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CHETAO VA DANH GIA TiNH CHAT |
CUA VAT LIEU NANOCOMPOZIT CHONG CHAY

TREN NEN POLYVINYL CLORUA

PREPARATION AND CHARATERIZATION OF FLAME RETARDANT NANOCOMPOSITE

BASED ON POLYVINYL CHLORIDE

TOM TAT

Trong nghién ctiu nay, vat liéu nanocompozit chdng chdy trén nén polyvinyl
clorua (PVC) d dugc ché tao thanh cong bang phuang phap tron kin trén co s6
phdi tron PVC véi cac phu gia chdng chay la nhom hydroxit (ATH), kém borat (ZB)
va nanoclay. Anh hudng cia phu gia chong chdy dén cu tric, tinh chét o Iy va
kha nang chdng chdy cla vat liéu PVC nanocompozit da dugc kho sat. Két qua
khi dua vao nén polyme PVC vdi ham lugng 5% ATH, 5% ZB va 1,5% nanoclay thi
vat liéu PVC nanocompozit cho khd ndng chdng chdy cao (gid tri LOI dat 31,2%)
va tong thai gian chdy (t,+t,) chi 1,2s. Cac tinh chét ca Iy nhu mé dun dan héi, do
bén kéo it va do dan dai khi dut cta vat liéu dat két qua tot, cac gia tri lan lugt
la 34,5MPa, 27,1MPa va 295,0%.

Tirkhéa: PVC, nanocompozit, ATH, ZB, nanoclay, chdng chdy.

ABSTRACT

In this study, flame retardant polyvinyl chloride (PVC) nanocomposites were
prepared successfully by melt blending in the internal mixer of PVC and
conventional fire retardants (aluminum hydroxide (ATH), zinc borate (ZB), and
nanoclay). The effect of flame retardant on the structure, mechanical, and fire-
resistant properties of PVC nanocomposites were investigated. The results showed
that in the nanocomposite with 1.5 wt% nanoclay, 5 wt% ATH, and 5 wt% ZB,
limiting oxygen index (LOI) reaches 31.2%, UL-94 V-0 rating was obtained (total
time of burn was 1.2 seconds). Moreover, mechanical properties of PVC
nanocomposite such as modulus of elasticity, tensile strength, and elongation at
break achieved good results, respectively 34.5MPa, 27.1MPa, and 295.0%.

Keywords: PVC, nanocompozit, ATH, ZB, nanoclay, flame-retardant.
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1.MG PAU

Polyvinyl clorua (PVC) la mot trong nhiing vat liéu dugc
téng hop nhan tao s6m nhat va ¢4 lich st dai nhat trong san
xudt cong nghiép [1]. Pay la mét polyme thuong mai rat
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quan trong va dugc Ung dung dé ché tao nhiéu loai san
phdm khac nhau [2]. V6i ham lugng clo cao (chiém 57%
trong lugng) nén PVC c6 kha nang chdng chay tét [3]. Tuy
nhién, cac vat liéu PVC compozit (ing dung trong thuc té hau
hét déu dugc b6 sung mot lugng 16n cac chat hoa déo dé dé
gia cong, su c6 mat cla cac chat hoa déo da lam giam kha
nang chéng chay ctia PVC [4]. Ngoai ra, d6 6n dinh nhiét
thap, dé bi oxy hda nhiét dugi tac dong cia nhiét d6 cao va
anh sang t ngoai nén kha nang uUing dung cta PVC ciing bi
han ché [5]. Do dé, cac nha khoa hoc trong nuéc va trén thé
giGi da va dang nghién ciu ché tao hé vat liéu PVC khac
phuc cac nhugc diém trén nham nang cao hon niia tiém
nang Ung dung cda PVC. Hién nay, vat liéu PVC
nanocompozit la loai vat liéu méi cé nhiing tinh ndng co ly,
ky thuat cao, kha nang bén nhiét va chéng chay tét, cé tinh
chat che chan (barie) t6t [6]. Vat liéu PVC nanocompozit gom
pha nén la PVC va pha gia cudng la cac vat lieu chéng chay
v cd c6 kich thudc nano mét. Vat liéu lai hitu co - v6 ca nay
hia hen tao ra mét hé vat liéu méi day trién vong lam san
phdm chéng chéy (ing dung trong cac nganh céng nghiép
xay dung. Hé vat liéu tich hgp mot cach téng thé cac loi thé
cla polyme hitu co va vat liéu vo co.

Trong s6 nhiing vat liéu chéng chay vé ca dién hinh thi
nhém hydroxit (ATH) va kém borat (ZB) la nhiing hgp chat
chéng chay phi halogen dugc lua chon st dung nhiéu va
rdng rai nhat bai gia thanh thap, phd bién, khéng doc hai
va c6 tinh tuong hgp t6t vai cac pha nén polyme [7]. Cac
cdng trinh nghién ciu mai day vé vat liéu chéng chay PVC
compozit cho thdy sy c6 mat cia ATH hay ZB trong qua
trinh chdy da han ché phat sinh ra chat khi doc hai gay an
mon, gidm lugng khoi va cho kha nang chéng chay tot [8].
Tuy nhién, cac tinh chat co ly cta vat liéu PVC compozit bi
suy giam do phu gia v6 co phan bé khéng déng déu trong
nén polyme hitu co. Trong khi d6, nanoclay (da bién tinh)
dugc biét dén la mot phu gia vé co chéng chay rat tét. Cac
I6p phylosilicat c6 thé mé rong, tham chi béc tach bai cac
phan ti htu co trong diéu kién thich hgp [9]. Hon niia, chi
mot lugng nhd nanoclay dua vao nén polyme c6 thé nang
cao tinh chat co ly, kha nang bén nhiét, kha nang chéng
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chay cho vat liéu [10, 11]. Nanoclay bién tinh kha than thién
vGi moi trudng va gia thanh ré hon nhiéu so véi cac phu gia
nano khac.

Trong nghién ctu nay, dé€ nang cao déng thai cac tinh
chat co ly va kha nang chng chay cho vat liéu PVC, vat liéu
PVC nanocompozit da dugc ché tao biang phuong phap
tron kin trén co s& phoi trén polyme hitu co nén la PVC véi
cac phu gia chéng chay vo co la ATH, ZB va nanoclay.

2. THUC NGHIEM
2.1. Nguyén vat liéu va héa chat

Nhua polyvinyl clorua (PVC, Nhat Ban) mac TH-1600,
dang bot mau tréng, hang sé Ficken KF = 62 - 63. Chat 6n
dinh bao gbm magie sterat va k&m sterat la nhiing chat bot
mau trdng, xuat x& Sigma - DPuc. Chat héa déo dioctyl
phtalat (DOP, Han Qudc), ty trong 0,986g/cm?. Nhéom
hydroxit (ATH), kém borat (ZB) la cac san phdm bot min,
xudt xt My. Nanoclay dugc ché tao khoang sét ty nhién
montmorilonit (Viét Nam) bién tinh véi  dimethyl
dioctadecyl ammonium chloride (xuit x& My) c6 khoang
cach 16p dyy, = 31,5A.

2.2.Téng hop vatliéu
2.2.1. Héa déo va én dinh PVC

Bot PVC nguyén sinh cung chat héa déo DOP (30% so
vGi khéi lugng bot PVC) va chat 6n dinh nhiét (1,5% magie
stearat va 1,5% kém stearat - so véi khoi lugng bét PVC)
trong bang 1 dugc tron déu, sau d6 0 nhiét & 85°C trong tu
sdy c6 khong khi tu nhién déi luu. Sau thai gian 3 gid, té
hgp PVC/DOP thu dugc & dang bét khé va toi.

2.2.2. Ché tao vt liéu nanocompozit chéng chdy trén
nén PVC

2.2.2.1. Ché tao cdc mdau PVC compozit

Cac mau PVC compozit (tor mau PVCO dén mau PVC7
trong bang 1) dugc ché tao theo cac budc: Trudc tién, hdn
hgp PVC thu dugc & muc 2.2.1 cung cac phu gia chéng
chdy vo ca la ATH va ZB (bdng 1) dugc trén so bd trong may
nghién Pulverisette 6 dé thu dugc bot min va tai. Sau d6,
hén hgp bot nay dugc nap vao budng tron cua thiét bi tron
kin Haake (Buc) da gia nhiét dén 170°C, t6c dé quay cua
roto la 60 vong/phut. Duéi tac ddng quay cla roto va nhiét
cung cap cho buéng trén, cadc nguyén liéu dugc tron déu va
chuyén sang dang chdy nhét. Sau 4 phat trén néng chay,
hén hgp nhua dugc lay ra khoi budng tron va nhanh chong
dugc ép phéng trén may thay luc TOYOSEIKI (Nhat Ban) &
nhiét d6 195°C trong 3 phut, véi luc ép 10 - 12MPa, sau d6
cac mau dugc dé ngudi tu nhién.

Trudc khi xac dinh cac tinh chat va hinh thai cau trdc thi
can luu trt, @ mau 6n dinh ty nhién trong méi trudng
phong thi nghiém sau it nhat 24 gio.

2.2.2.2. Ché tao cdc mau PVC nanocompozit

Phu gia nanoclay véi ham luogng khac nhau dugc phoi
trén cung PVC compozit dé tao nanocompozit. CAc mau vat
lieu PVC nanocompozit (t&r mau PVC8 dén miu PVC12
trong bang 1) thuc hién quy trinh ché tao tuong tu nhu quy
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trinh téng hop céc compozit PVC & muc 2.2.2.1. Thanh
phan phéi liéu clia cac mau dugc thé hién trong bang 1.

Bang 1. Thanh phan phdi liéu cta cac vat liéu compozit va nanocompozit
trén nén PVC

| i || e a7 2| Yy
mau @ @ | @ |99]|9]
PVCO| PvC  ]5268] 078 | 078 [158[ 0 | 0 | 0
PVCT| SATH/PVC |51,06] 076 | 076 [1532]357] 0 | 0
PVC2 | T0ATH/PVC 49.38] 074 | 074 [1481)73 ] 0 | 0
PVC3 | TSATH/PVC |47,64] 072 | 072 [1429]11,18] 0 | 0
PVC4| 5zB/PVC |51.21] 077 | 077 [1536] 0 [359] 0
PVC5 | 10ZB/PVC |49.66] 075 | 075 [149] 0 [734] 0
PVC6 | 15ZB/PVC |48,07] 072 | 072 [1442] 0 [11,28] 0
PVC7 [SATH/SZB/PVC|49,54] 0,74 | 074 [14,86)3,66(366| 0

0,5n-clay/5ATH

PV /52B/PVC

4347] 0.65 0.65 |13.05/3.23(3.23] 0.32

n-clay/5ATH/

PVE9 5ZB/PVC

43,291 0,65 0,65 112,9913,23(3,23| 0,65

1,5n-clay/5ATH

PVCI01 ™ 528 /pvc

4311 0,65 065 (1293]3,24]3,24] 097

2n-clay/5ATH/

PV 57B/PVC

42,94 0,64 064 (12,88)3,2413,24] 13

2,5n-clay/5ATH

PVCI2L™ s7m/pvc

42,76 0,64 0,64 [12,83]13,25]3,25] 1,62

2.3. Cac phuong phap dac trung vat liéu

2.3.1. Phuong phdp xdc dinh tinh chdt co ly

Cac tinh chat co ly cda vat liéu bao gém: dé bén kéo
dut, do gian dai khi dat va mé dun dan héi dugc do theo
tiéu chudn ASTM D638 trén may GOTECH AI-7000M (Pai
Loan), t6c dé kéo 50mm/phit & nhiét do phong tai Vién
Hoéa hoc, Vién Han 1am Khoa hoc va Céng nghé Viét Nam.
Méi loai mau dugc do 3 1an dé |18y gia tri trung binh.

2.3.2. Xdc dinh kha néng chéng chdy theo phuong
phdp UL-94V

Kha nang chéng chéy cla céc vat liéu t6 hap compozit
va nano compozit trén nén PVC dugc danh gia bang
phuong phap UL94-V (Vertical Burning Test) la phuong
phap thr nghiém kha nang chéng chay cda vat liéu khi thur
nghiém véi ngon Ira theo phuang thdng ding. Phuong
phap nay dugc ap dung dua theo tiéu chudn ASTM D 3801
tai Vién Ky thuat nhiét déi, Vién Han lam Khoa hoc va Céng
nghé Viét Nam. Cac mau kiém tra kha nang chéng chay
dugc chuan bi theo kich thudc: 125 x 13 x 3mm?®. Sau d6,
mau thi nghiém dugc d6t bdi mot ngon Itra méi chay sau
10 gidy bang khi metan va xac dinh thai gian chay t,, néu
6 su ty tat chay thi ti€p tuc méi chay 10 giay va ghi lai thoi
gian chay t,. M&i lan méi [a xong, ngon Ita dugc dich ra xa
mau 130cm. Sau khi t&t chay lan hai, c6 thé mau con tan
than du, thai gian dugc ghi la t;. Diéu kién, tiéu chudn danh
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gia kha ndng chéng chédy theo UL94-V véi 3 muc chéng
chéy clia polyme la V-0 (kha nang chéng chay t6t nhat), V-1
(khad nang chong chéy khd) va V-2 (khd ndng chéng chay
trung binh).

2.3.3. Xdc dinh khé ndng chéng chdy theo phuong
phdp LOI

Chi s6 oxy gidi han (Limited oxygen index - LOI) la ham
lugng % thé tich oxy thdp nhat du dé duy tri sy chay cda
vat liéu. Phuong phdp nay dugc xac dinh dua trén tiéu
chudn ASTM D 2863-97 vdi kich thudc mau 1a 130 x 10 x
3mm?. Chi s6 LOI clia cac mau dugc xac dinh trén thiét bi
Yasuda 214 tai Dai hoc Bach khoa Ha Néi.

3. KET QUA VA THAO LUAN

3.1. Anh huéng cta phu gia chéng chay vé co dén cac
tinh chat cda vat liéu compozit chéng chay trén nén PVC

3.1.1. Anh huéng cia cdc phu gia chéng chdy vé co
dén tinh chat co ly ciia cdc mau vét liéu PVC compozit

Tinh chat cla vat liéu PVC compozit khéng chi phu
thudc vao cac yéu té nhu ban chat vat liéu, phu gia s
dung, diéu kién phéi tron va cong nghé gia cong ma con
phu thudc rat nhiéu vao ham lugng chat gia cudng. Trong
nghién ctu nay, cac thanh phan khac ciing nhu diéu kién
cdng nghé dugc cé dinh, chi khdo sat anh huéng ctia ham
lugng cac phu gia chéng chay vé co tdi tinh chat co hoc
cla vat liéu. K& qua nghién ctu anh hudng clia cac chat
gia cudng chong chay vo co (ATH va ZB) téi tinh chat co ly
cUa vat liéu dugc thé hién trong bang 2.

Bang 2. Tinh chdt co Iy clia cdc mau vat liéu compozit PVC

Kihidu ] Do bén kéo| Do dan dai| Mo du:1

31— Mau dit khidit | danhoi

(MPa) (%) (MPa)
1 Pvo PVC 257 289,5 30,1
2 | pva SATH/PVC 238 260,6 32,7
3| P 10ATH/PVC 237 230,0 33,1
4| G 15ATH/PVC 25 205,1 33,6
5 | pvca 57B/PVC 235 2741 320
6 | Pves 10ZB/PVC 214 2573 323
7 | P 15ZB/PVC 19,2 240,0 33,0
8 | Pv(7 | SATH/SZBPVC | 242 271,0 333

Nhin chung su c6 mat cla cac phu gia chéng chay nhu
ATH va ZB trong vat liéu PVC compozit déu gay ra su suy
giam céc tinh chat co ly nhu do bén kéo dut va dé dan dai
khi ddt ctia hén hgp PVC. Ham lugng thich hgp clia cac vat
lieu chéng chay khi dua vao nén polyme téi da la 10%, boi
khi tang ham lugng cta ching 1én 15% thi co tinh ctia hén
hgp PVC suy giam ré rét. Nguyén nhan dan t&i su suy giam
trén la do luc lién két yéu gilta chat don v co va nén
polyme hitu co. Hon nira, ham lugng va kich thudc hat I6n
clia cac phu gia chéng chay lam cho kha nang phan tan ctia
ching trong nén polyme khong dugc dong déu, cd xu
hudng dé két tap. Riéng mé dun dan hoi cha vat liéu van
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trong xu thé tang dan la do ATH va ZB la cac chat don ciing
va c6 kich ¢ micromet.

a.),‘ N '“Qs ;

Hinh 1. Anh SEM ciia PVC (a), compozit ATH/PVC (b) va compozit ZB/PVC (c)
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Hinh 2. Biéu d6 so sanh tinh chat co Iy cia mot s6 mau vat liéu PVC compozit
(a) Do bén kéo dt; (b) D6 dan dai khi dit; (<) M6 dun dan hoi

—
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Bang 2 cling cho thady muic d6 anh hudng ctia mdi chat
chdng chdy téi co tinh ctia hén hgp PVC 1a khac nhau. Viéc
b6 sung mot thanh phan ATH cho két qua do bén kéo dut
gidm nhe hon so véi vat liéu PVC compozit cé chia thanh
phan ZB. Chdng han nhu, d6 bén kéo dut clia compozit
10ATH/PVC la 23,7MPa, tuong (ing gidam 7,78% so v&i d6 bén
kéo ctia hén hop PVC ban dau (25,7MPa). Trong khi d6, su
suy giam clia do bén kéo dut 10ZB/PVC compozit (21,4MPa)
Ién tGi 16,73% so vGi hédn hgp PVC ban dau. B6i vai tinh chat
d6 dan dai khi dut thi sy c6 mat cla ZB trong san pham
compozit cho két qua su suy giam thdp hon so véi compozit
chtta ATH. Cu thé, néu nhu d6 dan dai khi dut ciia mau
compozit 10ZB/PVC giam so véi ban dau la 11,12% thi su suy
gidm nay déi véi mau compozit 10ATH/PVC la 20,55%. Két
qua co tinh cho thay mdi vat liéu chong chay déu ¢ nhimng
tinh chat uu viét riéng. Mot s6 bao cao cing da chiing minh
rang, su két hgp gilia cac vat liéu chéng chay vo6 co cho san
phdm t6 hgp c6 tac dung han ché sy suy gidm tinh chat co ly
t6t hon so vdi viéc sir dung tling vét liéu riéng ré [12]. That
vay, su ¢ mat déng thai cla 5% ATH va 5% ZB trong mau
PVC7 cho két qua cac tinh chat ca ly t6t hon so vai cac mau
vat liéu PVC compozit chéa mét thanh phan chat chéng
chéy. Su uu viét nay dugc thé hién trong hinh 2.

3.1.2. Anh huéng cia cdc phu gia chéng chdy vé co téi
tinh chdt chéng chdy cda vét liéu PVC compozit

Pé& tang kha nang chdng chay va gidm lugng khi HCI
thoat ra ctia hén hgp PVC chida chat héa déo, cac vat liéu
chéng chay v6 ca nhu ATH va ZB da dugc b6 sung trong
qua trinh ché tao PVC compozit. Kha nang chéng chéy cla
cac mau vat liéu dugc danh gia bang gia tri LOI (chi s6 oxy
giGi han) va téng thdi gian chay t,+t, (s) cho méi mau sau
cac lan dét mau theo chi tiéu UL94-V. K&t qua tinh chat
chéng chay cla cac mau vat lieu PVC compozit dugc thé
hién trong bang 3.

Bang 3. Két qué kiém tra tinh chdt chéng chdy clia cdc mau PVC compozit

Khdng cd giot chay rai
xudng, khong cé tan
than chéy du, it khoi

6 | PVG5 | 10ZB/PVC 2,1 V-0 29,8

Khdng cd giot chay rai
xuong, khong cé tan
than chdy du, it khoi

7 | PVC6 | 15ZB/PVC 0,7 V-0 | 317

Khéng cd giot chdy roi
xudng, khong cé tan
than chdy du, rat it

5ATH/5ZB
8| PV@T7 PVC 1,7 V-0 30,3

khéi

Téng théi| Danh gia Lol
gian chay| theo
t,+t,(s)| UL94-V

rr| KRl sy Ghi chu
mau

(%)

Khéng cd giot chéy roi

1| PVCO pVC 75 V-0 |55 xudng, rat nhiéu khoi

Khéng c6 giot chdy roi

xudng, khong cd tan

than chdy du, khéi it
han

2 | PVCT | 5ATH/PVC 35 V-0 281

Khéng cd giot chéy roi
xuong, khong cé tan
than chéy du, it khoi

3| PVC2 |10ATH/PVC| 19 V-0 ]300

Khdng cd giot chay rai
xudng, khong cé tan
than chéy du, it khi

4| PVG3 [15ATH/PVC| 05 V-0 32,0

Khdng cd giot chay rai
xuong, khong cé tan

5| Pvc4 than chay du, giam

52B/PVC 3,8 V-0 | 278

khéi
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Két qua thir nghiém chdy cho thay tat ca cdc mau déu ty
tat chdy sau ca hai lan maéi Itra, khéng c6 tan than chay du,
khong co giot chay roi xudng, do d6 thai gian chay t; dugc
bd qua. B6i véi mau PVCO ban dau khi chua cé mat phu gia
chéng chay thi téng thdi gian chdy (t,+t,) 1a 7,55 va c6
nhiéu khéi thoat ra tir qua trinh chay. Cac mau compozit
PVC1 dén PVC7 (c6 chita chat dén vo co) cho két qua téng
thai gian chay (t;+t,) ngan hon nhiéu so vai hén hgp PVC
ban dau va lugng khoi thoat ra cling rat it. Trong d6, mau
compozit PVC7 (mau vat liéu c6 chiia dong thai ca ATH va
ZB) ¢6 t6ng thdi gian chéy (t,+t,) chi 1,7s. Viéc danh gia chi
s6 LOI cla cac loai compozit PVC cho két qua tuang dong
vGi danh gia kha nang chéng chdy ctia ching theo UL-94V.
C6 nghia la gia tri LOI cla compozit PVC cling dat két qua
cao hon so véi gia tri LOI ctia hdn hgp PVC ban dau. Gia tri
LOI ctia mau PVC7 dat 30,3% cao hon cac compozit chia
mot thanh phan chat chéng chéay (PVC2 va PVC5) va cao
hon han gia tri LOI ctia hén hop PVC ban dau tdi 18,82%.
Ngoai ra, két qua do chi s6 oxy gidi han cling cho thay
khong cé su chénh léch nhiéu trong gia tri LOI gila hai
compozit chtra ATH hoac ZB & cung ham lugng. Nhu vay cé
thé thay rang, b6 sung déng thai ATH va ZB- la cac hgp
chat v6 co, khéng chay, co kha nang hdp thu nhiét sé gép
phan gidm kha nang chdy cta té hop PVC chua chat hoa
déo. Co ché chong chédy cta ching la khi tiép xdc véi
nguén nhiét, ATH phan hay thu nhiét lam cham qua trinh
nhiét phan va giam t6c dé chay clia polyme nén. Trong khi
do, vat liéu ZB (2Zn0.3B,0,.3.5H,0) sé giai phdéng lugng
nudc két tinh va hinh thanh mét 16p phi giéng nhu thay
tinh (glasslike). Lugng nudc két tinh dugc giai phong ra sé
giup pha loang néng do oxy va cac thanh phan khi dé chay
khac. Lop pha thay tinh dong vai tro la mét chat cach nhiét
t6t, bao vé PVC khéi nhiét d6 va oxy, déng thai giam lugng
khi thodt ra tu sy phan hdy polyme.
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Hinh 3. Tinh chat cla cdc mau vat liéu PVC compozit

(a) Méi tuang quan giia chi s6 oxy gidi han LOI (i) va dd gian dai khi dt (ii),

(b) Méi tuong quan giita md dun dan hi (iii) va d6 bén kéo dut (iv)

Nhu vay, két qua khao sat tinh chat ca ly va kha nang
chéng chay clia cac mau vat liéu PVC compozit chi ra rang,
compozit PVC ¢4 ti lé thanh phan phu gia chéng chay la 5%
ATH + 5% ZB cho két qua dat ca hai tiéu chi: Vat liéu viia cé
tinh chat co ly t6t vira cho kha nang chéng chdy cao (hinh
3). Do vay, compozit nay tiép tuc dugc dung dé nghién ciu
ché tao vat liéu nanocompozit trén nén PVC.

3.2. Két qua nghién citu ché tao va danh gia tinh chat
chia vat liéu nanocompozit chéng chay trén nén PVC

3.2.1. Két qud nghién citu ché tao vit liéu
nanocompozit chéng chdy trén nén PVC

Kha nang chady nhét cha vat liéu dugc phan anh bai su
thay d6i mémen xoén trong qua trinh trén hop néng chay
hén hop PVC va céac vat lieu chéng chdy. Su bién ddbi
moémen xodn clia cac mau vt liéu trén nén PVC dugc thé
hién trong hinh 4.

30+ —=—PVC
—e— 5ATH/5ZB/PVC
25+ —a— 1,5n-clay/5ATH/5ZBIPVC

N
(=
1

M6 men xoan (N.m)
=9 =Y
o (3]
1 1

o
1

00 05 10 15 20 25 3.0 3.5
Thei gian tron (phat)

Hinh 4. Gian d6 mdmen xodn clia cdc mau vét liéu trén nén PVC

Két qua cho thay, sau khi nap hén hgp PVC vao buéng
tron thi mémen xoan cda vat liéu gidam theo thai gian tron
do PVC bi mém va néng chay. Khi c6 mat thém céac chat
doén vo co la ATH, ZB va nanoclay thi mémen xoan cla
compozit PVC7 (5ATH/5ZB/PVC) va nanocompzoit PVC10
(1,5n-clay/5ATH/5ZB/PVC) tang lén so vGi mdmen xoan cua
hén hgp PVC ban dau. C6 nghia la hén hgp PVC khé chay
nhét hon khi thém cac vat liéu chéng chay vo ca. Cu thé,
trong qua trinh tron kin, & nhiét d6 néng chay cda PVC, cic
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hgp chat vo co van con & trang thai ran nén lam tang ma
sat noi clia vat liéu PVC dan téi tding mémen xoan clia hé.

Mau vat liéu PVC nanocompozit sau khi ché tao ciing
dugc phan tich cdu tric bang phé FT-IR, két qua thu dugc
nhu trén hinh 5.
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Hinh 5. Phé FT-IR cia cdc mau vat liéu
(i) PVG; (ii) 1,5n-clay/5ATH/5ZB/PVG; (iii) nanoclay

Mot s6 pic ddc trung cha nanoclay nhu: pic hdp thu &
tan s6 461cm™ dac trung cho dao déng bién dang goc cla
lien két Si-O-Si, pic 1043cm™ dac trung cho lién két Si-O va
pic & 3630 cm™ dac trung cho dao déng hoa tri cia nhom
O-H tu do déu xudt hién trén phé FT-IR cia PVC
nanocompozit. Tuy nhién, cac pic nay khong thuc su rd nét
b&i ham lugng nanoclay chidia trong mau nanocompozit it
han nhiéu so véi ham lugng hén hop PVC. Ngugc lai thi céc
pic dac trung clia PVC nhu: pic & 1480cm™ dac trung cho
dao dong CH,-Cl, pic & 615cm™ dac trung cho dao déng C-
Cl va pic hap thu & 1723cm™ déc trung C=0 cta DOP thé
hién mét cach rd nét trén phé héng ngoai clia mau vat liéu
nanocompozit. Bén canh d6, phé FT-IR cta PVC
nanocompozit cling cho thay su cé6 mat hai phu gia chéng
chdy ATH va ZB, cu thé pic hap thu & tan s6 510cm™ dac
trung cho lién két Al-O va pic hap thu & tan s6 457cm™ dac
trung cho lién két Zn-0.

3.2.2. Pdnh gid kha nédng chéng chdy cia vit liéu
nanocompozit trén nén PVC

Khd nang chong chdy clia cac vat liéu PVC nano
compozit c6 chda ham lugng phu gia nanoclay khac nhau
da dugc khao sat. K&t qua kiém tra tinh chat chéng chay
cla nanocompozit theo UL94-V cho thdy cac mau déu dat
V-0 va téng thdi gian chdy ciing rat ngan (bang 4). Péng
thai, cac vat liéu nanocompozit nay dat chi s6 LOI cao hon
50 v&i mau compozit PVC va hén hgp PVC ban dau. Cu thé,
gia tri LOl cla cac mau nanocompozit 1,5n-clay/
5ATH/5ZB/PVC va 2n-clay/5ATH/5ZB/PVC lan lugt la 31,2%
va 31,4%, tang so vdi compozit PVC (LOI = 30,3%) va hén
hgp PVC ban dau (LOI = 25,5%). Nanoclay da dong vai tro la
mot chat chong chéay hoat déng pha ran. Su tuong tac tot
cla clay véi PVC hinh thanh cdu tric nano béc tach cé kha
nang che chan, hap thu nhiét cho dai phan ti PVC, han ché
su tham nhap clia oxy khong khi vao bén trong vat liéu. Do
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d6, nanoclay va cac chat chéng chay ATH, ZB da thé hién
hiéu qua hiép dong trong su cai thién kha nang chéng chay
cta hén hgp PVC chifa chat hoa déo.

Bang 4. K&t qud kiém tra tinh chat chéng chdy cla cdc mau vat liéu
nanocompozit trén nén PVC

Su c6 mat clia phu gia nanoclay khi dua vao nén PVC
compozit da cai thién dang ké cac tinh chat co ly cla vat
liéu. Ham lugng nanoclay trong khoang ti 1% dén 1,5%
cho két qua m6 dun dan hoi, dd bén dit va do dan dai khi
dut cha vat liéu nanocompozit tang dan va dat cuc dai &
ham lugng nanoclay 1,5%.

Ki th;?n?an Dair;h Lol Khi ham lugng nanoclay tang hon 1,5% thi cac tinh chat
STT| hiéu Mau g 9 Ghi chu co ly ctia PVC nanocompozit gidm. Diéu nay co6 nghia la, khi
% chdy | theo | (%) , A p A Lia
mau t+t,(s) |UL94 dua lugng nhd nanoclay (ttr 1 dén 1,5%), trong diéu kién
12 gia coéng, cac Iop clay da bi boc tach, phan tan tuong déi
Khong cogiotchdy | déng déu trong nén PVC. Khi ham Iugng nanoclay trong
1 | PVCO PVC 75 V-0 | 255 |roixudng, iatnhieu hén hgp PVC 16n han 1,5% thi mét s6 hat nanoclay khéng
khdi phan tan dugc & kich thudc nano, dan tai luc lién két gitia
Knong cé giotchdy |  Pha nén va phu gia nano yéu di, tir d6 cac tinh chat ca ly
i xub ongcé| clavatliéu giam xudng.
2 | PVCT | SATH/STBIPVC | 17 | Vo | 303 |"O1XUONg,khong S N gEmiong. P
tan than chdy du, Bang 5. Tinh chét co ly cha vat liéu nanocompozit chong chdy trén nén PVC
rét it khoi -
AP - D bén kéo | DO dan dai | Mo dun
Khong c6 gigt chdy STT Ki hiéu M3 : diit Ca dan héi
3 | pcs 0,5n-clay/5ATH/ 15 vo | 305 |1 xudng, khdng c6 mau au P khi dut an ol
S7B/PVC ' | tan than chay d (MPa) | (%) | (MPa)
khdi ngdn, it khoi 1] PV PVC 25,7 289,5 30,1
Khongcogiotchdy | | 2 |  py7 5ATH/5ZB/PVC 24,2 21,0 333
n-clay/5ATH/ : roi xuong, khong cé
IO ey W3] V0308 thanchaydy, | [3| pvcs | OSMABATH 290,0 33,5
e 51B/PVC
khéi ngan, it khéi
Knongcogiotchdy | | 4| pucg | TMCay/sATH/ 26,6 2923 34,1
A L 5ZB/PVC
1,5n-clay/5ATH/ rdi xuéng, khdng cé
5 [PVC10 1,2 V-0 | 312 ., )
52B/PVC tan than chdy du, 5| pvcio 1,5n-clay/5ATH/ 271 295 0 345
rat it khoi 5ZB/PVC ! ! !
Khong cogiotchdy |\ o pyeqq | 20-day/SATH/ 263 2907 34,0
2n-clay/5ATH/ rdi xuéng, khdng c6 51B/PVC
6 |PVC11 1,0 V-0 | 314 | ., ,
52B/PVC tan than chdy du, 2,5n-clay/SATH/
khdi ngan, it khéi 7| PvQ2 ' 57B/PVC 259 2871 33,8
Khéng 6 giq} cha’y’ Tu két qué khao sat ham lugng phu gia nano tdi cac tinh
7 lpven 2,5n-clay/5ATH/ 038 V-0 | 315 roi xuong, kh,ong ©|  chat cta vat liéu PVC nanocompozit thdy rang ham lugng
SIB/PVC tan“thar:ch’ay d‘ff nanoclay thich hop khi dua vao compozit PVC la 1,5% (hinh
khdingan, itkhi | 7) Taj ham luong nay, vat liéu 1,5n-clay/5ATH/5ZB/PVC

3.2.3. Tinh chdt co ly cda vét liéu nanocompozit chéng
chdy trén nén PVC

Cac tinh chat co ly nhu mé dun dan héi, dé bén kéo dut
va d6 dan dai khi dut clia cac vat liéu nanocompozit chéng
chay trén nén PVC dugc thé hién trong bang 5.

Hinh 6. Anh TEM cla cdc mau nanocompozit chiia 1,5% dlay (a) va chia
2,5% clay (b)
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khong nhiing cho két qua kha nang chéng chay cao ma cac
gid tri co tinh cla vat liéu dugc céi thién dang ké so véi hdn
hgp PVC ban dau va PVC compozit.
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Hinh 7. So sénh tinh chat co Iy va khd nang chdng chdy clia cdc mau PV,
PVC compozit va PVC nanocompozit

(a) Moi tuang quan giita chi s6 oxy gidi han LOI (i) va dd gian dai khi dut (ii);

(b) M6i tuong quan giita md dun dan hoi (iii) va do bén kéo duit (iv)
4. KET LUAN

Da xdy dung thanh cong cong thic ché tao vat liéu
nanocompozit chéng chay trén nén PVC. Cac ty lé ham
lugng thanh phan phéi trén t6i uu dugc lua chon la (1,5%
nanoclay + 5% ATH + 5% ZB + 66,5% PVC + 1% magie
stearate + 1% kém stearate + 20% DOP). Vat liéu
nanocompozit 1,5n-clay/5ATH/5ZB/PVC c6 mdé dun dan
héi, d6 bén kéo dut va dd dan dai khi dut rat tot, cac gia tri
lan lugt la 34,5MPa, 27,1MPa va 295,0%. Dong thai, vat liéu
PVC nanocompozit nay cho kha nang chéng chay cao véi
gia tri LOI dat 31,2% va téng thai gian chay (t,+t,) chi 1,2s.

LOI CAM ON

Nghién ctu nay dugc tai trg béi Vién Han lam Khoa hoc
va Céng nghé Viét Nam theo dé tai ma s6 “TDPCCC.04/
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