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TOM TAT

Aluminium hydrogen phosphite (AHP)
duoc téng hop va tmg dung lam phu gia
chéng chay trén nén nhwa polyester bat béo
hoa (UP). AHP cling hop chét chéng chéy
triphenyl phosphate (TPP) dwoc thém vao
nhwa UP véi mong muén néng cao tinh chéat
chéng chay, kha ndng chiu nhiét, va dap (g
duoc yéu céu cing nhw pham vi tng dung
cla véat liéu. Két qud kiém tra khd nang
chéng chéay bang phuwong phép UL 94 cho
thdy kha ndng chéng chay cta vét liéu da cé
sw céi thién dang ké, cu thé UL 94HB dat
chuén déi véi UP khi thém vao 15 % khéi
lwong AHP két hop 15 % khbi luong TPP,

méu véi 30 % khéi lwong AHP cho téc do
chéy chédm hon nhiéu so véi méu trdng.
Phan tich TGA cho thdy ham Iluong I6p than
clia cac méu voéi sw hién dién cua phu gia
chdng chéy tai khodng nhiét d6 600 °C tdng
lén déng ké, ham luong I6p than con lai cua
méau UP/TPP;sAHP5 1a 14,25 % so véi mau
khéng c6 phu gia (UP) la 0,98 %. L6p than
ngdn khéng cho céc chéat dé chay va nhiét
thoét ra, bo vé vat liéu polymer khéng bj dét
néng tiép tuc, gidm qua trinh phan hdy nhiét
cla polyme, dbng thoi han ché su tiép xic
gitra oxygen va céc khi dé chay.

Tur khéa: chét chbéng chéy phi halogen, nhua polyester bét bao hoa.

MO PAU

Trong xu thé phat trién cua khoa hoc ki thuat
ngady mot dugc nang cao, vat liéu polymer dang
dan thay thé cho vat liéu truyén théng. Mot trong
s6 vat liéu polymer duoc sir dung rong réi la ester
bat bdo hoa véi mot sb tinh chat vuot troi nhu
cach dién, bay hoi thép, dat duoc d6 bén co hoc,
chdng an mon t6t va do trong cao [1-3]. Ching
khong chi dugc str dung trong céc vét dung gia
dinh, ngoai troi, d6 dung noi that gia da, gia gé
ma con la nguyén liéu trong nganh cong nghiép
quan trong nhu xay dung, giao thdng van tai va
cdng nghé cao. Tuy nhién, nhuya UP cé nhugc
diém 16n 1a tinh bt chay cao, sinh ra nhiéu khoi
trong qué trinh chay do d6 lam han ché (ng dung
cua chling trong nhiéu linh vyc [2-3].

Dé cai thién tinh khang chay, viéc thém vao
phu gia chéng chay trong qué trinh gia cong vat
lieu 1a rat can thiét. Truéc day, cac hop chat
chéng chay halogen thuong dugc sir dung do
hiéu qua chong chay cao [4]. Tuy nhién, do
chiing thuong sinh ra cac san pham doc hai trong
qué trinh chdy nén hién nay di bi han ché si
dung [5-6]. Thay vao d6, cAc hop chat chéng
chay phosphor cho thy hiéu qua chéng chay cao
ddi véi nhiéu loai nhya nén, kha than thién voi
mdi truong, dang dwoc nhiéu nha nghién ciu
quan tdm nham thay thé céc hop chét halogen
truyén thong [6]. Trong nghién ctu nay, ching
t6i tién hanh tong hop hop chit chéng chay
phosphor AHP va nghién ctru kha ning chéng
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chay ctia AHP va TPP vao cac loai vat liéu trén
co s6 UP nham cai thién va nang cao kha ning
khang chay cua vat li¢u ciing nhu han ché ham
luong khoi va cac san phim doc hai dén moi
truong.

VAT LIEU VA PHUONG PHAP

Nguyén vat liéu

Hoa chat duoc sir dung gdm nhua polyeste
bit bdo hoa - UP (Pai Loan), chat déng ran
methyl ethyl keton peroxide - MEKPO (bai
Loan), AI(NO3);.9H,0 (Trung Qudc), HsPO,
(Trung Quéc), NaOH (Trung Quéc) va chét
chdng chéy triphenyl phosphate — TPP (Merck).
Téng hop chit chéng chay aluminum hydro-
phosphite (AHP)

Quy trinh tong hop AHP dugc tham khao
theo quy trinh tong hop mudi AlIPO, di duogc thuc
hién trude do [7]. AI(NO3)3.9H,0 va nude duoc
cho vao binh cau, khuay dén khi AI(NO3);.9H,0
tan hoan toan thanh dung dich trong suét. Cho tir
tir dung dich H3PO3 vao binh phan tng. Hé phan
g duoc thuc hién trong 24 h & 90 °C, két tua
thu duoc dem rira nhidu 1an véi nudce, sau d6 dem
ly tam dé thu lay san pham. Cudi cung, sy khd
san pham & 80 °C dén khi khdi lugng khong doi.

Tao miu UP/phu gia chong chay

Nhya UP duoc khuidy déu o khoang 50 — 60
°C, sau d6 cho phy gia chéng chay vao va tron
trong vong 15 phat. Tiép tuc cho nhanh MEKPO,
khudy déu voi nhua trong khoang 10-15 gidy.
Nhanh chong d6 hdn hop nhya vao khuén thép
dugc phu 16p wax chéng dinh. Bé nhya gel hoan
toan khoang 50-60 phat ¢ nhiét do phong. Sau
d6, miu dugce dua vao tu siy dé u nhiét & nhiét
d6 60 °C trong 14 gio, tiép tuc & nhiét d6 80 °C
trong 24 gio [8].

Thiét bi phén tich

Phé IR dwoc ghi trén may Bruker nhiam phan
tich ciu tric AHP va khao sat vai tro cua lop than

v6i sy dong gop cua phu gia chéng chay
phosphor dén kha nang khang chay cua vat li¢u.

Panh gi4 kha ning chdng chay cua vat li¢u
theo phuong phap Underwriters Laboratories
Tests (UL 94).

UL 94V: mau do theo chuan ASTM D635 ¢6
kich thudc twong tng la 12,5 — 12,7 — 3,0 mm va
phan loai c&c mirc nhur sau:

Chuan UL94 V-0: mau tit trong vong 10 s va
khong nho giot trong qua trinh chay.

Chuan UL94 V-1: mau tat trong vong 30 s va
khong nho giot trong qua trinh chay.

Chuan UL94 V-2: mau tit trong vong 30 s
vacho phép nho giot trong qué trinh chéy.

UL 94HB: mau do theo chuian ASTM D2863
¢6 kich thude twong tng la 12,5 — 12,7 — 3,0 mm
va dugc chia lam ba doan véi kich thuéc 25-75-
25 mm. Mau dat tiéu chuan HB néu:

Khong c6 dau hiéu cua sy chay sau khi
ngimng dot (>30 s).

Sau khi ngimg d6t miu chay nhung khong
vuot quéa vach 25 mm dau tién.

Ngon lira tét trong khoang 25-100 mm.

Vin téc chay < 40 mm/phit.

Khao sat d6 mat khdi lwong va tinh 6n dinh
nhiét bang phuong phap phan tich nhiét TGA
(Thermogravimetry Analysis) trén thiét bi TGA
Q500V20.10 Build 36 vé&i lugng mau khoang 2-
10 mg. Mau dugc phén tich & khoang nhiét do tur
30 — 700 °C, téc @6 gia nhiét 10 °C/ pht trong
mdi truong nitrogen.

KET QUA VA THAO LUAN
Két qua tong hop mudi aluminum hydro
phosphite (AHP)

Aluminum hydro phosphite (AHP) tong hop
duoc tién hanh phan tich bang phé IR va khao sat
tinh chét nhiét bang phuong phap phan tich nhiét
vi sai khdi lugng TGA. Két qua phan tich IR va
TGA duoc thé hign ¢ Hinh 1.
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Hinh 1. A/ Phé IR va B/ Gian dd TGA cta AHP

Két qua phd IR (Hinh 1A) cho thay su ton tai
cua cac dao dong dac trung cua AHP. Miii dao
dong tai 1106 cm™ ciia nhém P-0, 1142 cm™ cua
nhém P=0 va mii 2453 cm™ dic trung ciia nhém
P-H [9]. Hinh 1 B cho thay AHP phan huy qua
mot giai doan chinh, bit dau tai 132,64 °C, mat

20,53 % khéi lwong va % chiat ran con lai tai 650
°C 1a 73,90 %.
Két qua khao sat chong chay

Két qua khao sat chéng chay cua nhya UP
Vi cac phu gia TPP va AHP dugc thé hién trong
Bang 1, Hinh 2 va Hinh 3.

Bang 1. Két qua khao sat UL 94 cua UP véi cac phu gia chéng chay TPP va AHP

UL-94V
Mau Ttl()’l gian chayA(S) Két qua UL-94HB
Lan 1 Lan 2
Khong dat chuan HB
UuP >60 ) v=23,0 mm/phdt
UPTPP3, 0 >60 Dat chuén HB
Khong dat chuan HB
UPAHPs, >60 ) NR v=15 4 mm/phiit
UPTPP,sAHPs 0 >60
UPTPP,0AHP 4 0 >60 Dat chuin HB
UPTPP;sAHP 5 >60 -

NR: khong dat bt ky chuin nao thugc UL 94V

Két qua UL 94 (Bang 1) cho thay nhya UP la
loai nhya dé chay, mau chay manh va hoan toan
(Hinh 2), khong dat chuan nao trong UL-94V
ciing nhu UL-94HB. Két qua UL-94HB do dugc
toc do chay cua mau l1a 23,0 mm/phit. Khi su
dung chéng chay TPP véi ham lugng 30 wt%
(UPTPP4), mau tuy van khong dat chuan UL

94 V nhung da c6 cai thién dang ké khi khdng bét
chay & lan d6t thir nhat, tuy nhién sau lan dbt thi
hai mau bit dau chay nhung chay voi ngon lira
nho, toc do chay cham (Hinh 2). V6i UL-94HB,
mau dat chuan HB, ngon lira khéng lan ra va tit
trong khoang 25 mm danh dau dau tién (Hinh 3).
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Hinh 3. Hinh anh UL 94HB ctia (A) UP va (B, C) UPTPPy.

Str dung chat chdng chay AHP vai ciing ham
luong nhu TPP, két qua cho thady miu khong dat
chuin UL 94V va UL 94HB, tuy nhién téc do
chéy cua mau giam tir 23,0 mm/phut (ddi véi UP)
xudng con 154 mm/phat (d6i véi mau
UPAHP3). Tir két qua trén cho thay viéc st dung
TPP vé&i ham lugng 30 wt% da cai thién kha ning
chéng chay cua vat liéu hiéu qua hon so véi su
dung phu gia chéng chay AHP véi cing ham
lwong. Tuy nhién, TPP ngoai vai trd la chét
chdng chay con thé hién kha ning hoa déo vat
lieu. Vi vay, dé giam tac dung hoa déo cua TPP,
ching toi st dung AHP phéi hop vé6i TPP nhiam
giam ham lugng TPP, ngoai tdc dung tang tinh
khang chay, con gilp cai thién tinh chét co 1y cua
mau. Véi cac ham luong phéi tron gitta AHP va

TPP (Bang 1), két qua tét nhét thu dugc khi két
hop 10 wt% AHP va 20 wt% TPP, miu bat chay
sau lan dét thur hai va chay véi ngon hira nho, tuy
khong dat chuan nao trong UL 94V nhung dat
chuan UL 94HB. Mau véi ham lugng 15 wt%
AHP va 15 wt% TPP tuy bat chay ngay tir lan d6t
d4u tién nhung van dat chuin UL 94HB.

Co ché chong chay cia TPP dugc biét téi
chu yéu trén pha khi. Duéi tac dung cua nhiét do,
TPP phan huy tao thanh cac goc tu do bt cac
tdm hoat dong gy ra qué trinh chay va uc ché
qua trinh chay xay ra [6, 10], trong khi AHP hoat
dong cha yéu & pha rin theo co ché hinh thanh
I6p bao vé bén nhiét bao phu bé mat vat liéu bén
trong. Vi vay, viéc phdi hop AHP/TPP da cai
thién déng ké kha ning chong chay cua vat liéu.
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Hinh 4. Gian 6 TGA ciia cac miu UP, TPP, AHP, UPTPP,5AHP;5, UPAHP;, va UPTPP,.

Két qua phan tich nhiét

Két qua phan tich nhiét caa UP, phu gia
chéng chay va UP/phu gia chéng chay duoc thé
hién trén Hinh 4.

Gian dd TGA cua TPP cho thy, dudi tac
dung nhiét, TPP bi phan hay hoan toan vé6i nhiét
bit dau & khoang 200 °C. Diéu nay cho thiy TPP
hoat dong chu yéu & pha khi, két qua nay kha phu
hop Vvéi cac két qua chdng chay da duoc dé cap ¢
trén (Bang 1). So véi TPP, AHP c6 nhiét do bat
dau phan hay ¢ khoang 150 °C va dé lai ham
luong 16p ran déang ké (73,90 %) tai 650 °C.

So vé&i UP thi duong cong TGA cua cac mau
UP/chat chéng chay c6 su thay doi ro rét. Mau
UP véi mot bude phan hay nhiét, qua trinh mat
khdi lwong cham & 244,4 °C, bit dau giam nhanh
khdi lugng tai 343,4 °C va dé lai ham lugng 16p
than 1a 0,98 % tai 600 °C. Khi c6 mit phuy gia
chéng chay, cic miu déu cho thdy sy phan hay
som hon trong giai doan dau, nhung bit dau ¢
khoang 380 °C mau bén nhiét hon nhiéu so vdi
miu UP khong c6 phu gia chdng chay. Ham

luong 16p than con lai tai 600 °C cua
UPTPPisAHPys (14,25 %) va miu UPAHP3
(29,12 %) tiang dang ké so voi UP (0,98 %).
Riéng d6i v6i mdu UPTPP, ham luong 16p than
con lai 1 0,69 % tai 600 °C, nhu vay, TPP khong
cho thiy c6 su dong gdp nao trong sy hinh thanh
16p char.

Két qua thu dugc tir phan tich TGA mét lan
nita khiang dinh co ché chong chay trén pha khi
cua TPP, su dong gop TPP vao 16p than khong
dang ké. Trong khi d6, AHP thac ddy su hinh
thanh 16p than. Lop than nay bén nhiét, bao phu
bé mat vat liéu nén UP, ngan can su tiép xic cua
oXy Vi bé mat polymer va su thoét ra cua cac khi
dé chay.

Két qua phan tich IR

Dé hiéu thém co ché chdng chéy cua cac phu
gia trén nhya nén UP, ching t6i tién hanh phan
tich IR I6p than ctia cac mau sau khi nung mau &
500 °C. Két qua phan tich dugc thé hién trong
Hinh 5.
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Hinh 5. Két qua IR phén tich 16p than cila cic miu sau khi nung & 500 °C.

Két qua IR cho thdy, ngoai nhitng miii dao
dong dac trung cho UP xuét hién & khoang 1700
cm™ coa C=0, 1600 cm™ cua C=C thi trén két
qua IR cua mau UPAHP; con c6 thém cac mili
dao dong & khoang 1100 — 1300 cm™ dic trung
cho dao déng cta nhém P-O va P=0, dao dong
ciia nhém O-H & khoang 3500 cm™. Tir céc dit
kién trén chang t6i két luan c6 sy hinh thanh cua
acid phosphoric va cac dan xuat cua hop chat
phosphor (polyphosphate) tao thanh 16p rin bén
nhiét bao phu bé mat vat liéu polymer, gitp cho
vt liéu bén nhiét hon, tc ché qua trinh chay trén
bé mat lam vat liéu kho chay hon. Két qua nay
phu hop véi két qua TGA va UL 94 da dé cap o
trén.

KET LUAN

Tong hop thanh cong chat chéng chay AHP,
la mot chat chong chay phi halogen, than thién
mdi truong va [& mot trong nhitng hudng nghién
ctru toi wu nham han ché va cai thién tinh chat
chdng chay cua vat lieu polymer, giam thiéu
nhitng thiét hai to 16n do qué trinh chay gay ra.

Vé6i su hién dién cua phu gia chéng chay
AHP ¢ ham lugng 30 wt% tuy khong dat dugc
chuén UL 94V nhung ciing cho thay kha nang cai

thién phan nao tinh chay cua nhua, van téc chay
cua vat liéu giam va nang cao tinh chét nhiét cua
vat liéu.

Két hop AHP/TPP véi ham luong 10 wt%
AHP/20 wt% TPP da cai thién kha ning chong
chay cua vat liéu, mau dat chuin UL 94 HB.VGi
chuan UL 94 V, mau khéng bit chay & lan dot
thir nhat. Tinh chét nhiét cua UP/phu gia chdng
chay da cai thién rd rét so véi tinh cht nhiét cua
UP.UP/AHP va UP/TPP/AHP vdi téc do phéan
hiy nhiét cham hon tdc d6 phan hay nhiét cua
UP va ham luong I6p than ting 1én dang ké. Co
ché chéng chéy cua AHP dién ra theo co ché hinh
thanh 16p bao vé rin bén nhiét bao phu bé mat
vat liéu UP. Lop bao vé nay ¢ tac dung ngén can
su tiép xdc cua oxygen, nhiét v6i bé mat polymer
va ngin can sy thoét ra cua cac khi dé chay. Tuy
nhién, véi nhya UP, co ché chéng chay chu yéu
thé hién ¢ pha khi do d6, khi két hop voi chit
chéng chay TPP va AHP cho hiéu qua chdng
chay t6t hon so véi chi sir dung AHP.

Loi cam on: Nghién ciru nay duwoc tai tro boi
Dgi hoc Quoc gia Thanh pho Ho Chi Minh
(PHQG-HCM) trong khudn khé de tai ma so
C2013-18-4. Nhém tac gid chan thanh cdm on!
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ABSTRACT

Aluminium hydrogen phosphite (AHP)
was synthesized in order to investigate their
flame retarding performances for
unsaturated polyester (UP). AHP and
triphenyl phosphate (TPP) flame retardants
were studied to increase fire resistance and
thermal stability of materials. UL 94HB rating
is achieved at 15 wt% AHP - 15 wt% TPP
loading. Sample with 30 wt% loading of AHP
has the burning rate slower than that of neat
UP. The incorporation of FR increases the

flame retardant properties as well as the
amounts of charred residues protecting the
mixture from further degradation. This
assertion can be accepted when observing
that the char yield of UP/FR mixtures at 500-
650 °C is much higher than that of neat UP.
The char layer may limit the amount of fuel
available and insulate the underlying
polymer from the flame and, thus, make
further degradation more difficult.

Keywords: non-halogen flame retardants, unsaturated polyester flame retardants.
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