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TOM TAT

Nhya melamin ure formaldehyt (MUF) da dwoc nghién ciru ché tao va img dung trong ché
tao vit liéu compozit chong chay. Piéu kién ché tao nhwa MUF da dwoc khdo sat thong qua viéc
thay doi ty 1é ham lwong cdc chdt tham gia phan vmg tong hop va danh gid bang cdc dic trung
nhuw do nhot, ham lwong formaldehyt tu do, thoi gian bdao quan. Khi st dung nguyén liéu voi ty I¢
khoi lwong F/(U+M)=1,5, UM=1,5 thu dwgc nhwa MUF ¢6 dg nhét va thoi gian bao quan phi
hop, ham lwong formaldehyt thap. Vit liéu compozit ché tao tir nhwa MUF, xép PS va cdc phu
gia cho dj bén kéo dirt dat 2,3 Mpa, khoi lwong riéng 0,95 glcm®, dé tricong né sau ngdm nwée
24 gio la 1,8%, chi s6 oxi gidi han dat 28, dap iimg cdc yéu cau cho vat liéu chong chay trong
cong trinh xdy dung.

Tir khoa: Nhya Ure formaldehyt; Melamin; Xép PS; Compozit chdng chay.
1. MO PAU

Xbp polystyrene (PS) 1a loai vat liéu cach 4m, cach nhiét dang ing dung rong réi trong cac
cong trinh dan dung. Tam xbp PS c6 hé s6 dan nhiét va tinh hut am thdp, d6 bén co Iy va moi
truong cao. Ngoai ra, do c6 hé s6 gidn nd nhiét rat thap nén ching c6 do on dinh kich thudc cao
trong pham vi nhiét d6 tir -10 °C dén 60 °C [1]. Cac tim panel x6p PS c6 khdi lugng riéng nho,
d& gia cong, van chuyén va thi cong dang duoc phat trién dé thay thé vat lidu truyén thong, dic
biét trong linh vuc xay dung nha lap ghép nhanh [2, 3].

Ban chét cua xop PS 1a hydrocacbon d& chay, sy nhiét phan ctua vong benzen cia phan tir
khién luong khoi san sinh trong qué trinh chay cta x6p PS 1a rit 16n. Cac khe hep giita cac hat
x6p kin tao thanh dudng luu thong khong khi, 1am ting téc do chay cua tdm x6p. Nhiéu cong
trinh nghién ctru da str dung cac loai phu gia nhim ting tinh chdng chay cua xp PS [4, 5]. Tuy
nhién, st dung mot lugng 16n phy gia khong nhiing ting chi phi san xuit ma con lam ting déng
ké khdi luong tAm panel, 1am mat di tinh wu viét ciia xSp PS so véi cac loai vat liéu khac [5].

Keo ureformaldehyt dugc (UF) st dung rong rai trong nganh cong nghiép ché tao van gb
cong nghiép va céac loai tAm compozit ing dung trong nganh xiy dung va noi that. Tuy nhién,
ham lugng formaldehyt tu do trong keo UF dugc cho la c6 hai cho méi truong va stre khde nguoi
dung [1, 3]. Nhiéu nghién ctru da sir dung cc chit phy gia va tac nhan bat formaldehyt tu do
trong keo UF, di lam giam dang ké ham luong formaldehyt tur do. Trong d6, melamin la tac nhan
bat formaldehyt ty do hiéu qua, vira c6 tac dung lam ting d6 bén co 1y, bén nudc va chdng chay
cho keo UF [6, 7].

Tuy nhién, chua c6 nhiéu nghién ctru str dung keo MUF két hop v6i xdp PS dé ché tao vat
liéu chéng chay [5]. Trong nghién ctru ndy, nhya MUF duoc ché tao va sur dung lam chat két
dinh cho x&p PS, két hop cac phu gia chdng chay dé ché tao tAm compozit c6 d6 bén co hoc, moi
truong cao, kha ning chdng chay tét img dung cho nganh cong nghiép xay dung.
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2. PHUONG PHAP NGHIEN CUU
2.1. Héa chat, nguyén ligu

- Ure, formaldehyt 37%, melamin, natri hydroxit, axit axetic, nhom hydroxit , amoni
polyphotphat, tetraerylthritol, CaCOs, SiO,, axit photphoric, hexamethylentetramin, xop PS. Cac
hoa chat ké trén déu 1a hoa chat tinh khiét, xuat xt Trung Qudc va Viét Nam.

2.2. Phuwong phap nghién ciru
2.2.1. Phurong phdp ché tao nhya ure formaldehyt bién tinh melamin (MUF)

Cho mét lugng ure va formaldehyt theo ty 1€ nhét dinh vao binh phan (g ba cb gan sin sinh
han, may khudy, bép gia nhiét. Str dung dung dich NaOH 10% diéu chinh pH hon hop 1a 8.5, gia
nhiét dén 90 °C phan tng trong 1 gid. Trong mdi truong bazo, formaldehyt va ure xay ra phan
ung trung hop tao thanh hydroxylmethylure va dihydroxyl methyl ure [8].

Diéu chinh nhigt do hdn hop vé 65 °C, diing axit fomic diéu chinh pH = 5, tiép tuc phan img
thém 120 phut. Piéu chinh pH hon hop thanh 8,5’b§1ng dung digh NaOH 10%, tang nhiét d hon
hop lén 85 ?C. Cho tur tir mét lwong melamin nhat dinh vao, tiép tuc phan (mg. Trong qua trinh
phan ng, lay mau bang pipet va nho giotﬂ vao coc nudc lanh, khi ndo xuat hién dang giot nhya
tron thi dung phan mg, lam ngudi san phdm va rét vao binh chira kin khi. Trong giai doan nay,
melamin phan ung v6i formaldehyt hodc nhua UF d¢ tao thanh nhua MUF.

Cac mau nhya MUF duoc ché tao voi ty 1€ gitra formaldehyt, ure va melamin khac nhau
(bang 1).

Bing 1. Ty 1é khoi lwong nguyén liéu ché tao nhira MUF.

Tén mau Ty 1é mol F/(U+M) Ty 1¢ mol UM
MUF 01 1,8 2,0
MUF 02 1,8 1,5
MUF 03 1,8 1,0
MUF 04 1,5 2,0
MUF 05 1,5 1,5
MUF 06 1,5 1,0

2.2.2. Phuong phap xdc dinh ham lwong formaldehyt tw do

Ham lugng formaldehyt tu do trong keo duoc xéc dinh bang phuong phép sulfit. Formaldehyt
tu do phan mg véi natri sulfit du dé tao thanh hydroxymethan sulfonat. Lwong natri sulfit du va
hydroxymethan sulfonat duoc chuin dé bang dung dich iod, tir d6 tinh toan dwoc ham luong
formaldehyt ty do.

CH,0 + Na,SO, + H,0 —#=*2%* ,HOCH,-SO,Na + NaOH
ROCH,OH + Na,SO, + H,0 —#*=22%4_, HOCH,-SO,Na + ROH + NaOH
Na,SO, + I, + H,0—"=%% 3 Na,SO, + 2HI

Cho mét luong m (khoang 1 g) nhya MUF vao qéc thuy tinh 250 mL, cho thém dé va nudc
sao cho thé tich dung dich dat 150 mL, khudy déu bang may khuay tir, di€u chinh pH dung dich
keo bang Na,CO; (100 g/L) dén pH = 9,3. Cho tir tir 2 mL dung dich natri sulfit (1 mol/L) vao va
khuay déu trong 15 phut.

Diéu chinh pH hon hop bang acid acetic (1 mol/L) yé pH=4,5, cho 50 mg tinh bdt vao va
khudy déu. Chuén d¢ bang dung dich iod 0,05 mol/L dén khi hon hop chuyén sang mau xanh
xam va on dinh it nhat 10 gidy. Luong dung dich iod st dung d€ chuan d§ 1a V.

Ham lugng formaldehyt tu do, dugc tinh bang cong thirc:
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2.2.3. Phuong phdp ché tao Vat liéu compozit chong chdy

Tron nhya MUF véi cac phu ’gia khac, gém nhom hydroxit, amoni polyphotphat,
tetraerylthritol, bot CaCOs, SiO, va x0p PS theo cac ty 1€ khic nhau. Hon hop keo, phu gia va
x6p PS duoc dong ran & nhiét do thuong, ap sudt ép 0,2 Mpa, chat déng rin 1 dung dich axit
photphoric 20% voi ty 1€ khdi lugng 1/10 so voi keo UMF. Mau vt liéu compozit sau dong ran
duoc dé 6n dinh ¢ nhiét 46 phong trong 48 gio va tién hanh do dic tinh co Iy nhu do bén kéo dit,
d6 treong nd thé tich khi ngdm nude va chi sb oxi gidi han.

2.2.4. Phuong phap xac dinh ddc trung vat liéu

Do bén kéo dirt cia mau vt liéu duge xac dinh theo TCVN ASTM D3039 béng may kéo van
nang, Vién Héa hoc -Vat liéu/Vién KH-CN quan su.

Do truong nd thé tich vat liéu sau ngdm trong nudc sau 24 gio duoc xac dinh theo TCVN
9847:2013.

Chi sb oxi gi¢i han Limitting Oxygen Index (LOI) ciia mau vat liéu duoc xac dinh theo ISO
4589:1984 tai Trung tim Cong nghé vat liéu/Vién Ung dung Cong nghé/Bo KHCN.

Céu triic nhya MUF ché tao dugc xac dinh bang phuong phép phan tich phd hong ngoai FT-
IR. Tron mot lugng nho nhya MUF véi KBr va ép thanh mang méng. Mang ép dugc do trén thiét
bi FT-IR TENSOR II (Brucker) tai Vién Han 1am KHCN Viét Nam.

) Kha nang bén nhiét cua nhwa MUF duge khao sat bgi,ng phuong phap phan tich nhiét TGA
tien hanh trong moéi truong khi nito, tir 30-550 °C v6i toc d gia nhiét 10 °C/min trén thi€t bi
Labsys Evo tai Vién Han 1am KHCN Viét Nam.

3. KET QUA VA THAO LUAN

3.1. Két qua ché tao nhya ure formaldehyt bién tinh melamin

Theo phuong phap duoc chi ra trong muc 2.2.1, cic mau nhya MUF da duoc ché tao be"mg ty
1¢ mol nguyén liéu khac nhau. Qua trinh phan tng cho thiy, chi c6 mau MUF01, MUF02 va
MUF04, MUF05 ¢6 dang trong sudt, khong chira hat nhua lo ling hoac két tua. Cac mau con lai
cho thay sy két tiia ctia nhya trong san pham sau phan ng. Clng nhan thy rang, khi tding ham
luong melamin phan tmg thi s lugng hat nhya két tiia c6 xu hudng ting. C6 thé do trong qua
trinh phan tng & giai doan ha nhiét va diéu chinh pH, nhiét 46 phan tng di giam xudng thip hon
nhiét 4 nong chay clia melamin va sy phan ing khong hoan toan giira formaldehyt va melamin
khién lwong melamin du va két taa trong binh phéan tng.
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Hinh 1. Phé hong ngoai mau nhwa MUFOS5.
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Céu trac phan tir nhyra MUFO5 ché tao dugc khao sat bang phd hong ngoai (hinh 3.1). Tir
hinh 3.1 cho thiy cac pic hip phu dic trung cho nhya MUF véi pic tai vi tri 1650 cm™ dic trung
dao dong cong hoa tri cia lién két C=0 cua nhom carboxyl, pic tai 2336 cm™ va 2383 cm™ dic
trung cho lién két C-N, tai 1557 cm™ dic trung cho dao dong bién dang lién két N-H. Dao dong
hoa tri lién két C-O-C dugc nhan biét qua pic hap phu tai vi tri 1257 cm™ va 1135 cm™. Pho hong
ngoai miu nhwa twong ddi tring hop véi cac cong bd trude day [5]. Pho hong ngoai di chimg
minh dugc phan ung gitta melamin, ure va formaldehyt da dién ra thuan lgi, nhya MUF d3 dugc
ché tao thanh cong.

3.2. bac trung cia nhya MUF

Anh huong cua ty 1& mol gilra cac nguyén li€u dén dic tinh co Iy cta nhya MUF duogc thé
hién thong qua céc chi tiéu vé do nhét, ham lwong formaldehyt tu do, ham rin va thoi gian déng
ran nhua. Két qua khao sat dugc trinh bay cy thé trén hinh 2.
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Hinh 2. Anh hwéng ciia ty 1é ure/melamin dén ham rdn (a), ham heong formaldehyt tie do (b),
do nhot (c) va thoi gian bao quan cua nhya MUF (d).

Két qua trén hinh 2 cho thay, cic mau co ty 1& F/(U+M)=1,8 c6 d6 nhdt, ham rin cao, ham
luong formaldehyt ty do thap hon va thoi gian bao quan dai hon so voi mau F/(U+M)=1,5. Diéu
nay cho thay viéc diéu chinh ty 1& phan tng giira formaldehyt v6i ure va melamin anh hudng 16n
dén dic tinh nhua MUF. Ty 1€ F/(U+M) nhd, tirc 1a lugng ure va melamin st dung 16n dam bao
qué trinh phan tng ctia formaldehyt dién ra triét && hon nén ham luong formaldehyt tu do thap
hon; qua trinh da tu dién ra manh hon khién khoi lugng phan tir nhgwa MUF cao hon.

Khi giam ty 1& U/M tir 2:1 xubng 1:1 thi d6 nhét va ham kho cua cac mau nhya ¢ xu hudng
ting con ham luong formaldehyt tw do giam dan. Melamin c6 cdu truc vong chira t6i 6 nhom
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hoat dong nén cé hoat tinh manh hon nhiéu so véi ure. Phan tmg giita melamin va formaldehyt
duoc cho 1a ¢6 tdc do nhanh hon, triét dé hon so véi ure. Khi gia ting ham lugng melamin st
dung c6 thé 1am tang toc d¢ ciia phan ng da tu khién khdi lwong phan tir ctia nhya ting lam ting
d6 nhét MUF. Tdc d6 phan tmg cting ham lugng melamin ting gitp formaldehyt dugc phan g
triét dé hon nén da giam lugng formaldehyt tw do mét cach hi¢u qua.

Céc mau nhya MUF véi ty 1¢ nguyén liéu ché tao khac nhau ciing c6 thoi gian bao quan khac
nhau. V&i mau MUFOI c¢6 thoi gian bao quan 1a 16 ngay méi gel hoa, con mau MUFO06 chi 1a 7
ngay. Cac dac trung cua 06 méau nhua MUF ché tao 1a can ctr lya chon phuong an ché tao tbi vu.
Nhan thay, mdu MUFO05 c6 ham lugng formaldehyt kha thap, thoi gian bio quan 11 ngay, ham
luong formaldehyt tw do 0,18%, d6 nhét vira phai dap mg cc yéu cau vé ché tao va tmg dung.
Vi vay, mau MUFO05 dugc sir dung dé ché tao va khao sat dic tinh co ly cua tam vat liéu
compozit.

3.3. P bén nhiét ciia nhya MUF

Gian d6 phan tich nhiét TGA dugc st dung dé khao sat dic tinh phan huy nhiét cua mau nhua

MUFO5. Két qua duoc trinh bay nhu trén hinh 3.
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Hinh 3. Gidn dé phan tich nhiét ciia nhwa MUF.

Tir gian d6 nhiét hinh 3 cho thdy, qua trinh phan hity nhiét ciia nhira MUF04 ¢6 thé chia thanh
4 giai doan:

Giai doan 1: tir nhiét d9 phong dén 284 °C, nhya MUF mat 28,2% khdi lugng, d6 1a do sy bay
hoi ctia hoi nudc va cac chat chua phan ing trong nhya nhu formaldehyt tu do phan hiy tao thanh.

~ Giai doan 2: tir 284 - 340 °C, day la giai doan xdy ra hau hét sy dirt gdy va phan hity cAc lién
ket trong nhya khién khoi lugng nhya sut giam 43%.

Giai doan 3: tir 340 - 405 °C, nhwa chi mit 7% khdi lwong. Giai doan nay xay ra su phan hity
cua cua lién ket ete, vong melamin trong nhuya.

Giai doan 4: Tur 405 - 550 °C 1a su phan hiy hoan toan va than ho4 ctia nhya.

C6 thé thay, nhwa MUF cho kha nang chju nhiét kha tot, nhya chi bat dau phan hily ¢ nhiét do
trén 280 °C. Diéu nay cho phép nhya MUF dugc sir dung rong rai cho muc dich ché tao vat liéu
chiu nhiét, cach nhiét va chong chay.

3.4. Pic tinh co ly cia vat liéu compozit trén co sé nhya MUF va x6p PS

Anh hudng gﬂa t}’/‘ 1€ nhua MUF va PS dén dic tinh vat liéu compozit dqu khao sat thong
qua céc thong s6 dd bén kéo, khoi luong riéng, d6 truong nd trong nuwdc va chi s6 oxi gidi han.

Két qua khao sat dwoc trinh bay nhu trén hinh 4 va hinh 5.
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Hinh 4. Anh hwéng ciia ty 16 PS/MUF dén dé bén kéo va khoi lwong riéng.

Két qua khao sat cho thdy, anh hudng cua ty 1& khéi luong PS/MUF dén d6 bén co 1y cua vat
liéu compozit la rat rd rang va co quy luat. Khi luong PS ting, do bén kéo, khdi lugng riéng va
chi s6 oxi gidi han giam, ngugc lai, do truong né thé tich sau ngam nudc cua vat liéu c6 xu
huéng tang. Tang luong PS qua cao c6 thé khién lugng keo MUF khong du bao phu hoan toan
hat PS, qué trinh dong ran keo khong dam bao d¢ lién két chat che cta cac 16p keo khién do bén
kéo dut mau vat liéu giam nhanh.

32

T T T T T T
—o— Chi s6 oxi gidi han
~—__ —"—Ddtruong nd sau ngdm nudc

T
n
S

30 Q-

(5]
[=:]
I

L22

[hs]
(=3
1

-20

n
~
1

g
[N]
|

T
=

D6 truang nd thé tich sau ngam nudc (%)

Chi s6 oxi gidi han
b=
1

-
@
I
T
=)

=
(=2
1

F14

14 T T T

T T
0,20 0,25

T§ 16 PSIMUF
Hinh 5. Anh hwéng ciia ty 16 PS/MUF dén d¢ bén nuéce va chong chdy.

Chi s6 oxi gi¢i han xOp PS 1a 17, trong khi ctia nhya MUF ¢6 thé 1én t6i 40. Khi tang lugng
PS s& khién chi s0 oxi gi6i han cua vét liéu compozit giam manh. Nhu vdy, tang ham luong PS
sir dung gitp giam dang ké trong lwong tdm compozit nhung khién d6 bén co 1y, do bén nude va
chéng chdy cua vat liéu giam, anh huong dén kha ning mg dung va do bén sir dung cua vt lidu.
Ty 1& khéi luong PS/MUF la 0,15 la tuong dbi phu hop vé cac chi tiéu co Iy va mdi truong, dap
ung dugc yéu cau vat vat li€u chong chdy dung cho nganh xay dung dan dung.

4. KET LUAN

Nhua ure formaldehyt bién tinh bang melamin dd dwoc ché tao thanh cong bang phan tng
cong hop trong mdi truong bazo va trung ngung trong moi trudong axit.

0,30

Tang ham lugng ure va melamin ¢ thé 1am ting d¢ nhét, giam ham luong formaldehyt tuy do
va thoi gian bao quan cua nhya MUF. Nhya MUF ¢ ty 1€ nguyén liéu F/(M+U) = 1,5 va U/M =
1,5 ¢6 cac dic trung phu hop dung cho ché tao compozit chdng chay.
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Vit li€u compozit cuia nhya MUF va PS da duoc ché tao trén co so dong ran nhya hdn hop

nhua MUF va nhua PS, cac phu gia b:fmg dung dich axit photphoric. Compozit chéng chay ché
tao tir nhya PS va MUF véi ty 1€ ‘kh(")i luong PS/MUF = 0,15 cé chi s6 oxi téi han la 28, do
truong no trong nudc la 1,8%, do bén kéo dut dat 2,3 Mpa.

Loi cdm on: Nhém tac gid trdn trong cam on su tai tro vé Kinh phi ciia dé tai cap B Xay dung cho

nghién ciru nay.
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ABSTRACT

Preparation of modified urea formaldehyde resin using for flame resistant composite material

Urea-melamine-formaldehyde (MUF) resin was synthesised and used as additive for
preparing flame resistant composites. MUF resin synthesis conditions was convestigated
by changing the ratio of raw materials. Some properties of resin such as viscosity, free
formaldehyde content and storage time was investigated. The results of performance test
showed that with F/(U+M) ratio of 1.5 and U/M ratio of 1.5, MUF resin was of low free
formaldehyde content, long storage time and moderate viscosity. Composite materials was
prepared with MUF resin, PS foam and other additives were of tensile strength of 2.3
Mpa, density of 0.95 g/cm?, degree of swelling in seawater of 1.8% and limitting oxygen
index of 28, which was demostrated to be suitable using for fire-resistant panels.

Keywords: Urea formaldehyde; Melamine; PS foam; Flame resistant composite.
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