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TOM TAT

Nhdm muc dich ndng cao kha nédng
chéng chay, tdng kha ndng chiu nhiét va mé
rong pham vi (ng dung cda vat liéu
composite, ching téi tién hanh khao sét kha
ndng chbng chéy cua hop chét chbéng chay
phi halogen trén nén composite PVC-bét g
(PVC-BG). Hiéu qué cua phu gia chéng chéy
diammonium hydrogen phosphate (DAP)
trén nén composite da dwoc danh gia bang
phuong phap UL-94, LOI, va phuwong phap
phan tich nhiét trong Iwong TGA. V&i ham

lwong DAP thém vao 1,5 wt% da cai thién
déng ké kha ndng chéng chay cua vét liéu,
mau dat chuén t6i wu UL94 V-0 va gia trj LOI
dat 23 %. Két quéd TGA cho thdy c6 sw
twrong tac gitra DAP va PVC-BG tao thanh
céac |6p rén cau truc mang bén nhiét bao phu
bé mat vat liéu, ndng cao tinh chét nhiét cla
vét liéu & ving nhiét dé Ion hon 400 °C. Tinh
chét co Iy ciing duoc khdo séat dé danh gié
anh huwéng cta chéat chbéng chay lén déc tinh
co ly caa vét liéu.

Ttr khéa: DAP, Composite PVC-BG, V4t liéu composite chdng chéy.

MG PAU

Ngay nay, cdc san pham composite nhua —
g6 ¢6 ung dung rong réi trong cudc sdng, dac biét
la trong kién trc va trang tri noi that do bai cac
tinh ning vuot troi nhu chdng tham, chéng mai
mot, co do bén cao, cd tinh tham my, va tan dung
dugc ngudn nguyén liéu gd phé thai [1].

Polyvinyl chloride (PVC) la mét trong nhiing
loai nhya phd bién duoc sir dung trong composite
nhya — gb. Mic di PVC ¢6 chira ham luong clor
cao nén c6 kha nang chéng chay tét, nhung voi
ham luong bot gb thém vao kha cao thi kha niang
khang chay cua composite PVC-BG giam rd rét
[2]. Chinh vi vdy, vin d& chdong chay cho

composite PVC-BG van dang 1a mdi quan tam
hang dau cho c4c nha san xuét trén thi truong.

Truéc day cac hop chit chéng chay chira
halogen thuong duoc sir dung rong rdi do ching
c6 hiéu qua cao trong viéc 1am giam kha nang bat
chéy cua polymer ¢ ham luong thap va dac biét 1a
gia thanh ré. Tuy nhién, hién nay cac hop chat
chéng chay chtra halogen d4 bi han ché sir dung
do ban than chidng sinh ra nhiéu chat doc hai, anh
hudng nghiém trong téi con ngudi va moi trueong
[3-4]. Do d6, cac nha nghién ciru dang dan dan
thay thé chling bang nhiing hop chét chong chay
phi halogen, cu thé 1a cac hop chét chong chay
chaa phosphor, cac hop chat chua nitrogen, va
hop chét hidroxyde kim loai.
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Diamonium hydrogen phosphate (DAP) la
mot trong nhiing hop chat chéng chay phi
halogen cho hiéu qua chdng chay tét, than thién
v6i moi truong va dic biét la it sinh ra khoi va
khi ddc trong qué trinh chay. Do d6 trong nghién
ctru nay chung t6i d4 s dung hop chit chéng
chay phi halogen DAP nham khao séat hiéu qua
cai thiéen tinh khang chdy cho nhya nén
composite PVC-BG.

VAT LIEU VA PHUONG PHAP
Hoa chat

Polyvinyl chloride (PVC) SG660 (Viét
Nam), Bot gd Hardwood 35E (Y), Polymethyl
methacrylate ~ (PMMA) (Han Qudc),
Diammonium  hydrogen phosphate (DAP),
Aminosilane, PE wax, stearic acid, va chat on
dinh nhiét (Trung Quéc).

Thiét bi va phwong phap phén tich

Panh gia kha ning chdng chéay cua vat liéu
theo phuong phap Underwriters Laboratories
Tests (UL - 94), theo tiéu chuin ASTM D635
nhu sau:

- Chuédn UL94 V-0: mAu tit trong vong 10 s
cho mdi lan ddt, thoi gian chay va phét
sang < 30 s, tong thoi gian chay cho 5
mau sau hai lan dét < 50 s. Mau khong
nho giot trong qua trinh chay.

- Chuédn UL94 V-1: miu tit trong vong 30 s
sau mdi lan dét, thoi gian chay va phat
sang < 60 s, tong thoi gian chay cho 5
mau sau hai lan dét < 250 s. Mau khong
nho giot trong qua trinh chay.

- Chuin UL94 V-2: twong tu nhu chuin
UL94 V-1, tuy nhién cho phép mau nho
giot trong qua trinh chay.

Khao sat do bén nhiét va do mat khdi lugng
bang phwong phap phéan tich nhiét trong luong
TGA (TGA Q500 V20.10 Build 36). Mau dugc
do trong khoang nhiét d6 30 — 700 °C, tc d¢ gia
nhiét 10 °C/phit trong méi truong khong khi.

Khao sét tinh chat co 1y cua vat liéu théng
qua may do udn Universal Tensile Testing
Machine, Cometech — bai Loan.

Ché tao composite PVC-BG/DAP

Bot g6 sau khi dwoc xtr 1i nuwéc néng, siy khd
hoan toan dem tién hanh bién tinh v&i aminosilan
va phu gia chéng chay DAP bang phuong phap
phun, sau d6 sdy kho, dem tron voi nhua nén
PVC va céc loai phu gia hd trg gia cong trong
may tron kin Haake & 170 °C, téc do truc quay 60
vong/phat trong khoang thoi gian 5-7 phdt. Sau
khi tron san pham duoc ldy ra va chuyén qua
may ép c6 gia nhiét dé tao thanh cac tim
composite ¢6 bé day 3 mm, nhiét d6 ép 1a 180 °C
va thoi gian ép la 10 phat.

KET QUA VA THAO LUAN
Kha niing chéng chay ciia hop chit chong
chay DAP trén neén PVC-BG

PVC la mét loai vat liéu dugc biét dén voi
kha nang ty chdng chay tot do boi ham lwong clo
cao [2]. Tuy nhién composite PVC — BG véi ham
luong BG I6n hon 50 wt%, kha niang bét chay
cua vat liéu tang 1én, vat liéu bat chay va chay
hoan toan.
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Bang 1. Két qua UL - 94V caa cac mau PVC-BG va PVC-BG/DAP.

Thoi gian chay
Méiu (s) UL - 94V LOI (%)
Lan 1 Lan 2
PVC-BG 15 Chay NC 23
PVC-BG/DAP; 8 3 V-1
PVC-BG/DAP. 4 2 V-0 24
PVC-BG/DAP: 0 0 V-0

NC: khong danh gia dugc theo chuan UL94 (khong dat chuan UL94)

Tir két qua & Bang 1 c6 thé thay rang mau
composite PVC-BG voi ham luong bot gd 13 60
wt% khong dat chuan UL - 94V, miu chay hoan
hoan & lan @6t thir 2. Véi sy hién dién cua hop
chat chdng chay DAP thém vao miu composite
V6i cac ham luong khac nhau tir 1 — 2,5 wt% da
cai thién ro rét kha nang chéng chay cua
composite. Mau PVC-BG/DAP; dat chuan UL94
V-1, tiép tuc tang ham lugng DAP Ién 1,5 - 2,5
Wt%, mau c6 kha ning chdng chéy téi uu dat
chuan UL94 V-0. Trong qué trinh chay, DAP
sinh ra khi NH; va H,O c6 tac dung pha lodng
c4c san pham sinh ra trong quéa trinh chay cua
composite. Ngoai ra DAP con gép phan tao 16p

than tro (I6p ran) trén bé mat polymer ngan can 100
su tiép xuc cua oxygen véi bé mat vat liéu, tir do 50 |
tao thanh mot 16p bén nhiét bao pha bé mit vat 9
lieu ngan khéong cho cac san pham dé chay thoat %6“ ]
ra ngoai [5-6]. 35 40
Gia tri LOI 1a ham luong oxygen thap nhat 20 —=—Dar

da dé duy tri sy chay cia mau. PVC 1a mét loai
vat liéu duoc biét dén véi kha ning chong chay
t6t. Tuy nhién khi két hop pha gia cuong bot gd
v6i nhya nén PVC, kha ning chéng chay giam
(LOI = 23 %). Vi su ¢6 mat cua phu gia chong
chay DAP ¢ ham luong khé thap (1,5 Wt%), gia

tri LOI ctia mau composite ting nhe (LOI = 24
%). Tir cac két qua trén cho thiy viéc sir dung
phu gia chdng chay DAP da cai thién dang ké
kha ning chdng chay trén nén composite PVC-
BG.
Két qua phén tich nhi¢t TGA ciia cic miu
composit PVC/BG va PVC-BG/DAP

Pé khao sat tinh chat nhiét cua vat liéu,
ching toi tién hanh phan tich nhiét trong luong
TGA vé6i khéi luong mau 2 — 10 mg trong diéu
kién khong khi, khoang nhiét @6 khao sat tir 30 —
700 °C voi toe d6 gia nhiét 10 °C/ phdt.

—#—PVC-BG
—a—PVC-BG J’DAPl 5

200 300 400 500 600 700
Temperature (°C)

100

Hinh 1. Gian dd TGA cua cac miu DAP, PVC-BG va
PVC-BG/DAP; 5.
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Bang 2. Két qua phan tich TGA cua cac mau DAP, PVC/BG va PVC/BG/DAP; 5.

Lwong chét rin
_ T: Ts
Méiu con lai & 600 °C
(’C) (’C) (°C)
(%)
DAP 153 - 329 406 — 554 2,0
PVC-BG 294 — 400 408 — 513 525 -613 3,9
PVC-BG/DAPys 282 - 400 408 — 538 544 — 675 20,1

T1, T2, Tz lan luot 1a khoang nhiét dé phdn huy cia giai doan thir nhat, giai doan thir hai, va giai doan thir ba.

Théng qua gian dd TGA (Hinh 1) va cac gia
tri dugc trinh bay ¢ Bang 2, mau composite
PVC-BG c6 ba giai doan phan huy nhiét chinh:
giai doan thtr nhat qué trinh phan huy nhiét xay ra
& khoang 294 — 400 °C tuong ung véi sy phan
huy coa cac thanh phan trong gd la
hemicellulose, cellulose, va mét phan lignin [7].
Ngoai ra khdi luong that thoét trong gian doan
nay ciing do su khir HCI ciia nhya nén PVC, ciing
V6i sy cat dut mach polymer. Giai doan thu hai
Xay ra trong khoang nhiét do tir 408 — 513 °C va
giai doan thir ba & 525 — 613 °C, day 1a hai giai
doan giam cap mach polymer va sy phan huy
nhiét phan con lai cua lignin.

Mau PVC-BG/DAP; 5 ciing c¢6 ba giai doan
phan huay nhiét chinh: & giai doan dau qua trinh
phan huy nhiét xay ra ¢ khoang 282 — 400 °C.
Trong giai doan dau cd nhiét 6 bat dau phan huy
thip hon so v&i giai doan ddu cia mau composite
khéng chaa hop chat chdng chay 1a do qua trinh
phan hay nhiét cua chét chdng chay DAP, ¢ giai
doan nay ciing c6 su phan hay cua nhiing thanh
phan trong bot gd la cellulose, hemicellulose va
lignin, dong thoi ciing 12 qué trinh giam cdp mach
PVC va khir khi HCI. Hai giai doan ké tiép la hai
giai doan phén huy mach carbon va phéan huay
nhiét cua lignin. Phu gia chdng chay DAP thém
vao d4 cai thién duoc phan nao do bén nhiét cua

mau composite & khoang nhiét do Ién hon 400
OC. DAP hoat dong theo co ché héa hoc va vat Iy.
Dud6i tac dung caa nhiét o, DAP phan huy nhiét
cho ra san pham NHs va H,0, tao hiéu tng pha
loAng va hinh thanh 16p rin P40y trén bé mat
polymer ngin chan nhiét, oxygen tiép xdc voi
bén trong vat liéu dong thoi ngan can su thoét ra
cua cac san pham chay va ngan khong cho bé mat
polymer tiép tuc bi dét néng. Qua trinh phan huy
nhiét caa DAP bao gdm cac phan ting sau [5]:

432K
(NHg)2HPO,(s) — 3 NH3(9) + NH4H,PO,(s)
(NH),HPO,(s) —22 g 2NH; (g) + H3POL(l)
482K

NH4H2PO4(S) —> NH3(g) + H3PO4(|)
432, 482K
2H3POL(l) =2y H,0(g) + H,4P,04(1)

> 482K

2HPO7(I) ———  4H,0(g) + P40;14(5)

Ham luong chét rin ¢ 600 °C ting tir 3,9 %
(PVC-BG) lén 20,1 % (PVC-BG/DAP;5) cho
thiy DAP d& déng gop hinh thanh 16p than tao
thanh 16p bao vé bao quanh bé mat vat liéu, lam
tang thém do bén nhiét cho nhwa nén. Trong sudt
qué trinh phan hay nhiét, DAP phan huy tao ra
phosphoric acid va polyphosphoric acid phan ung
Vv6i cac nhém OH caa bot g tao thanh 16p tro ran
c6 cAu trdc mang ludi bén nhiét wc ché qua trinh
chéy trén bé mat cua vat liéu [7]:
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o} o
R-OH + HO-P-OH ——>= R-O-P-OH + H,0
OH OH
nhém OH
c6 trong BG
o} o}
I mn O O
HO-P-OH HO-P-OH PN SO
OH OH -Ho HOTO go
OH OH ? S
HO-P-OH HO-P-OH HO-P~-0-H-O
o} o} o 0
Q 0 Q 0
HO-P-0—$-0~ R-0-P-0—P-0O~
R-OH + o 0 - . 6 0 + H,0
HO-P-0-p-0~ R-0-P-0-P-0~
0 O 0 O

16p than rén ¢6 ciu trac mang bén nhiét bao phu trén bé mat vat liéu

Hinh 2. Sy tuong tac gitta BG — DAP va qua trinh tao
16p than ran cau tric mang bén nhiét

Két qua khao sat tinh chét co' ly ciia PVC-BG
va PVC-BG/DAP

Két qua tir Hinh 3 va Bang 3 cho thay khi
phdi tron phu gia chéng chay DAP vao
composite PVC-BG cho gi4 tri modul uén va do
bén cua vat liu ting. Két qua nay khé tha vi vi
theo nhu mét s6 nghién ciru trude, thong thuong
khi phdi tron cac hop chat chong chay vao mau
composite thi tinh chat co 1y giam [7-9]. Diéu
nay c6 thé do ham lwong chit chéng chay DAP
duoc sir dung ¢ ham luong thip (1,5 Wt%) nén
khong lam giam cac tinh chat co 1y cua vat liéu.
Ngoai ra, trong qua trinh xir Iy bot gb véi phu gia
chéng chdy DAP va trong qua trinh gia cong ché
tao mau composite PVC-BG/DAP d4 xay ra su
twong tac gitta BG va cac dan xuit cua
phosphoric acid trong DAP (Hinh 2) tao thanh sy
twong hop tot gitra PVC-BG va chit chong chay
DAP, va vi viy lam ting cac tinh chét co 1y cua
vat liéu.

Bang 3. Két qua do udn ciua PVC-BG va PVC-

BG/DAP.
- Modul uén P bén udn
Mau
(MPa) (MPa)
PVC-BG 4768,93 + 222,91 50,71+ 7,22
PVC-
5572,86 £ 266,25 | 62,43 +4,32
BG/DAP15

§ 40 \ \

Hinh 3. Tinh chét co ly ciia composite PVC-BG va
PVC-BG/DAPys.

KET LUAN

DAP dugc phéi tron vao composite PVC-BG
v6i ham luong 1,5 wt% d4 cai thién dang ké kha
ning chdng chéy cia vat ligu. Két qua kiém tra
UL94V dat muc téi wu V-0, gia tri LOI dat 23 %.
Chat chéng chay DAP hoat dong & ca hai co ché
hoa hoc va vat ly. Dudi tac dung cua nhiét do,
DAP phén hay cho ra NHz va H,O c6 tac dung
pha lodng cac san pham sinh ra trong qua trinh
chay, lam giam nhiét do6 vung chay. Ngoai ra,
DAP con gép phan tao thanh 16p than rin bén
nhiét trén bé mat vat liéu ngin khong cho cac
chat d& chay va nhiét thoat ra, han ché sy tiép xtc
cua oxygen va nhiét véi vat lieu. Cac két qua
TGA ciing cho thay c6 sy twong tac gitra DAP va
PVC-BG tao thanh cac 16p ran cau tric mang bén
nhiét bao phu bé mat vat liéu, nang cao tinh chat
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nhiét caa vat liéu & vung nhiét d6 16n hon 400 °C.
Viéc phdi tron phu gia chéng chay DAP vao
composite cho két qua tinh chat co 1y cua mau
khong giam ma con dugc nang cao.

V6i céc két qua dat duoc nhu trén da gidp cai
thién hiéu qua kha ning chéng chay ma khong
lam giam tinh chit co 1y cua vat liéu, mé rong
hon nita pham vi ung dung cta composite PVC-
BG & cac mdi trudng dé chay. Diéu ndy ciing gop

phan bao vé méi truong va giam thiéu nhimng
tham hoa do cac qua trinh chay gay ra, vi vay da
g6p phan giam nhiing ton that vé kinh té cho xa
hoi.

Loi cam on: Nghién ciru nay duoc tai trg boi
Quy phadt trién khoa hoc va cong nghé quoc gia
(NAFOSTED) trong dé tdi ma so “104.02-
2013.12”. Nhom tac gia xin chdn thanh cam on.

Flame retardation performances of
non-halogen flame retardant applied to
composite PVC-wood flour
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University of Science, VNU-HCM

ABSTRACT

In order to improve the fire performance
of composite materials, halogen-free flame
retardant (diamonium hydrogen phosphate-
DAP) was studied in an attempt to obtain
UL-94 ratings for composite PVC-wood flour
(PVC-WF). The fire behaviors and thermal
stability properties were evaluated using UL-
94  vertical test, LOlI test and
thermogravimetric analysis (TGA). The UL-
94 test results show that V-O rating is
achieved at 1.5 wt% of DAP loading. The
incorporation of halogene-free  flame
retardant (FR) increases the flame retardant
Key words:
phosphate.

halogen-free 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 residual of
PVC-WF/DAP mixture at 600 °C is much
higher than that of neat PVC-WF. The char
layer may limit the amount of fuel available
and insulate the underlying composite
material from the flame and, thus, inhibit
further degradation. This FR is a promising
candidate that could replace the halogen-
based flame retardant.

PVC-WF composite, Diamonium hydrogen
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