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Nghién cttu kha niang chéng chay, tinh chat nhiét, va tinh chat héa
ly ctia vat liéu chéng chay polyurethane x6p tu poly(ethylene
terephthalate) phé thai véi su hién dién ctia phu gia chdng chay

phi halogen
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TOM TAT

Bis(2-hydroxyethyl) terephthalate (BHET), Ia sdn phdm ctia qua trinh glycol gii polyethylene tereph-
thalate (PET) phé thai, dugc dung dé t8ng hop polyurethane x&p (B-PUF) va B-PUF chéng chdy vai
su hién dién clia phu gia chdng chay phi halogen aluminum hydrogen phosphonate (AHP). D€
téng hap san pham B-PUF thanh céng tir BHET, cac yéu t6 vé canh khudy va thai gian khudy hiéu
qua da dugc khao sat, cu thé thai gian khudy 35 giay va st dung canh khudy dudng kinh 7,5 cm
da dem dén qua trinh tao xdp tét nhat. AHP véi cac ham luong 20, 25, va 30 php da dugc khao
s4t trong nghién ctiu nay, B-PUF/AHP da dat hiéu quéa chéng chéy tét nhat UL-94 V-0 & ham luong
25 php AHP. Tinh chét nhiét ctia B-PUF dugc cai thién khi thém phu gia chéng chay AHP, théng
qua két qua phan tich nhiét trong luong TGA, ham lugng ran con lai tang tir 23,32 1én 37,37% Vvai
su hién dién 25 php AHP. Ti trong va hinh thai cdu tric x6p cling dugc nghién ciu, ti trong mau
B-PUF va B-PUF/AHP 14n luot 13 122,0 va 90,8 kg/m?3 cho thdy su hién dién clia AHP gitip qué trinh
tao xOp cuia vat lieu tét hon. Viéc st dung san phdm tai ché PET két hop phu gia chéng chay phi
halogen dé t6ng hop vat liéu B-PUF la mot trong nhiing nghién ciu phat trién bén viing dé giam
luong 16n PET phé thai, tao ra dugc vat liéu co kha nang chéng chay tét va ting dang ké tinh chat
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nhiét nham dap Uing yéu cau Uing dung an toan cla cac loai vat liéu polymer.
Tukhoa: PET phé thai, BHET, polyurethane x6p, phu gia chéng chay phi halogen

MG PAU

Polyurethane x6p (PUF) la mét loai polymer thuong
mai rit pho bién trén thé gidi, véi hon 90% 16 x6p c6
cdu trac kin nén c6 kha ning cich nhiét va cach 4m
vugt trdi, tit d6 dugc ting dung nhiéu trong x4y dung
nhu dung lam tdm céch nhiét cho mai nha va vach
tuong, dung trong san phdm gia dung nhu ta dong,
ta lanh, cac thung chita hoa chit va thyc phim, va cac
6ng cach nhiét 2. PUF thuong mai hién nay chii yéu
dugc téng hgp tit polyol c6 ngudn géc hda dau, ngudn
nang lugng nay c6 thé sé can kiét trong tuong lai chinh
vi vay d€ dam bao tinh phat trién bén viing thi viéc st
dung san phdm thay thé sin ph&m polyol thuong mai
14 mot diéu tat yéu. Mot trong s6 d6 c6 thé ké dén viéc
st dung san phdm cta qua trinh glycol giai PET phé
thai.

Poly(ethylene terephthalate) (PET) la mét loai nhua
nhiét déo quan trong dugc st dung rong rai trong
cdc ting dung thuc t€ nhu dét may, bao bi, vét liéu
déng goi, va chai dung nuéc. Tuy nhién, viéc st dung
mot cach chua hgp ly cac loai vét liéu khé hodc khong
phén huy sinh hoc da dan dén sy tich tu l6n lugng

rac thai anh hudng trdm trong dén moi truong, va
PET da trd thanh vat liéu dugc tdi ché nhiéu nhit
trong tit ca céc loai vat liéu polymer ngay nay>. Mot
trong nhiing phuong phap tai ché PET phé thai la
tai ché hoa hoc, day 1a qua trinh chuyén déi PET
thanh monomer/oligomer va cac chét héa hoc khic
thong qua qua trinh glycol gidi toan bd hodc mot phin
phén tt PET béng cic tdc nhan glycol giai nhu ethy-
lene glycol (EG), diethylene glycol, propylene glycol,
poly(ethylene glycol) hodc glycerol. Véitac nhan thay
giai PET la EG thi san phdm glycol gidi chinh thu
dugc 13 bis(2-hydroxyethyl) terephthalate (BHET),
mot nguyén liéu d€ t6ng hgp PET nguyén chit, nhya
polyester khong bao hoa*~°, va polyurethane x5p >/~
(B-PUF). Qua trinh nay c6 thé 1a mot giai phap hiéu
qua va hitu ich d€ gidm lugng 16n rac thai PET dang
c6 ngoai moi trudng va tao ra cac polymer ky thuat
chat lugng cao néi chung cing nhu kha nang thay thé
san phdm hoéa dau trong PUF ndi riéng.

Mot nhugc diém 16n cia PUF va B-PUF la kha ning
chiu nhiét kém va réit dé chdy, khi chdy sé phat sinh
ra nhiéu khi doc hai nhu carbon monoxide, cic san

Trich dan bai bao nay: Minh NHT, Quy HT D, Chi P T. Nghién citu kha nang chéng chay, tinh chat nhiét,
va tinh chat héa ly ciia vat liéu chéng chay polyurethane xdp tir poly(ethylene terephthalate) phé
thai véi su hién dién cia phu gia chéng chay phi halogen. Sci. Tech. Dev. J. - Nat. Sci.; 5(2):1189-1197.
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ph&m phan htty dé bay hai ctia diol va isocyante !°. Do
d6 viéc két hgp st dung phu gia chéng chay (FR) dé
téng hop PUF c6 kha nang chdng chdy t6t 1a rt can
thiét. Trudc day, cic loai FR chiia halogen dugc st
dung rong rai do kha ning chéng chdy chdy hiéu qua
tuy nhién chung rét cé hai cho moéi trusng!!. Nhu
mot hé qua, huéng nghién ciu hién nay cht yéu tap
trung vao hé thong FR phi halogen, trong d6 hgp chit
phosphorus/phosphorus-nitrogen dugc biét dén la c6
hiéu qua cao va la mot su thay thé ddy hia hen cho

céc FR chita halogen'>12,

Phu gia chéng chdy alu-
minum hydrogen phosphonate (AHP), m¢t loai phu
gia chdng chdy phosphorus dugc nghién ciu trong
nhiing ndm gan day, dugc cho 13 hiéu qua chéng chay
tot va it gay doc v6i moi trudng. Tuy nhién, viéc
nghién ctiu tinh chét ctia sin phdm PUF chéng chay
sti dung phu gia chong chay AHP con rat han ché.
Trong mot cong b6 trudc day ', kha ning chéng chay
va tinh chdt héa ly cia B-PUF sti dung AHP da dugc
nghién ctiu, tuy nhién vat liéu B-PUF véi su hién dién
ctia 15 php AHP chua dat tiéu chudn chdng chay t6t
va mot s6 yéu t6 anh hudng dén cu tric cua vit liéu
x0p chua dugc khao sat. Ké thiia nhiing két qua trong
nghién ctiu trudc, viéc t6i vu hda nhim ting kha ning
chéng chay, khao sat tinh chat nhiét, va hinh thdi hoc
cta vét liéu x6p B-PUF st dung phu gia chéng chay
AHP da dugc quan tam nghién ctu.

VAT LIEU VA PHUONG PHAP

Nguyén vat liéu

PET phé thai (dugc 14y tit chai nudc Aquafina sau
st dung) da qua xt ly, EG va kém acetate dihydrate
(Zn(CH3C0O0);.2H;,0) la cac hoa chit dugc sti dung
dé tong hgp BHET dugc cung cép tit cong ty Xilong
- Trung Quéc. Sodium hydroxide (NaOH) va alu-
minum nitrate nonahydrate (Al(NO3)3.9H,0) dugc
cung cép boi cong ty hoa chit Xilong, Trung Quéc, va
axit phosphorous (H3PO3) dugc mua dugc tii cong ty
héa chét Ting Xin, Trung Qudc. Methylene diphenyl
diisocyanate (MDI) dugc cung cdp bdi hang DOW,
Trung Qudc (Voracor CE101; 31,0% NCO, d6 nhét
210 mPa s (25°C) va ti trong 1,23 g/cm3 (25°Q)).
Trong nghién cttu nay BHET va AHP dugc t6ng hgp
dua theo quy trinh ctia cac bai bdo trudc day cta
nhém da thuc hién %14,

Quy trinh téng hop B-PUF ¢6 va khéng cé
phu gia chéng chay

B-PUF dugc tdng hop bing phuong phép d6 khudn
(one-shot technique) v6i ham lugng cac thanh phan
chinh dugc néu trong Bang 1. Quy trinh thuc hién
dugc mo ta nhu trén Hinh 1, d4u tién hén hgp BHET,
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nudc, va du silicone dugc gia nhiét & 112°C trong cdc¢
sit bing bép ti gia nhiét cho dén khi hén hgp chay
long hoan toan. Sau d6 nhanh chéng d6 moét lugng
viia da MDI va AHP vao hén hgp trén, khudy bing
canh khudy sat véi td¢ d6 1000 vong/phut trong 25-
35 gidy, va ludn duy tri nhiét d¢ trén 70°C. Cudi cling
d6 nhanh hén hgp vao khudn sit ¢ kich thuge 150 x
150 x 50 mm?. Sau khi qud trinh n& x6p dién ra hoan
toan, mau dugc git trong th sdy 60°C trong 24 gid.

Cac phuong phap phan tich

Hinh thai khoang x6p dugc quan sat bang kinh hién vi
dién ti quét (FE-SEM, Hitachi S-4800, Tokyo, Japan),
mau dugc phtt mot 16p dan platinum va dién dp gia
toc 1a 1 kV khi phén tich.

Kha nang chong chdy ctia B-PUF va B-PUF/AHP
dugc khao sit thong qua phuong phdp Underwrit-
ers Laboratories Tests (UL-94) theo tiéu chudn ASTM
D 635-98 cho d6t ngang (UL-94HB) va chuin ASTM
D 3801-96 cho d6t doc (UL-94V) véi kich thuéce ctia

mau la 127 x 13 x 10 mm?

, mdi chuén dénh gia st
dung 5 thanh méu.

Tinh chit nhiét cta B-PUF va B-PUF/AHP dugc
khao sat thong qua phuong phép nhiét trong lugng
(TGA) béng thiét bi Q500 Universal V4.5A TA theo
tiéu chuidn ASTM E1131-08 va ISO 11358-2:2005 &
khodng nhiét d¢ tit nhiét do phong dén 800°C va khoi
luong mau trong khoang 5-10 mg véi toc do gia nhiét
10 °C/phat trong méi trudng nitrogen.

Ti trong dugc xdc dinh theo tiéu chuin EN 323. Tién
hanh ghi nhén khéi lugng ctia cdc mau B-PUF va B-
PUF/AHP c6 kich thuéc 50 x 50 x 25 mm?>. Véi m
(kg) 12 khdi lugng va V (m?) 1 thé tich cia miu x&p,
ti trong dugc xdc dinh bing cong thic (1.1).

pP=% (1.1)

Vv

KET QUA VA BIEN LUAN

Khdo sat qua trinh tao mau B-PUF

Trong ki thuat d6 khudn, diéu quan trong chinh Ia tit
ca cac nguyén liéu dugc khudy tron hiéu qué trong
khodng thoi gian thich hgp, ddc biét khi thém MDI
chi dugc phép khudy tron trong thdi gian ngin'. Vi
vay, d€ t6i uu qud trinh tao mau B-PUE thoi gian
khudy tron ti luc cho MDI vao hdn hgp cho dén khi
d6 khuodn va kich thuée canh khudy da dugc khao
sat. Thoi gian khudy dugc khdo sat & hai méc 25 giay
va 35 gidy. Nhu dugc thé hién & Hinh 2a, khi méu
khufy trong thoi gian 25 gidy, kich thu6c 16 x6p khong
dong déu, qua trinh tao x6p chua tét, thanh khoang
x6p day. Do d6, thdi gian khudy dugc ting 1én dé
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112 °C

B-PUF/AHP

1000
vong/phut

Khudn

Hinh 1: Quy trinh tao méu B-PUF va B-PUF/AHP

Bang 1: Cac héa chit can dung dé tao mau B-PUF va B-PUF/AHP

Thanh phan
BHET

MDI

Nudc cit
Silicone

AHP

Ham lugng (php*)
100

100

*php: 1a phan trim theo BHET (g/g)

qua trinh phén tng dién ra hoan toan, khi ting 1én
35 gidy cho thdy B-PUF cho hinh thdi bé mit 16 x8p
min va 16 x6p dong déu hon. Bén canh d6 moét yéu t6
quan trong anh hudng dén qua trinh phéi tron dé la
canh khudy, dic biét khi tao mau B-PUF 6 kich thuéc
16n hon (150 x 150 x 50 mm?). Trong cling théi gian
khudy 35 gi4y canh khufly dudng kinh 4,5 cm cho thdy
B-PUF ¢6 bé mit 16 r6 véi sy xudt hién ctia cac 16 x6p
16n nho khong déu, két qua dugc cai thién hon hén
khi thay déi sang canh khudy dudng kinh 7,0 cm, bé
mat da tré nén min va 16 x8p dong nhéit (Hinh 2b).
Quy trinh tao mau véi thoi gian khudy tron 1a 35 gidy
va sti dung canh khudy c6 dudng kinh 7,0 cm dugce st
dung dé tdng hop cadc mau B-PUF chéng chéy.

Phu gia chong chdy st dung 13 AHP v&i ham lugng
khéo sét tii thdp dén cao cho dén khi mau c6 thé dat
hiéu quéa chdng chdy cao nhit, cu théla dat tiéu chudn

UL-94 HB va UL-94 V-0. Mau chita ham lugng AHP
20 va 25 php cho két qué nhu Hinh 3, v6i bé mat 16
x0p dong déu, tuy nhién khi ting t6i ham lugng 30
php bé mat mau tré nén khong dong déu véi sy xuét
hién ctia nhiéu 16 x6p 16n.

Kha nang chéng chay

Két qua khdo sat kha ning chdng chdy ctia cic mau
B-PUF va B-PUF/AHP thong qua phuong phép UL-
94 dugc thé hién ¢ Bang 2 va Hinh 4. B-PUF khong
dat dugc chudn UL-94V (Hinh 4a), két qua UL-94HB
(Hinh 4b) cho thdy thanh méu bi chdy qua vach
25 mm d4u tién nhung t6c do chay lan thip (39,48
mm/phut) nhé hon 40 mm/phuat do d6 mau dat HB.
V6i su hién dién cta 20 php AHP, mau khong bi chdy
lan qua vach ddu tién va dat két qua HB, mau B-
PUF/AHP, dat chuén va UL-94 V-1, tuy nhién day
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Cinh khuiy
07,0cm

25 gidy

35 giay 35 gidy

Hinh 2: Hinh &nh cdc mau B-PUF khéo sét: a) thai gian khudy khac nhau, sir dung canh khudy duéng kinh 4,5 cm
va b) khao sat hai loai canh khudy véi dudng kinh () 4,5 va 7,0 cm

B-PUF B-PUF/AHP,, B-PUF/AHP,;  B-PUF/AHP,,

Hinh 3: Hinh dnh cdc mau B-PUF va B-PUF/AHP & kich thuéc 50 x 50 x 25 mm?

Bang 2: Két qua UL-94 ctia cdc mau B-PUF va B-PUF/AHP

B-PUF HB 33 Khong dat**
B-PUF/AHPg HB 17 V-1
B-PUF/AHP,5 HB 5 V-0
B-PUF/AHP3) HB 20 Khong dat**

*T8ng thoi gian chdy cia méu sau 2 14n dot
**Chéy t6i gid gitt mau
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(2) (b)
33 gidy 17gidy Sgidy 20 gidy

B-PUF E |
E,.l-m—-.-l‘ cesdarsencniy
Hv TR iy
MV

B-PUF/
AHP,,
B-PUF/
AHP,,
B-PUF/
B-PUF  BPUF/  B-PUF/  B-PUF/ syp
AHP,,  AHP,  AHP,
UL-94V

Sau 28 gidy Sau khi chay

) e il

R roereR

UL-94HB

Hinh 4: Hinh anh dénh gia UL-94 cGia cdc m&u B-PUF va B-PUF/AHP: (a) UL-94V va (b) UL-94HB.

chua phai la chudn chéng chdy tot nhit ma nghién ctu
huéng téi. Mau dat V-0 khi taing ham lugng AHP lén
25 php v6i thoi gian chdy sau hai 14n d6t ciia mau rut
ngan con 5 gidy va mau c6 kha nang tu dép tit ngon
ltia trude vach dau tién trong thi nghiém UL-94 HB
nht trén Hinh 4b. O ham lugng AHP 16n hon (30
php), mau cho két qua kha ning chng chdy giam, tuy
van dat chudn HB nhung trong thti nghiém UL-94V,
mau da khong thé dat dugc bat ki chuin nao vi ngon
Itia chdy dén gid gitt mau, diéu nay cd thé do v6i ham
lugng AHP 16n, phu gia khong dugc phin tian déu
trong B-PUE, anh hudng dén qua trinh tao x0p véi
cac 16 x6p khong dong déu (Hinh 3) tit d6 lam gidm
kha ning chéng chay. Nhu vady mau B-PUF/AHP,5 1a
mau cho két qua chdng chay t6i uu.

Tinh chat nhiét

Tinh chat nhiét cia cic mau B-PUF va B-PUF/AHP
dugc danh gia thong qua phuong phap phan tich
nhiét trong lugng TGA trong moi trudng nitrogen va
két qua dugc thé hién ¢ Hinh 5 va Bang 3. Tu gian d6
Hinh 5 ¢4 thé thdy B-PUF va B-PUF/AHP,5 déu c6
hai buéc phan hay nhiét chinh dién ra tai hai khoang
nhiét 1a 240 - 400°C va 400 - 650°C lan lugt lién quan
dén qua trinh phan htly phan doan cting va phin doan
mém trong mach polyurethane "7, O budc phan
hay thd nhit miu chia phu gia chéng chdy co do
mét khéi lugng 13 27,84% thdp hon hin so v6i B-PUF
(36,08%), két qua ciing tuong tu & giai doan thit hai
B-PUF/AHP)s ¢6 d6 mat khdi lugng thdp hon mau
trdng la 7,21%. Nhu vay su ¢6 mat ctia AHP dé lam
chim t6c do phan hiy nhiét cia B-PUE. AHP hoat
dong chéng chay trong pha rin '8, ham lugng 16p than
rin bén nhiét tai 750°C kha 16n (74,34%), do d6 da
g6p phén lam ting ddng k& ham lugng rdn con lai cha

méu B-PUF/AHP,s. Két qua thé hién & gid tri ham
lugng than ran ctia B-PUF/AHP;s & 750°C (37,37%)
16n hon so v6i B-PUF (23,52%). Lép than ridn nay
cling c6 vai tro nhu hang rao cach nhiét ngan khong
cho nhiét tiép can v6i nhya nén ti d6 lam giam sy
chay trong B-PUE.

Ti trong va hinh thai khoang x8p

Ti trong 13 mét trong nhiing yéu t6 quan trong anh
huodng dén cic tinh chat cta vét liéu. Bang 4 cho
théy ti trong ctia mau B-PUF dat 122,0 kg/m?, gi4 tri
nam trong khoang gia tri cao déi véi vat liéu PUE
Khi thém AHP ti trong ctia mau giam dan, cu thé gid
tri clia cic mau B-PUF/AHP,(, B-PUF/AHP,s, va B-
PUF/AHP3 l4n lugt 1a: 101,6; 90,8; va 78,1 kg/m?3,
nhu vay viéc thém phu gia chdng chdy da c6 anh
hudng t6i qud trinh tao x8p cua PUE Khi kiém tra
hinh thai cdu truc x8p caa vét liéu (Hinh 6 ), c6 thé
thdy dudng kinh 16 xp trung binh cta B-PUF nho
hon B-PUF/AHP5 vé6i gid tri tuong ting 1a 0,51 mm
va 0,72 mm, dong thoi do dong déu ctia cac 16 x6p &
mau B-PUF/AHP,5 tot hon mau B-PUE Két qua cho
thdy phu gia AHP da giup cai thién kha nang tao x6p
ctia ctia B-PUE, mau tao thanh c6 gid tri ti trong nho
hon.

KET LUAN

B-PUF chéng chdy da dugc téng hgp thanh cong tu
BHET véi su tham gia ctia phu gia chdng chay phi
halogen AHP. Két qua cho thdy kha ning chéng chdy
ctia vat liéu dugc cai thién tit khong thé dat chudn
chdng chdy UL-94V d6i v6i mau B-PUF thi khi thém
25 php AHP, méu B-PUF/AHP,5 di dat dugc chuin
UL-94 V-0. Vi sy hién dién cia AHP da lam cham
toc d6 phan huy nhiét ctia B-PUE AHP hoat ddng
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Bang 3: Tom tat két qua tir dudng cong TGA clia cac mau B-PUF va B-PUF/AHP 5

Miu B-PUF B-PUF/AHP,5
Do mit khdi lugng (240 - 400°C) (%) 36,08 27,84
Do mat khéi lugng (400 - 650°C (%) 37,09 29,88
Ham lugng rén tai 750°C (%) 23,52 37,37
AHP
100
—v—B-PUF/AHP,,
[ P B-PUF

=
=
1

F

Khéi lugng (%)
=
[

o]
[=—!
T

0 200

400 800

Nhiét d9 (°C)

Hinh 5: Gian d6 TGA ctia AHP, B-PUF va B-PUF/AHP,s.

Bang 4: K&t qua ti trong ctia cdc mau B-PUF va B-PUF/AHP.

Mau

B-PUF
B-PUF/AHPs
B-PUF/AHP,5

B-PUF/AHP3

Ti trong (kg/m°)
122,0
101,6
90,8

78,1

chdng chdy trong pha rin, ham lugng 16p than rdn bén
nhiét tai 750°C khd 16n (74,34%), do d6 da gép phan
lam ting dang k€ ham lugng ran con lai cia mau B-
PUF/AHP,5. Ham lugng than ran ctia B-PUF/AHP;5
& 750°C (37,37%) 16n hon so v6i B-PUF (23,52%). B-
PUF c¢6 céu truc khoang x6p dong déu dong thoi ti
trong ctia mau ciing gidm déan, qua trinh tao x6p t6t
hon khi thém 25 php phu gia chdng chéy phi halogen
AHP.
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AHP: Aluminum hydrogen phosphonate
BHET: Bis(2-hydroxyethyl) terephthalate
B-PUF: Polyurethane Foam based on BHET
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EG: Ethylene glycol

FE-SEM: Field Emission Scanning Electron Micro-
scopes

FR: Flame retardant

MDI: Methylene diphenyl diisocyanate

php: parts per hundred of BHET (polyol) by weight

PUF: Polyurethane Foam

TGA: Thermogravimetric analysis
UL-94: Underwriters Laboratories Tests
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ABSTRACT

Bis(2-hydroxyethyl) terephthalate (BHET) obtained from waste poly(ethylene terephthalate) bottles
was used to synthesize polyurethane foams (B-PUF) and the fireproof B-PUF in the presence of non-
halogen flame retardant, namely, aluminum hydrogen phosphonate (AHP). Loading of 25 php AHP
was needed for B-PUF/AHP to achieve UL-94 V-O rating. The thermal stability of B-PUF was improved
with the addition of AHP through the thermogravimetric analysis (TGA) results. In addition, other
properties such as density and foam structure were also investigated. The outcomes of this study
also confirmed that the B-PUF prepared from recycled PET not only were composed of a high per-
centage of waste poly(ethylene terephthalate), which could help reduce the amount of recycled
polymer materials and improved waste management but also met the high demands for the fire
safety of polymer applications.

Key words: Waste PET, BHET, Polyurethane foams, Non-halogen flame retardants
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