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Vat liéu chong chay trén nén polyurethane
nhi€¢t déo s dung hop chat chong chay
phosphorus/phosphorus-nitrogen

Pham Thi Thuy Linh, Hoang Thi BPong Quy

Tém tit — Trong nghién ctru niy, kha ning chong
chay céia hop chat chéng chay phi halogen
(Triphenylphosphate-TPP va diammonium
hydrogen phosphate-DAP) trén nén nhya nhiét déo
polyurethane (TPU) dia dwoc khao sat. Hiéu qua cia
phu gia chdng chiay di dwgc danh gid thong qua
phuong phap UL-94 V va phwong phap phan tich
nhi¢t TGA. TPU/DAPs va TPU/TPP7,5 dat chuin
UL-94 V-0. Két qua nay cho thiy sw c¢6 mit DAP va
TPP da cai thién va hd tro hiéu qua kha ning chéng
chay ciia vat liéu. Tir két qua cia gidn dd TGA cho
thiy tinh chit nhiét ciia TPU/DAPs ting dang ké so
voi TPU, trong khi dé véi su hién dién cia TPP
khong dong gép vao viéc ning cao tinh chit nhiét cia
vét liéu. Co ché chéng chay ciia DAP va TPP trén
nhwa nén TPU ciing di dwgc dé nghi.

Tir khéa — Phu gia chéng chay phi halogen, Phu
gia chéng phosphorus/phosphorus-nitrogen, TPU,
TPP, DAP

1 MO PAU
Polyurethane nhiét déo (TPU) la mot trong
nhitng loai nhya phd bién chiém san luong
nhiéu nhét trong tong sé céc loai polyurethane
(PU) trén thi truong hién nay. Ngoai nhing dic
tinh ndi bat nhu kha niang dan hdi tét, do trong
sudt cao, TPU con c6 kha ning khang dau, md va
khang mai mon cao [1]. Véi nhiing tinh chat wu
viét, TPU thuong dugc ttng dung lam trong cac vat
liéu soi dét, dé gidy, céc chi tiét 6td, boc cép, ong
dan, noi that. Tuy nhién, TPU c6 nhuoc diém la
tinh d& bét chay cao, sinh ra nhiéu khéi va khi doc
trong qua trinh chdy, gy anh huong téi moi
truong va pham vi ung dung cua vat liéu.
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Truéc day céac hop chat chéng chay chua
halogen thuong dugc sir dung rong réi do ching c6
hiéu qua cao trong viéc lam giam kha ning bét
chay cua céc loai vat liéu polymer. Tuy nhién, hién
nay cac hop chat chéng chéy chira halogen da bi
han ché sir dung do ban than ching sinh ra nhiéu
chat doc hai, anh huéng nghiém trong téi con
ngudi va moi truong [2, 3]. Chinh vi vay, cac nha
nghién ctru dang dan dan thay thé bang nhiing hop
chét chong chéy phi halogen, thi du nhu cac hop
chét chong chéay chira phosphor, cac hop chit chira
nittrogen,  hop  chit  hydroxide  kim
loai,... Triphenyl phosphate (TPP) va diamonium
hydrogen phosphate (DAP) la nhitng hop chét
chéng chéay phi halogen cho hiéu qua chéng chay
t6t, than thién véi moi trudng, va dac biét 14 it sinh
ra khoi va khi doc trong qué trinh chay. Do do
trong nghién curu nay chang téi da stir dung TPP va
DAP nham khao sat kha ning cai thién va nang
cao tinh khang chay trén nén TPU.

2 VAT LIEU VA PHUONG PHAP

Nguyén vit li¢u

Hoéa chat duoc sir dung bao gom diammonium
hydrogenphosphate  (DAP)  (Trung  Quoc),
Triphenyl phosphate (TPP) (Merck), TPU (Pai
Loan).
Tao miu TPU/phu gia chong chay

Mau duoc tron trén rpéy Haake Polydrive véi
nhiét d6 tron 1a 180°C, toc do quay cua hai truc vit
la 45 vong/phut, thoi gian tron khoang 7-10 phit
tuy theo ham lugng chat chong chay tron vao nhya
nén.
Thiét bi va phwong phap phén tich

Danh gia kha ning chdng chay cua vt lidu theo
phuong phap UL-94V: mau do theo chuan ASTM
D635 co kich thude twong tng la 12,5- 12,7-3,0
mm va phan loai cac mirc nhu sau: UL-94 V-0:
mau tat trong vong 10 s va khong nho giot trong
qué trinh chdy. Chuan UL94 V-1: mau tat trong
vong 30 s va khong nhd giot trong qua trinh chay.
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Chuan UL-94 V-2: mau tit trong vong 30 s va cho
phép nho giot trong qua trinh chay.

Khéo sat d6 mét khdi lugng va tinh 6n dinh
nhiét bang phuong phap phan tich nhiét TGA
(Thermogravimetry Analysis) trén thiét bi TGA
Q500 V20.10 Build 36 véi lugng mau khoang 2—
10 mg. Mau dugc phan tich & khoang nhiét do tir
30-700°C, toc do gia nhiét 10°C/ phdt trong moi
truong khong khi.

3 KET QUA VA THAO LUAN.

Két qua UL-94V

Khi ¢6 su hién dién cua phu gia chéng chay
DAP v6i ham lugng 1-5 (wt%) da cai thién dang
ké tinh chat chéng chay cua vat liéu. Bang 1 cho
thdy mau TPU/DAP; (ham lugng DAP thém vao 1
wt%) va TPU/DAP; (ham lugng DAP thém vao 3
wt%) dat UL-94 V-2, sau hai lan d6t ngon lura déu
tit, tuy nhién c6 hién tuong nho giot va lam chay
16p cotton bén dudi va mic d6 nho giot ciia miu
TPU/DAP3 thip hon so véi mau TPU/DAP;. Khi
tiép tuc ting ham lwong DAP 5 wt%, mau dat
chudn t6i wu UL-94 V-0, sau hai 1an dbt ngon ltra
tat va khong cé hién tugng nho giot xudng 16p
cotton bén dudi, vi vdy ham lugng DAP tdi uu
tron vao TPU dé nang cao hiéu qua chéng chiy
cho nhya nén 1a 5 wt% (Hinh 1).

Bang 1. Két qua kiém tra kha nang khang chay UL-94 V
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a) TPU b) TPU/DAP:

Hinh 1. Hinh anh kiém tra UL— 94V

Theo két qua ¢ Bang 2 cho thdy su c6 mat cia
hop chét chdng chdy chira phosphor TPP v6i ham
luong tir 5-7,5 wt% da hd trg hiéu qua tinh chat
chéng chéay ctia nhyra nén TPU. Mau TPU/TPPs dat
chuan UL-94 V-2, cu thé 1a sau hai lan dbt ngon
Iira tit, tuy nhién c6 hién tugng nho giot trong qua
trinh chay va lam chay 16p cotton bén dudi. Tiép
tuc ting ham lugng TPP 1én 7,5 wt%, mau dat
chuén cao nhdt UL-94 V-0, sau hai 1an ddt thi
ngon lira tit, va tong thoi gian chdy ciia mau sau
hai 1dn d6t thdp hon 10 s (Hinh 2). Do d6 ham
lwong TPP tdi wu nham nang cao tinh khang chay
cho nhya nén TPU 14 7,5 wt%.

Bang 2. Két qua kiém tra kha ning khang chay UL-94 VV

UL - 94V
Mixlu X Y Chu
Ketqua thich
TPU Chay
Ngon lira tat,
TPU/DAP; nho giot
nhiéu
3 Ngon lira tat,
V-2 mirc d¢ nho
TPU/DAP; giot thap
hon
TPU/DAP;
TPU/DAPs V-0

Viu UL-94V
4 K&t qua Ch thich
TPU Chay
Ngon lira tit, nho
TPUITPPs V-2 ot nhid
TPUITPP;5 V-0

a) TPU

b) TPU/TPP; <
Hinh 2. Hinh anh kiém tra UL— 94V
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Két qua phan tich nhiét

Hinh 3 14 gian do phan tich nhiét ctia TPU, TPP,
va TPU/DAPs. TPU c6 hai giai doan phan huy
nhi¢t chinh va qua trinh phan hity nhiét bit dau
xay ra & nhiét d6 278 °C, dé lai ham luong rén 14,4
% (500 °C) va 2,3 % (600 °C). TPU/DAPs c6 nhiét
d6 bat diu phan huy thip hon TPU (256 °C). Nhiét
d6 bat dau phan huy thap hon so voi nhya nén l1a
do qua trinh phan hiy nhiét cta hop chat chong
chay DAP. Tuy nhién & khoang nhi¢t d¢ phan huy
ctia budc thi hai, TPU/DAPs cho thdy kha ning
bén nhiét ting dang ké so véi TPU, ham luong 16p
ran con lai kha cao (30,9 % (500 °C) va 11,9 %
(600 °C)) so voi TPU (14,4 % (500 °C) va 2,3 %
(600 °C)).

—a—DAP
—tTP U
| =—+=TPU/DAP;

100 200 300 400 500 600
Temperature (°C)

Hinh 3. Gian dd TGA cua DAP, TPU, va TPU/DAPs

Két qua TGA ¢ Hinh 3 cho thdy ring DAP c6
anh huong dang ké dén qua trinh phan huay nhiét
cua vat liéu nén. Dé hiéu rd hon, chung toi tién
hanh xdy dung dudng cong TGA 1y thuyét dé so
sanh véi két qua thuc nghiém ciia mau TPU/DAPs
(Hinh 4). Két qua Hinh 4 cho thay sy khac biét
giita hai duong thuc nghiém va 1y thuyét. Sy khac
biét thé hién rd bat dau tir khoang 380 °C va ham
lwong 16p than rén con lai trong khoang nhiét do
500-600 °C cua duong cong TGA thuc nghiém
(33-10 %) kha cao hon ham luong than rin cta
duong cong TGA 1y thuyét (15-1,8 %). Qua d6, co
thé két luan, da c6 sy twong tic giira phu gia chong
chay DAP va TPU hoac da xdy ra su tuong tac
giita cac san phidm phan huy cua DAP va TPU sinh
ra cac san phdm bén nhiét trong qua trinh phan huy
nhiét dong gép vao qua trinh hinh thanh 16p than
rin bao vé trén bé mat vat liéu giup cho vat liu
bén nhiét hon.

Weight (%)

——TPU/DAPExp)
——TPU/DAP(Calc)

100 200 300 400 500 600
Temperature (°C)
Hinh 4. Gian d6 TGA 1y thuyét (Calc) va thuc nghiém (Exp)
cua TPU/DAPs

V6i sy ¢ mit cua phu gia chdng chay TPP da

khong lam thay d6i dang ke tinh chat nhiét ctua vat

liéu cling nhu khong dong gop vao viéc nang cao
tinh chat nhiét cta vat liéu (Hinh 5)

100 - —=—TPP

——TPU
—&—TPU/TPP7 5
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Hinh 5. Gian dd TGA cua TPP, TPU, va TPU/TPP;5
Co ché chong chay
Nhu da biét co ché chdng chay cua TPP xay ra
chu y€u ¢ pha khi, dudi tac dyng cua nhiét do, TPP
s& phan huy tao thanh céc goc tu do PO- va POy
bat cac tam hoat dong H- va OH- sinh ra trong qua
trinh chdy cua polymer tao thanh cac chat it hoat
dong hon, tir d6 lam gidm lugng chat khi dé chay,
ngan chan qua trinh toa nhiét va lam qua trinh
chay cua polymer bi dap tat [4-6]. K€t qua nay kha
phu hgp véi két qua TGA, TPP phan huy hoan
toan va khong déng gop vao qua trinh hinh thanh
16p than ran bao v¢ trén bé mat vat li¢u.
PO+ + He > HPO
PO+ + OH* > HPO;
HPO + He > H; + PO-
OH+ + H, + PO+ & H,O + HPO
HPO2» + He > H,O + PO
HPO,» + He -> H, + PO,

HPOz» + OHs > H,O + PO,
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Co ché chéng chay ctua DAP c6 su két hop cua
ca co ché vat 1y va co ché hoa hoc. Trong qué trinh
phén hily nhiét DAP, sinh ra H,O va NH3 c6 tac
dung 1am lanh va pha lodng cac san pham nhiét
phén cua nhya, lam giam nhiét d¢ vung chay.

432K

(NHy)2HPO,(s) ——3 NH3(g) + NH,H,PO,(s)
(NH,)HPOLS) — 3= 2NHy (g) + HiPO()
NHHPO(S) — 3  Niyg) + HiPO()
HPO() B2y o) + Hyp,04)
> 482K

2HP0:(1) _> 4H;0(0) + P4Ox(s)

Hon thé nira, DAP con gitip hinh thanh 16p than
rin ngan chin sy thoat ra cta cac chét d& chay va
sy xam nhdp cuia oxygen va nhiét vao bén trong
vung chay [7]. Do do6, hi¢u qud chong chay cua
DAP trén TPU t6t hon so véi TPP (dé dat duoc
UL-94 V-0, ham luong DAP thém vao la 5 wt%
thip hon so v&i ham lugng TPP thém vao 13 7,5
wit%).

4 KET LUAN

Vi sy hién dién cua hop chét chéng chay DAP
va TPP vao nhya nén TPU vé6i ham lugng thém
vao kha thip 5-7,5 wt% cho két qua chdng chay
t6i uu dat UL-94 V-0. DAP hoat dong ¢ cé hai co
ché hoa hoc va vat 1y. DAP phan hay cho ra NH3
va H;0 ¢6 tac dung lam lanh va pha lodng cac san
pham sinh ra trong qua trinh chay. Ngoai ra, DAP
con gbp phan tao thanh 16p than ran ngdn khong
cho céc chat dé chay va nhiét thoat ra ngoai nhleu
Trong khi d6 TPP hoat dong chdng chay chu yéu
trén co ché pha khi. Phan tich cac két qua tir UL-
94V va TGA cho thidy hop chit chéng chay
phosphorus TPP va phosphorus-nitrogen DAP da
cai thién dang ké kha nang chdng chay. Piéu nay
g6p phan bao vé mdi trudng va giam thiéu nhimng
tham hoa do cac qua trinh chay gay ra.
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Loi cam on: Nhom tac gia xin gui loi cam on
dén Bé mon Vat liéu Polymer va Composite, Khoa
Khoa hoc va Cong nghé Vat liéu, Truong Dai hoc
Khoa hoc Ty nhién, PHQG-HCM vi da tao diéu
kién dé thuc hién nghién ciru nay.
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Abstract — In order to improve fire performance of
thermoplastic  polyurethane  (TPU)  material,
halogen-free flame retardants (triphenylphosphate-
TPP and diamonium hydrogen phosphate-DAP)
were studied in an attempt to obtain UL-94V
ratings. The fire behaviors and thermal stability
properties were evaluated using UL-94 vertical test
and thermogravimetric analysis (TGA). The UL-
94V results showed that V-0 ratings were achieved
at 5 wt% of DAP or 7.5 wt% loading of TPP. The
incorporation of these flame retardant (FR)

increases the flame retardant properties as well as
the amounts of charred residues protecting the
mixture from further degradation. This assertion
could be accepted when observing that the char
residual of TPU/DAP mixture at 500-600°C was
much higher than that of neat TPU. The char layer
limited the amount of fuel available and insulate
the underlying composite material from the flame
and, thus, make further degradation more difficult.
The mechanism of flame retardants was also
discussed in this study.

Index Terms — TPU, TPP, DAP, Phosphorus/Phosphorus-nitrogen flame retardants
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