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TOM TAT: Nham cdi thién va ndng cao tinh chdt chong chdy, tang kha nang chiu nhiét, dong
thoi han ché nhitng ton thdt to I6n vé kinh 1é, gdy anh hudng nghiém trong dén méi truong va sw song
ciia con ngudi, muc tiéu ciia nghién ciru nay la khéo sdt kha ndng chéng chdy cia hop chét chéng chdy
photpho img dung vao cdc loai vt liéu polyme trén co sé Polyeste khong no (UP). Két qua UL 94 dat
dwoc chudn V-1 véi ham leong phu gia chong chdy triphenyl photphate (TPP) thém vao khodng 25%
khéi lwong. Phan tich tir cdc két qua UL 94, TGA cho thdy chdt chong chdy photpho trong nghién ciru
nay hoat dong & ca hai pha: ran va khi. Nhw vdy két qua nghién ciu da cho thdy chdt chong chdy
photpho cdi thién hiéu qud khd néng chong chdy ciia vdt liéu nham mé réng pham vi ing dung & cdc
méi trwong dé chdy.

Tir khéa: Vit liéu Polyme-compozit-nanocompozit chong chdy, TPP, UP, UP chéng chdy.

MO PAU

Vat liéu polyme néi chung va vat li¢u trén co
s& polyeste bat bao hoa (UP) néi riéng la
nhitng loai vat liéu dwoc st dung hing ngay
trong cic vat dung gia dinh, ngoai troi, d6 ding
noi thit gia d4, gia g0, va 1a nguyén lidu chinh
trong nganh coéng nghiép nhwa cho dén cic
trang thiét bi img dung trong nhiéu nganh cong
nghiép quan trong nhu nganh xdy dung, giao
thong van tai, va cong ngh¢ cao.

Tuy nhién, nhugc diém 16n nhét coa cdc loai
vat liéu polyme d6 1a rat d& bat chdy va kha
nang chiu nhiét thip. Ching 13 nhitng loai nhwa
¢6 tinh bt chdy cao va chdy rat dir doi do trong
thanh phan chtra nhitng chat rat d& chdy, sinh ra

nhiéu khéi va khi doc [1,2].

Dé tim ra nhitng huéng khic phuc va cai
thién tinh chéng chdy cua vat liéu, mot phuong
phap phd bién tir trude dén nay d6 1a sir dung
céc hop chat chéng chdy halogen [3,4]. Hop
chét chéng chdy cb dién halogen dem lai két
qua tdi wu, gid thanh ré, tuy nhién né giy anh
huéng nghiém trong dén méi trudng va da bi
cém sir dung & cdc nudc phat trién. Vi vay, viéc
tim ra phu gia chdng chdy thay thé cho hop
chét chéng chdy halogen dwoc rat nhidu nha
khoa hoc quan tdm, va hop chét chng chay
photpho hitu co 1a mét trong nhitng nghién ctru
dang htra hen mang lai nhimng két qua t6t nhat
nhim khic phuc nhitng nhuoc diém trén va
ning cao pham vi ung dung cla cic loai vat

liéu polyme [5-8].
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Triphenyl photphat (TPP) la mdt trong
nhitng phu gia chéng chdy phi halogen dugc sir
dung khd phd bién cho cic loai vat liéu polyme
nhu ABS, PC, polyeste nhiét déo, PP, va PE [9-
13]. Tuy nhién chwa c6 nhidu cong bd viéc sir
dung TPP cho cdc loai vt li€u trén co s¢ UP.
Va chit yéu cdc téc gia st dung hop chét chéng
chdy halogen hodc cic chat chéng chdy vo co
nhim giam thai lugng khéi sinh ra trong qué
trinh chdy [15]. Vi vay trong nghién clru nay
nhém téc gia sir dung phu gia chdng chéy phi
halogen TPP tung dung vao cdc loai véat li¢u
trén co s UP nhim cai thién va ning cao kha
nang chéng chdy cua vat liéu, han ché téc hai
dén méi truong.

VAT LIEU - PHUONG PHAP
Héa chit

Triphenyl photphat (TPP) (Merck). UP cong
nghiép (UPcn) (Pai Loan), Etylen Glycol (EG)
(Trung Quéc), Anhydric Maleic (AM) (Trung
Qubc), Styren (Trung Quéc), Butanox (Trung
Quéc), PET phé thai, Styren (Trung Qubc), UP
tai ché (UPtc) (tong hop tai phong thi nghiém
téng hop Polyme, Khoa Khoa Hoc Vit Liéu,
DH Khoa Hoc Ty Nhién, TPHCM).

Téng hop UP tai ché

V6 chai PET dugc xir Iy so bd, cit nho, siy
kho, va dem thuc hién phan Gng glycol giai vdi
EG trong 2 gio, tiép tuc cho AM vao hé va
phan tng kéo dai trong vong 4 gid. Styrene
duoc thém vao hdn hop phan tng va khiy
trong khoang 10 phiit, cho nhanh butanox vao,
hén hop duoc tron déu trong 10-15 gidy, va

nhanh chéng d6 hén hop phan tng vao khudn.

Sau khi hdn hop dugc déng rén ta thu dugc sén
pham UPtc.
Thiét bi va phwong phap phan tich

Pénh gi4 kha ning chdng chdy cua vat liéu
bang phuong phip thir Underwriters
Laboratories Vertical (UL 94V). Mau dugc tao
theo kich thudc 127-12,7-3,2 mm, va danh gia
theo chudn ASTM D635, sit dung butan lam
nhién lidu dot.

Khio sit d6 bén nhiét va d6 mit khdi lugng
bang phuong phdp phan tich nhiét TGA, thiét
bi TGA Q500 V20.10 Build 36, miu dugc do &
khoang nhiét d¢ tir 25 — 700°C, tbc do gia nhiét
1a 20°C/ phut trong méi truong khi nito.

KET QUA - THAO LUAN
Két qua UL94

Két qua UL94 ciia UPcn, UPcn/TPP, UPtc,
va UPtc/TPP duogc trinh bay trong bang 1. T
céc sd liéu ta théy, tAt ca cdc miu UPcn déu
chdy, ngay ca miu UPcn4 c6 ham lugng TPP
cao (25%) ciing khéng mang lai két qua chéng
chay tét. Trong khi d6, két qua UL 94 cta UPtc
cai thién dwoc phan nao kha ning chéng chdy
clia nhya. Mau UPtc chua c6 chat chéng chay
(UPtcl) khong dat chudn UL94, mau chdy
hoan toan trong lan d6t dau tién . Khi c6 su
hién dién cua chat chéng chdy, két qua chdng
chdy c6 su cai thién ro rét. Cu thé voi ham
lwong TPP 20%, mAu tuy van khong dat chuén
UL94 nhung thoi gian chdy cta miu cé cai
thién (miu chdy trong vong 86 gidy rdi tat
trong 1an dét dau tién) va v6i ham lwong TPP
25%, kha nang chong chay dat chuéan UL94 V-
1. Hinh 1 cho thdy sy khdc biét khi chdy cia
hai miu UPtcl va UPtc4. Mau UPtcl chdy dit
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doi lan gn hét mau, trong khi d6, mau UPtc4

chdy chiam véi ngon lira nho. Qua d6 ta thdy

hiéu qua ciia chit chéng chdy da dwoc phét

huy.

Bing 1. Két qua UL94 cta UPcn, UPcn/TPP, UPtc, va UPtc/TPP

Miu Két qua UL94 Miu Két qua UL94
UPcn1(0%TPP) chdy UPtc1(0%TPP) chay
UPcn2(15% TPP) chéy UPtc2(15% TPP) chay
UPcn3(20% TPP) chdy UPtc3(20% TPP) chdy (86s)
UPcn4(25% TPP) chéy UPtc4(25% TPP) V-1

a. UPtcl

b. UPtc4

Hinh 1. Anh kiém tra UL94

Tir két qua UL94 ctia UP cong nghiép va UP
tai ché, ta thdy TPP 1a chét chbng chéy thich
hop cho nhya UP tdi ché véi kha ning chdng
chdy tdt, du chua dat tiéu chuin cao nhit. Sy
khdc biét trén c6 thé la do su khdc biét vé cdc
tinh chét cua 2 loai nhya trong d6 sy khac nhau
vé mat do khau mang vén 12 mot trong céic yéu
t6 anh huong tryc tiép dén tinh chat nhiét va
kha ning chéng chdy cta vt liu. Nhu viy, UP
tai ché véi chat chong chdy photpho di cai
thién 13 rét kha niang chéng chdy va voi ham
luong TPP 1a 25% da cho két qua chdng chay

tdt nhét.

Két qua phan tich nhiét cia UPtc va UPtc/
TPP

Duya vao céc két qua chéng chdy (Bang 1),
chung ta thiy ring véi sy hién dién ciia TPP da
cai thién ding ké kha ning chéng chdy cua
UPtc, va dé hiéu rd thém, chidng toi tién thanh
khao sit d6 bén nhiét ciia cic mau Uptc, va
UPtc/TPP.

Hinh 2 12 gian d6 phén tich nhiét ciia UPtcl,
UPtc2 va UPtc4, Bang 2 12 s6 lidu cu thé vé két
qué phén tich nhiét. Tir két qua TGA cho thiy,
khi tron chét chéng chdy vao nhya UPtc, qud

trinh phan hiiy nhiét ¢6 sy thay déi. Vi miu
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UPtcl, qué trinh phan huiy nhi¢t xdy ra theo
mot budc chinh. Trong khi d6, khi tron TPP
vao nhya twong Gng v6i 2 miu UPtc2 va
UPtc4, qud trinh phan hiy nhiét xdy ra theo 2
budc 16 rét. Trong d6, bude phan huy 1 1a sy
phan huy nhiét cia TPP[14], budc 2 1a dac
trung cho su phan hiy nhi¢t cia UPtc.

Nhu ching ta da biét, dudi qud trinh phan
hay nhiét, TPP bi phan huy nhiét hoan toan va
co ché chéng chdy ctua TPP hoat dong chu yéu
¢ pha khi, vi vy sit dung TPP lam phu gia
chdng chdy dbi v6i UP kha phu hop. Luong
chét rén con lai sau qud trinh phin huy nhiét tai
700°C rét it, UPtcl sau khi phan huy nhiét,
luong chét rén con lai 1a 8,7 %. Khi tron TPP
vao nhya, lugng chét rin con lai twong tng la
7.3 % dbi véi UPtc2 va 8,1 % dbi véi UPtcd.
Két qua cho thdy c6 sy tuong tic gitra TPP va
UPtc hodc qud trinh khdu mang da dnh hudng
dén ham luong rén con lai. Sau qud trinh phén
hity nhiét ham luong ran khong ting hodc c6
ting v6i ham lugng khong déng ké (theo ly
thuyét lwong ran con lai khoang 7.4% dbi voi
UPtc2, va 6,5% dbi v6i UPted).

Nhu vay, sy hién dién cia TPP trong nhua
UPtc khong thic ddy lwong chit rin ting 1én.
Tuy nhién, véi nhitng két qua da dé cap ¢ muc
3.1 va su quan sit qud trinh chdy va hinh théi
cia miu trong va sau qud trinh chdy cho thiy
rang UPtc/ TPP tao thanh 16p than trong sudt
qud trinh phan hiy nhiét. Didu nay ching to co
ché chdng chdy c6 su déng gép cua pha ran.
Ngoai ra, két qua phan tich nhiét TGA trong
hinh 2 ciing cho thdy rang, budc phan hiy nhiét
déu tién 12 qud trinh phan huy cua chit chéng
chdy TPP tao thanh nhitng san phim déng gép
vao qué trinh hinh thanh 16p than trén bé mat
vat liéu giip che chin nhiét va ngon lia tiép
tuc lan truyén vao sdu bén trong vt li€u hodc
qud trinh phan huy nhiét TPP da tao ra nhitng
gbc tr do e ché qué trinh chdy [12-14]. Tuy
nhién, dé c6 thé két luan mot cdch chinh xdc co
ché chéng chdy hoat dong trong pha rin hay
pha khi, can phai nghién ctru thém dé c6 cic
két qua tir cdc phuong phép phan tich khic méi

¢6 thé khang dinh chéc chin van dé trén.

Bing 2.Két qua phan tich nhiét ciia UPtc va UPtc/ TPP

UPtcl | UPtc2 | UPtcd
T1 (°C) 300 200 200
T2 (°C) 390 385
Chét rén con lai (%) 8,7 7.3 8,1

T1: Nhiét do bt dau xay ra sy phan huy nhiét bude 1.
T2: Nhiét d6 bt dau xay ra sy phan huy nhiét budc 2.
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Hinh 2. Két qua phan tich nhiét cua a: UPtc1, b: UPtc2, c: UPtc4

KET LUAN

TPP duoc phéi tron vao UPcn v4i ham lugng
15-20% khéi lugng khong mang lai hi¢u qua
chdng chdy tét. Cic mau khao sit déu chay,
khong c6 mau nao dat chudn UL94. Trong khi
d6, UPtc khi trén véi TPP, hiéu qua chdng
chdy da phan nao dugc cai thién. Qué trinh
phan hiy nhiét cia TPP da déng gép vao qud
trinh tao thanh 16p than trén bé mit nhya, déng
vai trd ngan chin sy téa nhiét va ngdn cdn ngon
Ira tiép tuc lan truyén hoac tao ra cac géc tu do
bét cdc tdm hoat dong sinh ra trong qud trinh
chéy, nhiét lvgng cung cip cho qud trinh chdy
giam, qué trinh chdy s& bi dap tit. Mau UPtc/
TPP dat dwoc két qua chdng chdy UL94 V-1

v6i ham lugng 25% TPP thém vao.

Vi céc két qua dat duge nhu trén s& gitip cai
thién hiéu qua kha niang chéng chdy va lam
tang hon nita pham vi ung dung cua cic loai
vat liéu & cdc modi truong dé chdy. Piéu nay
cling gép phan bio vé moéi truong va giam
thiéu nhitng tham hoa do cdc qud trinh chdy
gdy ra va vi vay dd gép phan giam nhiing ton
thit vé kinh & cho x3 hoi.

Tuy nhién két qua trén chua dat chuén tdi uu
UL 94 V-0, vi vy can c6 nhitng nghién ctru vé
nhitng yéu t6 anh huéng dén kha niang chdng
chédy cua UP, cy thé 1a cdc yéu t& nhu d6 khau
mang, thanh phan UP, thoi gian, ham lugng va
tac nhan déng rén, tat ca cic yéu td trén déu
anh hudng tryc tiép dén kha ning chéng chdy

cua vat liéu UP.
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FLAME RETARDATION PERFORMANCES OF HALOGEN-FREE FLAME
RETARDANT WHEN APPLIED TO UNSATURATED POLYESTER

Hoang Thi Dong Quy, Hoang Ngoc Cuong, Pham Huynh Tram Anh, Thiem Tri Vien, Nguyen
Ngoc Nhu Huong, Trinh Thi Kim Vy
University of Science, VNU-HCM

ABSTRACT: In order to improve fire performance of polymeric materials, phosphorus flame
retardants (FRs) were studied in an attempt to obtain UL-94 ratings for materials based on unsaturated
polyester. The fire behaviors and thermal stability properties were evaluated using UL-94 vertical test
and thermogravimetric analysis (TGA). The UL-94 test results show that V-1 rating is achieved. TGA
and UL-94 results concluded that phosphorus FRs employed in this study works on both vapor phase
and condensed phase, but the vapour phase is dominant mode of action. These suggested that the
addition of FRs probably does affect on the char layer formed during combustion behavior and increase
the flame retardant properties in the case of condensed phase mode of action. The efficiency of flame
retardant of phosphorus also highly depends upon the phosphorus moieties generated during the
decomposition which further converted to radical capturing species, and consequently quenching the
flame in the case of gas phase mode of action. These FRs can be promising candidates that replace the

halogen-based.

Keywords: Flame retardants materials, unsaturated polyester flame-retardant, non-halogen

flame retardants.
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