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Nghién ciru 4nh hwéng ciia cac thanh phan dén tinh chat
cia hat nhya compound chong chay trén co sé polyetylen

Trén Vii Thing', Hoang Thi Phuong", Duong Ngé Vu2, Pao Thi Phwong Hong?

"Vién Hod hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam
’Cong ty TNHH Céng nghé va Dich vu Thuwong mai Lac Trung

Ngay nhan bai 13/9/2021; ngay chuyén phan bién 17/9/2021; ngay nhén phan bién 14/10/2021; ngay chip nhan ding 22/10/2021

Tom tit:

Trong bai bao nay, anh huéng cia sw két hop cac phu gia chong chay ATH/MPP (nhém hydroxit/melamin
polyphotphat) va cac chit phu gia khac nhw kém stearat (ZnSt) 1én mét s6 tinh chit ciia hat nhua polyetylen (PE)
compound chdng chay trén co sé hat nhwa polyetylen ty trong thip (LDPE) da dwoc nghién ciru. Tong ham lwong
chit chong chay dwgc sir dung 1a 35% vé khdi lwgng. Céc dic tinh co hoc (39 bén kéo va giin dai khi dirt), dd on
dinh nhiét va kha ning chdng chay dwoc xac dinh bing cac phwong phap twong ing ASTM D638, phan tich nhiét
trong lwong (TGA), kinh hién vi dién tir quét (SEM) va thir nghiém UL-94. Két qua thu dwoc cho thay, sir dung két
hop ATH/MPP da lam tang kha nang chéng chay va d¢ bén nhiét ctia hop chit PE. Kha nang chéng chay tot nhat 1a
mau CT ,(15%ATH/20%MPP/2%ZnSt). Gia tri do bén kéo va giin dai khi dirt c6 xu hwong tang nhe khi tang ham
luwgng MPP va dat cuc dai ddi voi mau chi chira MPP. Két qua chup SEM cho thay, viéc bo sung ZnSt da cal thién
sw phan tan cia ATH va MPP trong nén PE. Anh hwéng cia cac phu gia chong chay va ZnSt dén gia tri chi 50 nong

chay ciia hop chét PE ciing dwoe khao sat.

Tir khoa: LDPE, melamin polyphotphat, nh6m hydroxit, phu gia chéng chay.

Chi s6 phén loai: 2.4

Pat van de

PE 1a loai nhya quan trong dugc st dung phé bién trong
doi séng sinh hoat cling nhu san xuét. Ngay nay, nhu cau
su dung hat nhya PE ngay cang tang trong cac thiét bi dién,
day va cap dién, duong Ong xdy dung, tam lop..., vi do bén
co hoc, kha nang khang hoa chat tdt, nhe, cach dlen t6t va
kha nang gia cong dé dang... Py déu la nhing tmg dung
¢6 yéu cau chdng chay 'nghiém ngat. Tuy nhién, PE 1a mét
trong nhiing vat liéu d& chay nhat, khi chay dé lai it hodc
khong dé lai than can. Hon nita, PE nho giot khi chay nén
dé dan dén chay lan [1]. Vi vay, dé ting cuong kha ning
chéng chay cho vat liéu nay, cach phé bién 1 sir dung phu
gia chdng chay. Cac phu gia chéng chay c6 nhiém vy chinh
la ngan can va dap tat qua trmh chay thong qua co ché: tao
16p bao vé trén bé mit pha rin va dap tit gc tu do hoat
dong trén pha khi.

C6 nhiéu phuy gia chong chay hiéu qua cho PE nhu cic
chat chdng chay chira halogen, ATH... Trong d6, do van
dé 6 nhiém méi trudng nén ATH l1a phu gia chéng chay
hién nay dugc st dung rong rai trong polyme nho gid ré,
khong doc nhu chat chdng chay chira halogen. Trong qua
trinh phan huy thu nhiét cia ATH, né s& liy nhiét tir moi
truong xung quanh, do d6 lam cham qua trinh phan huy
ctia chit nén polyme. Nudc ciing dugc giai phong va lam
loding cac chat bay hoi d& chay dugc tao ra bai polyme.
Hon nita, ATH phan huy thanh AL O, tich ty trén bé mit cua
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mau, tao thanh mot 16p ngin cach nén polyme v&i ngudn
nhiét. N6i chung, ATH vira la chit don, chng chay va chat
phan tan khoi trong vat liéu polyme. Tuy nhién, dé dat duoc
hiéu qua chdng chay phai sir dung ATH véi ham lugng cao
(khoang 60% trong lwong). Didu nay c6 anh hudng tiéu cuc
dén tinh chat co 1y cuia vat liéu polyme. Nhimng van dé nay
¢6 thé dugc giam thiéu bang cach sir dung két hop ATH voi
céc chét chong chay khac dé giam téng ham luong phuy gia
chdng chay duoc sir dung [2].

ATH c¢6 thé sir dung két hop véi cac chit chong chay
trén co s¢ photphat nhu amoni photphat, MPP... Trong d6,
MPP la chét chong chay khong chira halogen dién hinh ¢
chtra cac thanh phan nito va phét pho. MPP ¢6 uu diém 1a
khong ddc, it khoi, khong an mon va co6 kha nang tao ra cac
san phdm c6 mau sang so vGi phot pho do dugc st dung
rong rai hién nay [3]. MPP chu yéu dugc su dung két hop
v6i cac chat chong chay khac, nhu mudi phdt phat kim loai,
hydroxit kim loai va cac hop chat phét phat. No duoc dic
trung boi tinh 6n dinh nhiét t6t va it anh huong dén nhiét do
thity tinh hoa (Tg). Dudi tac dung cia nhiét, cac dan xuat
melamin bi phan huy theo cach thu nhiét (tan nhiét) va giai
phong cac hop chit khi chta nito tro (vi du amoniac) lam
lodng 6xy va cac khi dé chay trong dam chay. Khi phan huy,
axit photphoric ciing duoc tao thanh va thac ddy sy hinh
thanh 16p than cach nhiét trén bé mat cia polyme [4].

Xu thé hién nay 1a sir dung compound chéng chay trén
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Abstract:

In this paper, the effects of a flame retardant system
combining ATH/MPP (aluminum hydroxide/melamine
phosphate) and the other additives such as zinc stearate
(ZnSt) on some properties of flame retardant PE compound
based on LDPE were studied. The total flame retardant
content was 35% by weight. Mechanical properties (tensile
at break, elongation at break), thermal stability, and fire
resistance were determined by the respective methods
ASTM D638, thermogravimetric analysis (TGA), scanning
electron microscope (SEM), and UL-94 test. The obtained
results showed that using the combination of ATH/MPP has
increased the fire resistance and thermal stability of the PE
compound. The sample CT, (15%ATH/20%MPP/2%ZnSt)
achieved the best fire resistance. The mechanical properties
increased slightly when increasing the content of MPP and
reached the maximum for samples containing only MPP. The
SEM micrographs showed that the addition of zinc stearate
improved the dispersion of ATH and MPP in the PE matrix.
The effect of flame retardant additives and zinc stearate on
the melt index value of the PE compound was also surveyed.

Keywords: aluminum hydroxide, flame retardant additives,
LDPE, melamine phosphate.

Classification number: 2.4

co s& PE nho wu diém: sy phan tan phy gia trong nhyra dong
déu hon, giam nhiing cong doan trdn phuc tap, gidm chi
phi v¢ sinh thiét bi. Hat nhua compound chéng chay dugc
ché tao tir nhya nén, phu gia chéng chay va céac phu gia
khac. Trong bai b4o nay, ching toi tap trung nghién ctru anh
huong cua td hop phu gia chdng chay ATH/MPP va phu gia
ZnSt dén kha ning chong chay, tinh chit co 1y, tinh chat
nhiét va chi sé chay (MI) cuia hat nhya compound nay.

Nguyén liéu va phuong phap nghién ciiu
Nguyén liéu

ATH v6i D,=1,772 um (Trung Qudc) va MPP véi
D <5 pm (Trung Qudc). LDPE ¢6 ty trong 0,92 g/cm?, MI

(190°C, 2,16 kg)=3,5 g/10 phut (Malaysia). ZnSt dang bdt,
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mau trang, nhiét d6 nong chay 120°C (Viét Nam).
Phwong phap

Phirong phép chuan bi mau: LDPE va phu gia dugc siy
& 70°C trong 4 gid. Ham lugng phu gia chdng chay dugc st
dung 13 35% véi cac ty 1& khdi lugng ATH/MPP khac nhau:
25/10,20/15, 15/20. Ham lugng phu gia phan tan ZnSt dugc
thém vao 2% khdi luong. Thanh phan PE compound chong
chay cu thé dugc dua ra & bang 1. Hat nhya PE compound
chéng chay duogc ché tao bang phuong phap trén néng chay
& 160°C, toc do 50 vong/phut, thoi gian 10 phut trén thiét
bi tron kin Brabender Plasticor (Ptc, Vién Hoa hoc). Sau
d6, mau duoc lay ra va ép thanh tam c6 kich thudc 110x110
mm, do day 3,2 mm & 160°C dudi tai trong 5 Mpa.
Bang 1. Thanh phin cac cong thirc PE compound chdng chay
khao sat.

Thanh phén theo khéi lwong (%)

STT In?él:ngu i Phu gia chong chdy P 'll;r‘;l;ggl;l:/(:;
ATH MPP
1 CT, 35 0 65 100
2 CT, 25 10 65 100
3 CT, 20 15 65 100
4 CT, 15 20 65 100
5 CT, 0 35 65 100
6 CT, 2 20 15 63 100
7 CT 2 15 20 63 100

7

Phwong phap phan tich, danh gia: thir nghiém kha nang
chéng chay duoc thuc hién trén thiét bi do d6 bén chay GT-
MC35F-2 (btic) theo tiéu chuén UL-94 tai Vién Hoéa hoc.
Mau thi nghiém dugc d6t boi mot ngon ltra moi chay sau 10
giay va ghi lai thoi gian chay t , néu ¢ sy ty tat chay thi tiép
tuc moi chay 10 glay va ghi lal thoi gian chay t,. Sau khi tat
chay 1an 2 ¢ thé mau con tan than du, thoi gian dugc ghi
la t,. Theo do, ca 3 méc danh gia kim ham va chdng chay
cua polyme la V-0 (kha nang kim ham va chong chay tét),
V-1 (kha ning kim him va chong chay tot nhat) va V-2 (kha
ning kim ham va chong chay trung blnh) Thoi gian chay
cang giam thi kha nang chéng chay cang tét.

Thir nghiém co 1y: duoc thyc hién theo tiéu chuan ASTM
D 638 trén thiét bi do co 1y da nang AI-7000M (Puc, Vién
Hoa hoc).

Hinh thai hoc bé mat duogc quan sat trén SEM - JSM -
6510LV (Joel, Nhat Ban) tai Vién Ky thuat nhiét déi. Bé
mit mau dugce phit mot 16p bac mong bang phuong phap
bdc hoi trong chan khong dé ting do tuong phan.

TGA dugc xéac dinh trén thiét bi TGA 209F1, Netzsch
(Ptc) tai Vién K¥ thuat nhiét déi. Mau dugc dung trong
chén platin, gia nhiét véi tdc d6 10°C/phut trong mdi trudng
khong khi tir nhiét d6 phong dén 900°C.
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Thtr nghiém MI: do ¢ 190°C voi tai trong 2,16 kg theo
tiéu chudn ASTM D 1238 bing thiét bi do MI BP-8164-A
instrument (Trung Qudc) tai Cong ty TNHH Céng nghé va
Dich vu Thuong mai Lac Trung.

Két qua va thio luan

Ddinh gia khd nding chéong chdy cia hat nhwa PE
compound chong chady

Kha ning chdng chay cta vat liéu duoc danh gia trén céc
mau thong qua thoi gian chdy t, t, va t; sau cac lan d6t thur
nghiém theo tidu chuan UL-94. Két qua duoc trinh bay ¢ bang 2.
Bang 2. Két qua thtr nghiém UL-94 ctia PE compound chira ty Ié
ATH/MPP khac nhau.

Thoi gian chay

Ky hi¢u miu Xép loai
t, t,
CT, - - HB
CT, 13,2 12,7 V-2
CT, 12,4 11,8 V-2
CT, 10,8 10,5 V-1
CT, 12,6 11,9 V-2
CT, 11,8 11,3 V-2
CT 10,4 10,1 V-1

7

Ghi chti: HB: mau chay theo ngon Ira & vi tri ngang véi toc dd it hon 3 inch/
mm, c6 kha nang tu dap Ira nhung xép loai thAp nhat trong UL 94; V-2: mau
chay trong vong 60 gidy véi ngon Itra & vi tri doc, cd nhd giot, xép loai nay tét
hon HB; V-1: mau chdy trong vong 60 gidy v&i ngon Itra & vi tri doc, khéng nhd
giot, xép loai nay tét hon V-2.

Két qua cho thiy, mau chira ATH ham luong 35% (CT)) chi
dat chong chay theo phuong ngang (HB). Khi két hop them
MPP, kha ning chong chdy cua vat liéu c6 xu hudng tang lén.
Trir CT,, cac mau con lai déu tu dap tit sau 2 lan dot nén t,
duoc 10a1 bo. Piéu nay co thé 1a do ATH va MPP c6 kha nang
thu nhiét sinh ra tir PE compound chay ¢ nhi¢t d§ cao nén gop
phén lam giam kha nang chay cua PE compound. Khi thay thé
toan bd ATH bang MPP (CT,) thi kha nang chdng chay lai giam
di so v6i CT, va dat mirc chong chay V2. Thoi gian chdy cua
cac mau chua két hop ATH/MPP déu thip hon méu chi chira
ATH hodc MPP. Nhu véy da c6 tac dung hiép dong giira MPP
va ATH lam tang hi¢u qua chdng chay 1a do hinh thanh AIPO,
hodc céc san pham hitu co khéc c6 thé lam loang cac khi de
chay va thuc ddy hinh thanh 16p can than, 16p cin nay tich tu
trén bé miat polyme tao thanh 16p bao vé ngan can su tiép xuc
véi 6xy khong khi [5].

Khi bo sung 2% ZnSt (CT,, CT.) thi thoi gian chay t , t, déu
giam so Vi mau tuong ing ma khong 6 ZnSt (CT,, CT ) Két
qua nay co the do tac dung lam tang kha nang phéan tan ATH va
MPP vio nén nhya PE cta ZnSt. Sy phan tan tt hon giup cho
céc hat chat chdng chay phan bb dong déu trong nén PE, do do
lam tang hidu qua chdng chdy cua vat liéu nay.

Nhu vy, qua thr nghiém chong chdy, mau CT, c6 kha nang

chong chay t6t nhat trong cac mau khao sat do th(n gian chay
thap nhét va dat xép loai V-1 theo tiéu chudn UL-94.
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TGA

TGA dugc thyc hién dé xdc dinh d6 6n dinh nhiét cua vt
liéu ndi chung va vat liéu nhua chong chay noi riéng. Két qua
TGA duogc trinh bay ¢ hinh 1.
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Hinh 1. Két qua TGA.

Két qua hinh 1 cho thay, t6 hop chi chira ATH (CT ) bt
dAu phan huy nhiét & khoang 300°C va c6 2 giai doan mét khoi
luong chinh. Pidu nay 1a do ¢ nhiét do nay nudc bat ddu giai
phong khoi tinh the ATH di vao pha khi, dn dén hinh thanh tai
chd mét 16p khoang ALO, [6]. Mau PE chi chira MPP bét dau
phan huy nhiét & gan 400°C khi d6 cac nhom photphat tré nén
co tinh axit va xuc tac phan (g ngung tu gitta cac vi tri hoat
dong trén chudi polyme trong chit nén, ddn dén sy hinh thanh
16p than & bé mit khi chdy. Melamine phan huy dong thoi,
giai phong khi nito tro va lam cho 16p than ng ra. Lop chin
duoc hinh thanh vira ngan khong cho 6xy tlep can polyme, vira
giam thiéu su thodt ra ngoai ciia cac san pham chay, gitip dap
tat ngon lira mot cach hiéu qua [7]. O cac miu c6 su két hop
ATH va MPP, nhiét do bét dau phan huy cao hon 400°C va khoi
luong mau con lai 16n hon khi chi chira ATH hodc MPP. ATH
két hop MPP khi phan huy nhiét s€ tao thanh 16p AIPO, hoac
cac san pham hiru co khac co thé lam loang cac khi dé chay
va thic day hinh thanh 16p can than, 16p can nay tich tu trén
bé mit polyme tao thanh lop béo v€ ngan can su tlep xuc véi
oxy khong khi [5 ] Luong chat con lai 16n hon ¢6 thé 1a do 16p
AIPO, tang do bén véi nhiét cua 16p khoang AlLO, va l6p can
than. Nhu vay, khi két hop ATH va MPP da cai thlen dang ké
d6 bén nhiét ciia PE compound chéng chay.

Tinh chit co ly

Tinh chat co 1y ciia hat nhya compound phu thudc nhiéu
vao qua trinh phéan tan va tuong hop cua cac thanh phan phu
gia trong nhya nén. Két qua ¢ bang 3 cho thay, g1a tri d bén
kéo va gidn dai khi &t cia cac mau déu thap hon mau chi chira
MPP (CT)). Gid tri co Iy thap nhat & mau chi chira ATH (CT)).
Khi két hop MPP vao thi d6 bén kéo va gidn dai khi dut ¢6 xu
huéng ting nhe so voi mau chi chita ATH va dat cao nhét khi
thay thé hoan toan ATH bang MPP. Hién tugng nay c6 thé 1a do
ATH 1a chit khoang v6 co nén c6 kha nang tuong thich kém véi
nén nhua, con MPP 1a loai chit chong chay hitu co c6 kha ning
tuong thich cao hon nén lyc bam dinh manh hon.



Bang 3. Két qua do dé bén kéo dirt va dé gian dai khi diet.

o x Chi tiéu co' ly
Ky hi¢u mau <
Dy bén kéo dirt (Mpa) D9 gian dai khi duct (%)

LDPE 22,6+0,20 186,1+3,5
CT, 14,5+0,26 40,2+1,2
CT, 15,7+0,25 65,1+1,5
CT, 16,8+0,21 78,6+2,1
CT, 17,5+0,19 92,3+£2,6
CT, 18,9+0,28 133,1+3,7
CT, 17,8+0,19 80,3£1,6
CT 18,4+0,18 93,5+1,8

7

Céc mau CT,, CT, duoc bo sung thém 2% ZnSt tao thanh 2
mau mdi la CT, va CT,. Kt qua thu nghi¢m cho thay, d6 ben
kéo va gian dai khi dut dugc cai thién nho bo sung ZnSt. Diéu
nay c6 thé 1a do tac dung ting cudng su phan tan cia ZnSt,
gitip cho céc hat phu gia chong chay phan tin vao nén nhya tot
hon. Nho d6, cau tric vat liéu dong déu hon nén tinh chat co
Iy t6t hon.

Hinh thdi hoc bé mt

Hinh énh SEM bé gay bé mat clia cac mau duge thé hién &
hinh 2. Tir hinh anh SEM (A) dén (E) cho thdy cac hat MPP va
ATH phan tan kém trong nén nhya. B& mat min hon duoc thé
hién trong anh SEM (F) va (G) la cac mau c6 chira 2% ZnSt,
da ching minh ring cac hat ATH, MPP phan bd dong déu hon
khi so sanh v&i mau cung ham lwong ATH va MPP. Cac pha
ATH va MPP xuat hién khong 16 trong (F) va (G) 1a do ZnSt da
gitip phan tan déu cac pha ATH va MPP trong nén nhya PE.

Hinh 2. Hinh thai hoc bé mit cét cua cac mau. (A) CT, (PE/ATH-
35%), (B) CT, (PE/MPP-35%), (C) CT, (PE/ATH-25%/MPP-10%), (D)
CT, (PE/ATH-20%/MPP-15%), (E) CT, (PE/ATH-15%/MPP-20%), (F)
CT, (PE/ATH-20%/MPP-15%/ZnSt-2%), (G) CT,(PE/ATH-15%/MPP-
20%/ZnSt-2%.
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MmI

MI dac trung cho su 6n dinh ciia polyme trong qué trinh
tron nong chdy. Anh huong cua ty 1¢ ATH/MPP va ZnSt dén chi
s0 chay dugc trinh bay ¢ bang 4.

Bang 4. Két qua do MI.

LDPE CT, CT, CT, CT, CI, CT, CT,

Gia tri MI (g/10 phut) 3,45 51 192 21 235 25 342 343

Ky hiéu mu ,

Két qua cho théy, phu gla chéng chdy lam giam dang ké
MI cua nhya PE ban dau va gia tri MI rat khac nhau ¢ céc ty 1€
ATH/MPP khac nhau. Nhung khi bd sung ZnSt (CT,, CT,) thi
MI tang Ién va c6 sy khac nhau khong dang ké khi tylé ATH/
APP thay doi. Két qua nay chi ra rang ZnSt gitp on dinh MI
cua vat liéu.

Két luan

Su anh hudng clia mot s6 loai phu gia chéng chay va ty 1¢
thanh phin ATH/MPP dén tinh chat hat nhya PE compound
chdng chay da duoc nghién ctru. Két qua cho thay, cac gia tri co
1y ting nhe khi ham lwong MPP ting va dat 16n nhat khi mau chi
chira MPP. Két hop ATH/MPP ciing gép phin lam ting do on
dinh nhiét va tang nhe khi lugng con lai sau nung.

Khao sat anh hudng ciia phu gia trg phan tan ZnSt dén mot
s0 tinh chét cta hat nhya PE compound chéng chay. Qua anh
SEM cho théy, sy phén tan ciia ATH, MPP hoic ATH/MPP trong
nén PE chua t6t. Khi bo sung 2% ZnSt gitip cai thién sy phan
tan cia ATH/MPP nén lam ting hiéu qua chdng chay, cai thién
d6 bén kéo va gian dai khi dut, on dinh MI cho PE compound.

_ Thir nghiém UL-94 cho thz?iy, trong cdc me:luq khao sat thi
mau dat kha nang chong chay tot nhat khi chira t6 hop phu gia
15%ATH/20%MPP/2%ZnSt, xep loai V-1.
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