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Kha ning chong chay cua polyurethane
x0p duoc tong hop tir PET phé thai voi su

hién dién cta phu gia chong chay

aluminum hydrogen phosphonate

Pham Tran Thi Ai Tram, Hoang Thi Dong Quy

Tém tit—Tong hop polyurethane xop (PUf) tir san
phim glycol gidi PET phé thai da dwgc nghién ctru.
Véi mong mudn ning cao tinh chét chéng chay, kha
ning chiu nhiét, va dap @ng dwoc yéu cu ciing nhu
pham vi ung dung cua vat liéu, aluminum hydrogen
phosphonate (AHP) dwgc tong hop va ing dung 1am
phu gia chéng chay trén nén PUf. Két qua kiém tra
kha niing chéng chiy bing phwong phap UL-94 cho
thiy véi s hién dién ciia phu gia chdng chay AHP da
cii thién dang ké kha ning chong chay cia vt liéu;
cu thé UL-94HB dat chuin véi van téc chiy giam
dan khi ting ham lwgng AHP va UL-94V dat chuén
V-1 v6i ham lwgng AHP thém vao 10-15 phr. Bén
canh d6, mét s6 tinh chit khic nhw dd xdp, ty trong,
dd hip thu nuéc, va kha ning diéu hoa do 4m ciing
dugc khéo sat.

Tir khéa—phu gia chong chay phi halogen, PU
x0p, PET phé thai, phu gia chong chay phosphorus,
AHP

1 GIOI THIEU

oly(ethylene terephthalate) (PET) 1a mot trong

nhitng polymer duoc st dung nhiéu nhat, sau
khi str dung c6 thé tai ché dé tong hop cac loai vat
li€u polymer nhu polyurethane xép (PUf) [1] va
polyester bat bio hoa (UP). Viéc tan dung ngudn
PET phé thai dé tai ché tao polyol nham thay thé
ngudn polyol tir hoa dau trong viée tong hop PUF
ciing dugc kha nhiéu nha khoa hoc quan tam. PUf
hién 1a vét liéu tiém ning co kha niang chdng va
dap va chiu mai mon tt, vat liéu cach nhiét, cach
am... Do ciing 1a 1y do tai sao PUf d va dang dan
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thay thé cac vat liéu truyén thong. Tuy nhién,
bén canh nhitng uu diém trén, PUT 1a vat lidu co
kha ning bit chdy cao, co chi sb oxy téi han
(LOI) twong ddi thap, khoang 16—18% [2].

DPé mo rong pham vi tng dung, bao dam kha
ning chéng chay cua PUf ciing nhu gép phan
bao vé moi trudng va an toan cho nguoi st dung,
viéc thém vao phu gia chdéng chay trong qua
trinh gia cong vat liéu 1a rat can thiét. Hop chat
chdng chiy halogen thuong dugc s dung do
hiéu qua chdng chay cao [3, 4], tuy nhién, chung
thuong sinh ra cac san pham doc hai trong qua
trinh chay nén hién nay da bi han ché st dung va
cac nha nghién ciru da s dung phu gia chdng
chay than thién véi méi truong thay thé cac hop
chat phyu gia chdng chay halogen. Trong nghién
ctru ndy, chung toi tién hanh téng hop va khao
sat kha nang chong chay cua PUf khi c6 mit cua
phu gia chdng chay aluminum hydrogen
phosphonate (AHP).

2 VAT LIEU VA PHUONG PHAP
Nguyén vit li€u

Hoa chat dugc st dung bao gdm aluminum
nitrate nonahydrate (Al(NO3);.9H,0), ethylene
glycol (EG), k€m acetate dihydrate (Zn(Ac),),
natri hydroxide (NaOH) c6 xuit xt tir Trung
Qudc, dau Silicone (Viét Nam), methylene
diphenyl diisocyanate (MDI, ham lwgng NCO
31,0%; d6 nhot 210mPa.s, ty trong 1,23kg/m® &
25°C) san xuat & Pirc.



TAP CHIi PHAT TRIEN KHOA HQC & CONG NGHE:

89

CHUYEN SAN KHOA HQC TU NHIEN, TAP 2, SO 2, 2018

Toéng hop chit chong chay aluminum hydrogen
phosphonate (AHP)

Hoa tan AI(NO3)3.9H,0 vao nudc va cho vao
binh cau, khudy dén khi dung dich trong sudt. Cho
tu tr dung dich H3PO3/NaOH vao binh phan ung.
Phan tng dién ra trong 12h ¢ 90°C, két tua thu
dugc rira nhidu 1an véi nude, dem loc thu san phém
rén, va siy & 80°C dén khdi lwong khong doi.

Quy trinh glycol giai PET phé thii véi Ethylene
glycol

Cho hdn hop PET phé thai, EG, Zn(Ac), vao
binh cau thiy tinh ba ¢d day tron gan voi mot nhiét
ké, mot may khudy co, va mot van xa khi. Cac
phan ung glycol giai xay ra & khoang nhiét do
196-200°C trong mdi truong khi N, trong 4 gio.
San pham thu duoc hoa tan vao nudc néng va loc
néng bang phéu Buchner. Dung dich qua loc dé
lanh thu duogc bis(2-hydroxyethyl terephthalate)
(BHET) két tinh, rira lai nhiéu lan véi nuée lanh,
sdy kho san pham dén khéi luong khong doi.

Tao miu PUf/AHP

Pun néng hén hop BHET, silicone oil, nuéc
thanh dung dich 16ng, tiép tuc cho chit chéng chay
AHP vio va khudy so b tao hon hop dong nhit.
Cudi cting cho MDI vao, khuéy co hoc va ngay lap
c6 kich thudc
150x150x50mm?, qua trinh phan g dién ra trong
vai phuat. Sau d6 mau duoc giit trong ti sdy & 60°C
trong 24 gio.

tac cho vao khuon dong

Thiét bi va phwong phap phén tich

Phé hong ngoai (FTIR) thu dwoc tir may
FT/IR-6600 type A, Truong Pai hoc Khoa hoc Tu
nhién, PHQG-HCM. Miu duoc do truyén qua
bang cach ép vién KBr, st dung dé dinh danh
nhom chirc cua vat liéu.

Kiém tra kha ning chdng chay cua vét lidu véi
phuong phap Underwriters Laboratories Tests UL-
94V va UL-94HB. Mau dugc cit theo chuan
ASTM D 3801-96 va ASTM 635-98 lan lugt véi
kich thuéc mdi thanh 127x13x10mm* va
125x13x10mm’® tuong Ung véi kiém tra bing
phuong phap UL-94V va UL-94HB.

CAu trac 15 Xép cua mau vat liéu PUf duogc
quan sat bang kinh hién vi quang hoc trén thiét b
XSZ — 107T, xuét xt tir Trung Qudc.

: Pa’y 2p—PaPre/Pa
e e 1
°E L (I:'I-'] Pe—Pa ( )
eg = (100 — —:1 x 100 )

V6i pa= 1,29kg/m? 1a trong lugng riéng cua
khong khi, pp= 1200 kg/m? 14 trong luwong riéng
cta xOp PU (gia tri gia thiét theo bai bao [5]) va
pp 1a ty trong khdi x6p PU. Vi diu, Viau twong
g véi thé tich ban dau trude khi nén va sau khi
nén.

Ty trong ciia mau duoc xac dinh theo tiéu
chuan EN 323. Tién hanh cat miu c6 kich thudc
30x30x30mm® (do chinh x4c kich thudc bing
thudc kep) va can khdi luong m bang can phan
tich. Ty trong dugc tinh toan theo cong thie (3):

™

p= * 100 3)

axbxc

Khao sat d6 hap thu nuéc: chuin bi ba mau
thir cho mdi vat liéu v6i phuong phap khao sat
theo tiéu chuan EN317 va tién hanh cit mau
thanh khdi hop vudng canh 25+1mm, cho vao
nude cat dé & nhiét d6 phong. Sau 24 gid mau
duoc léy ra kiém tra khdi Iwong, khao sat lién tuc
trong 96 gio. PO hip thu nudc duoc tinh theo
cong thurc (4):

W = % % 100 (4)

V6i my, my lan luot twong Gng voi khdi
lugng mau trude va sau khi cho vao nudc.

Khéo sat ¢ hut am va giai hap toi da cua
mau PU: cit mau thanh nhitng thanh nho c6 kich
thuéc 50x20x10mm?’. Mau cho vao méi trudng
d6 4am 80%RH va ghi nhan sy thay d6i khdi
luong cua mau dén khong dbi. Sau d6 chuyén
sang moi truong d6 Am 50%RH va cAn mau ghi
nhén sy thay ddi khdi luong (twong tu trong moi
truong d6 am 80%RH).

Do hat 4m trong mdi truong 80%RH va 50
%RH lan lugt dugc tinh theo cong thic (5) va
(6):

Ma- M,
ki

% DG Am gp., =

x 100 (5)
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%Dgam g 1’.=% = .00 (6)

Véi My, M> lan luot 1a khéi lugng mau can
dugce & dd Am 80%RH va 50%RH.

3 KET QUA VA BIEN LUAN

Khio sat ham lwgng tic chit tdi wu tong hop
Puf
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Chét hoat dong bé mat 1a mot trong nhiing
yéu t6 quan trong anh hudong dén ciu tric xop
cta vat lidu, gop phan lam phan tng 6n dinh,
hinh thanh céu trac x6p va mang ludi polymer
[6]. Tién hanh khao sat ham luong silicone lan
lwgt 2—3phr theo BHET, ham lugng MDI va
nude duge giit nguyén, lan lugt 1a 100phr va 3
phr theo BHET, hinh anh mau thu dugc thé hién

0 Hinh 1.

Hinh 1. Hinh dang ctia cdc miu PUf v6i ham lugng silicone: A) 3 phr; B) 2 phr

Quan sat Hinh 1A va Hinh 1B, hinh dang
bén ngoai va bén trong clia cic mau PUf v4i ham
luong chét hoat dong bé mit 1an luot 1a 3phrva 2
phr theo BHET. Khi thém chét hoat dong bé mit
c6 suc cang bé mat thép vao h¢, co tac dung lam
giam strc cing bé mit ciia hé va 16 xbp trd nén
ddng déu hon. Tuy nhién, v6i ham luong silicone
3phr so v6i BHET, c6 thé thdy ring, mau PUf co
kich thudc 15 x6p 16n hon va khong ddng déu so
v6i mau st dung 2phr silicone.

Téng hop miu PUf

Tién hanh tong hop vat licu PUf véi ham
lwong silicone, nudc cét 1an luot 14 2, va 3 phr so
v6i BHET véi thoi gian khudy 35s. Két qua phan
tich phd hdng ngoai (FT-IR) cua PUT tir Hinh 2
cho cac nhom chie dic trung bao gdm: dao dong
kéo dan cuia N-H & budc song 3380cm™, dao
dong kéo dan C=0O ctia nhom urethane & budc
song 1722cm’!, dao dong kéo dan C—C cta vong
thom, vong isocyanate & dao dong 1600;
1411cm™, dao dong kéo din C-O & budc song
1263 va 1221cm’™..

PU{
)
=
]
s
p=
%
-
T L] T
4000 3500 3000 2500

W avenumber (cm”

L] T
1500 1000

L

T
2000 500

Hinh 2. Phd FT-IR cua PUf
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Khio sat tinh chit chong chay

Két qua khao sat kha ning chdng chay cua
PUf va PUFAHP duoc thé hién trong Bang 1 va
Hinh 3.

Bang 1. Két qua kiém tra kha ning khang chay UL94 V va

UL94 HB
UL9%4 V
x Thai gian chay UL94
Mau ©) Két qua HB
Lian1 Lén2
PUf 21 0 Khéng dat Pat
Khoéng dat
PUf/AHP,, 16 0 (chay dén gia Dat
gilt mau)
PUf/AHP;s 12 0 V-1 bat

Quan sat Bang 1 va Hinh 3, ¢6 thé thay miu
PUf chay vuot qua vach 25 mm, chdy nhiéu hon
so voi 2 miu PUf/AHP con lai. Cac mau
PU{/AHP véi ham luong AHP cang ting c6 quang
dudng chay ngin hon.

Tuong tu phuong phap kiém tra UL-94HB
duoc 1an luot tién hanh kiém tra kha nang khang
chay cua cac mau theo phuong phap kiém tra UL-
94V. C6 thé thdy, khi ting ham lugng phu gia
chéng chay AHP, thoi gian chay lan 1 cua céc
mau cang giam. Bén canh d0, cac hién twgng nho
giot hay chay dén gia giit mau ciing dugc cai thién
khi st dung ham luong AHP 15phr so v6i BHET
va dat chuin V-1.

Hinh 3. Hinh anh kiém tra UL-94HB (trdi) va UL-94V (phai) ctia a) PUE; b) PUF/AHP o; ¢) PUF/AHP s

Py xOp va ty trong cha vat ligu PUf va
PUf/AHP

Ty trong va do xdp 1a mot trong nhirng yéu
td quan trong, kiém soat cac tinh chét nhiét, tinh
chat co 1y, hinh thai hoc, kha nang hip thu nudc,
tinh dan nhiét, va c6 sy anh hudng nhiéu nhat khi
thay d6i mot trong céc tic nhan nhu tac nhan tao
x6p, thoi gian khudy, ti 1& gitra polyol va MDI...
[71.

Bang 2. Gi4 tri ty trong va do xép ciia PUf, PUf/AHP,

va PUf/AHP;s.
Miu ];igt/r:::)g Pj xbp (%)
PUf 111 Zg,g(’;?z)
PU/AHP,, 99 _
PUf/AHP,s 97 2§,il<’fz>

S6 liéu cua Bang 2 cho thdy, khi ting ham
luong chéat chéng chiay AHP, ty trong cia cic
mau cd xu huéng giam, cu thé giam lan lugt 111;
99; 97kg/m’ khi ting dan ham luong AHP tir 0;
10; 15phr AHP. Bén canh gia tri ty trong, do xép
cia cac mau PUf va PUf/AHPs (miu c6 kha
ning khang chay t6i wu) ciing dugc tinh toan.
Dua vao két qua cho thdy, khi ting ham luong
phu gia chéng chay, gi4 tri d6 xdp co xu hudng
tang.

Hinh dang va kich thuéc 15 xop

Pé quan sat duoc hinh dang cau trac 15 x6p
cac mau PUf va PUf/AHP;s, cic mau duoc chup
dudi kinh hién vi quang hoc va két qua thé hién
trong Hinh 4.
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Hinh 4. Anh chup kinh hién vi quang hoc (x120) a) PUf; b) PUf/AHP 5

Hinh 4 cho thdy cac miu PUf ¢ ciu truc
xbp dong, 16 xép twong dbi dong déu, khi bd
sung chat chéng chay AHP vao hé, kich thude 15
xOp tré nén 16n hon. Udc luong kich thude trung
binh cta cic miu PUf va PUf/AHP;s lan luot
khoang 350um va 480um.

P hip thu nwéc caa vat liéu PUf va PUf/AHP

Dé xac dinh kha ning hip thu nudc cua cac
mau PUf va PUFAHP. Nhém nghién ctu tién
hanh khao sat do hap thu nudc va két qua thé
hién du¢i Bang 4 va Hinh 5.

Két qua khao sat d6 hap thu nuéc cua PUF
va PUf/AHP;5 cho thiy d¢ hap thu nudc ting khi
stt dung phu gia chéng chay AHP v6i ham luong
15 phr. Cu thé sau 96 gid, d6 hép thu nuée cia
PUf va PUf/AHP;s lan luot 14 63,31 va 71,80%.
Dua vao két qua gia tri do xop cua cac miu PUf
(Bang 3) va hinh anh chyp tir kinh hién vi quang
hoc (Hinh 5), c6 thé thiy, 16 x6p cua cic mau
PUf/AHP;5 c¢6 kich thude 1én hon so v&i mau
PUf. Chinh vi vay, cdc phan tir nudc dé dang xen
13n vao bén trong cdu traic mau RPUFAHP;5 din
dén d6 hap thu nudc cao hon so véi mau PUT.

Bing 4. D6 hp thu nudce (%) ciia mau PUF va PU/AHP 5

i Pj hip thu nuée (%)

a 0gio | 12 gior 24 giv | 36 giv 48 giv | 60giv | 72gid | 84gidv | 96 giv
PUf 0 27,16 | 39,3 51,96 61,01 | 65,16 64,39 63,37 63,31
Sai s6 0 8,63 11,23 13,3 868 | 7,09 4,09 4,72 4,87
PUf/AHP;s | 0 33,87 | 46,16 53,62 63,24 | 68,75 71,87 73,53 76,80
Sai s6 0 487 6,22 12,5 17,05 | 11,87 14,53 15,63 15,5
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Hinh 5. D6 thi thé hién d6 hap thu nude miu PUF va
PUf/AHP;;

Khao sat kha ning diéu hoa do Am

Tinh chét cach nhiét 1a mot trong nhitng tinh
chit cia PU dugc ung dung rong rdi. Két qua
thyc nghiém thé hién & Bang 5 va Hinh 6, cho
thy, kha ning hap thu va giai hap thu 46 4m cua
mau PUf/AHP;s ¢6 xu hudng cao hon so védi
mau PUf. Sau 7 ngay dau tién, phan trim hap thu
d6 4m cac mau PUf va PUf/AHP;s lan luot la
1,78 va 4,76. Tir ngay 8 dén ngay 12, d6 4m cac
mau PUf va PUf/AHP,s giam dang ké. Sau ngay
dau tién trong moi truong 50%RH, phan trim do
am mau PUf va PUf/AHP;s giam lan lugt 50%
va 80% twong g (so voi phan trim d6 4m ngay
7). Va sau 12 ngay, phan trim d6 4m gan nhu tr&
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hap thu d6 4m va giai hap cao hon so v6i miu
PUT.

vé 0. Vé6i ban chit mau PUf/AHP;s5 ¢6 ty trong
thdp va do x6p cao hon miu PUf nén kha ning

Bing 5. D6 hap thu 4m va giai hip cta vat lisu PUf va PUF/AHP 5

D¢ hip thu méi trrong 80 %RH Do hip thu mdi truomg 50 %RH

Ngay

1 2 3 4 5 6 7 8 9 10 11 12
PUf 1,50 1,60 1,65 1,68 1,71 1,72 1,78 0,89 031 025 0,22 0,25
PUf/AHP;s 240 2,89 345 380 420 474 476 0,92 033 023 0,18 0,25

—a—PUTf
—e—PUfAHP15
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Hinh 6. Do hip thu va giai giai hip tdi da ciia cac mau PUF
va PUf/AHP;s

4 KET LUAN

Tong hop thanh coéng vat liéu PUF tir PET
phé thai, va st dung chit chdng chay AHP, la
chat chéng chay phi halogen va than thién voi
moi truong, gitp céi thién va nang cao kha nang
chéng chay cia vét liéu PUf. Véi ham luong
AHP 15 phr, miu cho két qua dat chuan UL-94
V-1. Vé6i phuwong phap kiém tra kha ning khang
chay UL-94 HB, cac mau PUf va PUFAHP déu
cho két qua dat chuan HB véi van toc chay giam
dan khi ting ham lugng phu gia chéng chay
AHP. Vé6i phuong phap chup anh kinh hién vi
quang hoc, ciu trac 16 xdp hinh cdu véi kich
thudc khoang 350 um va 480 pm tuong ung véi
mau PUf va PUf/AHP;s. D6 hdp thu nude, do
hip thu va giai hdp cua mau PUFAHP;s c6 xu
huéng cao hon so véi cac gia tri cia mau PUT,
tuy nhién sau 12 ngay, phan trim d¢ am cua
PUf/AHP;5 gan nhu quay tro vé gid tri ban dau.

Loi cdm on: Nghién cuu nay dwoc tai tro
béi Pai hoc Quoc gia Thanh phoé Ho Chi Minh
(BPHQG-HCM), md sé 562-2018-18-02.

TAI LIEU THAM KHAO

[11 M. Li, J. Luo, Y. Huang, X. Li, T. Yu, M. Ge, “Recycling
of waste poly(ethylene terephthalate) into flame-retardant

rigid polyurethane foams”, Joural of Applied Polymer
Sciences, vol. 131, pp. 4085740863, 2014.

[2] M. Thirumal, D. Khastgir, G.J. Nando, P.Y. Naik, K.N.
Singha, “Halogen-free Flame Retardant PUF: Effect of
melamine compounds on mechanical, thermal and flame
retardant properties”, Polymer Degradation and Stability,
vol. 95, pp. 1138-1145, 2010.

[3] H.T.D. Quy, N.T.T. Hién, P.T.Th. Linh, “Phy gia chéng
chay phosphor tng dung trén nén nhya polyester bét béo
hoa”, Tap chi Phat trién KH&CN, vol. 18, pp. 145-152,
2015.

[4] D. Hoang, J. Kim, B.N. Jang, “Synthesis and Performance
of cyclic phosphorus-containing fame retardants”,
Polymer Degradation and Stability, vol. 93, pp. 2042—
2047 (2008).

[51 A.S. Guelcher, V. Patel, M.K. Gallagher, S. Connolly,
E.J. Didier, S.J. Doctor, O. Hollinger, “Synthesis and in
vitro biocompatibility of injectable polyurethane foam
scaffolds”, Tissue Engineering, vol. 12, pp. 1247-1259,
2006.

[6] JM. Krupers, F.C. Bartelink, J.M. Henri, M. Martin,
“Formation of rigid polyurethane foams with semi-
fluorinated diblock copolymeric surfactants”, Polymer,
vol. 39, pp. 20492053, 1998.

[7]1 M. Desroches, M. Escouvois, R. Auvergne, S. Caillol, B.
Boutevin, “From vegetable oils to polyurethanes:

synthetic routes to polyols and main industrial products”,
Polymer Reviews, vol. 52, pp. 2-96, 2012.



94 SCIENCE AND TECHNOLOGY DEVELOPMENT JOURNAL-

NATURAL SCIENCES, VOL 2, ISSUE 2, 2018

Fireproof behavior of polyurethane foam

based on waste poly(ethylene

terephthalate) using aluminum hydrogen

phosphonate flame retardant

Pham Tran Thi Ai Tram', Hoang Thi Dong Quy"”*

University of Science, VNUHCM
*Corresponding author: htdquy@hcmus.edu.vn

Received: 28-08-2017; Accepted: 18-07-2018; Published: 30-8-2018

Abstract—Poly(ethylene terephthalate) is a
widely used polymer in the blow molding bottles,
electron industry, texiile industry and can be
recycled to synthesize new materials such as
polyurethane foam (PUf) and unsaturated
polyester (UP). One of them, PUf has many
desirable properties such as low thermal
conductivity, low density, excellent dimensional
stability, high strength-to-weight ratio, low
moisture permeability and low water absorption.

However, PUf is a highly flammable material. In
this study, aluminum hydrogen phosphonate
(AHP) was synthesized in order to investigate their
flame retarding performances for PUf. UL-94 V-1
was obtained at 15 phr loading of AHP. The
incorporation of flame retardant increased the fire-
resistant property of PUf. In addition, other
properties such as density, foam structure, and
water and moisture absorption were also
investigated.

Keywords—Waste poly(ethylene terephthalate), AHP, Polyurethane foam, Non-halogen flame retardants,
Phosphorus flame retardants



