quét (SEM)

Hinh thai hoc vat liéu sol silica/PU duoc thé hién & hinh 5.
A, A =3 » ‘@
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Hinh 5. Anh SEM vat liéu sol silica/PU
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Anh SEM vat liéu sol silica/PU cho thay cac hat sol silica
duoc lap day trén bé mat PU. Céc hat silica c6 dang hinh
cau, phan bd tuong déi déng déu, co kich thwéc 30 - 40nm.
Dé y réng sol silica c6 kich thudc hat nhé c& 3 - 4nm, sy
hinh thanh hat nano silica kich thuwéc 30 - 40nm la do suw co
cum céc hat nano silica trén bé mat PU.

3.6. Két qua phan tich UL-94 va chi s6 oxy gi¢i han LOI
Bang 2. Két qua phan tich UL-94 va chi s6 oxy gidi han LOI

Mau UL- 94 LOI (%)
PU ban dau V-2 19,0
Sol silica/PU-1 V-1 19,7
Sol silica/PU-3 V-0 37
Sol silica/PU-5 V-0 285
Sol silica/PU-7 V-0 310

Bang 2 két qua phan tich LOI cho thdy mau PU c6 chi s6
LOI dat 19% va thr nghiém dét doc - ngang UL-94 thi t6c
dd chay rat nhanh va chay hoan toan. Sau khi pht 16p sol
silica 1én bé maét PU chi s6 chéng chay LOI tdng tir 19,0%
Ién 31% sau 7 lan pha sol silica va gia tri UL-94 tang tir V2
Ién V-0. Nhu vay, khi tang s6 lan pha I6p sol silica 1én bé
mat PU thi cac tri s6 UL-94 va LOI déu tang. biéu nay duoc
giai thich béi sy 1ap day, che phu cla cac chat chéng chay
nano silica & gan Ié¢p bé mat PU hinh thanh 16p bao vé cach
nhiét (rc ché sw chay clia PU x6p khi ti€p xuc véi ngon Ira
3.7.Tinh chatco ly ctia vat liéu

Tinh chét co ly ctia mau PU va vat liéu Sol silica/PU dwoc
thé hién & bang 3

Bang 3. D9 bén co Iy clia vat liéu PU va Sol silica/PU

Ténmau Kéodirt (MPa) | Vadap (K¥m?) | Nén(N/m?
PUbd 0,28 0,278 4,20
Sol silica/PU-1 0,30 0,277 1,94
Sol silica/PU-3 0,38 0,250 1,27
Sol silica/PU-5 0,35 0,145 1,09
Sol silica/PU-7 0,31 0,128 0,98

D0 bén kéo clia vat liéu sol silica/PU tang dang ke so véi
mau PU. Sy ting cudng do bén kéo va do bén va dap c6 thé
ly giai la do sy hién dién cla cac hat nano silica can tré
chuyén dong phan doan ctia chudi PU théng qua céc lién
két silicon-oxy gilta cac hat nano silica va ma tran PU [12].
Diéu nay ciing dwgc giai thich cho dd bén nén gidm cula vat
liéu PU pht nano ssilica.

4. KET LUAN

Tir két qua thu dwgc, mot s6 két luan cé thé rat ra mot
s0 két luan nhu sau: B4 tong hop thanh céng dung dich sol
silica tr nguodn thay tinh 16ng; Pa ché tao thanh céng vat
lieu PU pht nano silica véi voi kich thuéc hat 30 - 40nm
bang phuong phap trao déi ion va dd phan tan cao; Vat liéu
PU ph nano silica dan dén hiéu qua la tang do bén nhiét
va kha& nang chéng chay. That vay, chi s6 LOI tang ttr 19,0%
Ién 31% va phan loai UL-94 tang tir V-2 1én V-0; Ngoai ra
tinh chét co ly nhu d6 bén kéo duit, dd bén va dap cling
duogc cai thién. K&t qua nay mé ra trién vong (ng dung ché
tao vat liéu polyme chiu nhiét va kha nang chéng chay cao.
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