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Abstract

The composites of PE/CaCO; with and without PE-g-AM compatibilizer were prepared by melt mixing in a
Haake Rheomix 600p. The Haake torque (could be called as the relative melt viscosity) of the composites was recorded
while mixing by Polylab V 4.1 software. The mechanical properties of the composites were tested by a WMP
instrument, dielectric properties were measured by using a TR-10C dielectric loss measuring set and volume resistivity
was measured by IV method using a TR-8401 DC instrument with applied voltage of 1000 V. The mophological
structrure of the composites was studied by scanning electron microscopy (SEM). The results showed that CaCO; and
PE-g-AM increased relative melt viscosity of the composites, this proved that PE-g-AM enhanced the adhesion between
CaCO; and PE matrix while melt mixing them. The mechanical properties of the PE/CaCO; composites strongly
decreased with increasing CaCO; contents. But by adding PE-g-AM, the mechanical properties of the PE/CaCOj;
composites were improved significantly, especially in tensile strength. PE/CaCO; and PE/PE-g-AM/CaCOj; composites
had good electrical insulation properties, such as high resistivity and very low dielectric loss. The PE-g-AM
compatibilizer played an important role for the enhancement of dispersity of CaCO; in PE matrix, reducing

agglomeration of CaCOj particles in PE matrix.

1. MO DAU

Trong sb cac polyme, polyetylen (PE) duoc st
dung nhiéu nhit trong cic nganh nhu san xuit bao
bi, do gia dung, vat liu cach dién, xay dyng, san
xudt 6t0... boi chung c6 nhimg wu thé vuot troi nhu
dé gia cong, do bén co 1y, bén hoa chit cao hon... so

v6i mdt s6 cdc vat liéu polyme khac [1, 2]. bPé tang
cuong mot so tinh chat va giam gia thanh san pham
tr PE, nguoi ta dua cac chat don vo co vao vat liéu
polyme nhu CaCO;, SiO,, talc, thach cao ... [3 - 7].
Tuy nhién, do ban chét va cuc tinh cua chét don vo
co va PE hoan toan khac nhau nén kha nang tuong
hop gitra chung rat kém. Céc tinh ning co 1y cua vat
liéu compozit suy giam rit nhanh va gay khé khin
cho viéc gia cong. Nhiam ting kha niang tuong hop
giita polyme va chat don can st dung chét tuong
hop, bién tinh polyme hodc chat don [1 - 6]. Cac
chat don vo co, dac biét la CaCO; ¢6 thé duoc bién
tinh bang viéc phu 1én bé mat mot 16p vo, thuong la
cac axit hitu co. Piéu nay tao cho CaCOs bién tinh
dong vai tro nhu mot chat don hoa hoc vi kha nang
lién két tt hon voi cac polyme [3].

Cong trinh nay nghién ctu sit dung CaCO; da
duogc bién tinh bé mat bang axit stearic phan tan vao
nén PE, ciing nhu vai trd ciia chat twong hop PE
ghép anhydrit maleic (PE-g-AM) dén tinh chat co 1y,
d6 nhét chay twong dbi, tinh chét dién va hinh thai
hoc cua vét ligu compozit PE/CaCOs.
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2. THUC NGHIEM
2.1. Nguyén liéu

- Polyetylen ty trong cao (PE) dang hat - san
pham cua hang Exxon Mobil (A-rap Xéut), ty trong
0,95 g/cm®, chi s6 chay 8 g/10 phut & nhiét d6 190°C
va tai trong 2,16 kg.

- Chét twong hop: polyetylen mach thing ty
trong thdp ghép anhydrit maleic (PE-g-AM) - ¢ dang
hat, ham lugng MA ghép vao PE 1a 0,4%.

- Chat don CaCO; dugc cung cap boi cong ty
Minh Dirc, bién tinh bé mat br:flng axit stearic, kich
thudce hat 3-10 um; dién tich bé mit riéng 7 m%/g; ty
trong 2,71 g/em’.

2.2. Ché tao miu

Cac mau polyme compzit PE/CaCO; c6 va
khéng c6 PE-g-AM duoc trén trong may trén ndi
Haake (Puc) ¢ nhiét do 170°C trong thoi gian 5
phut, téc d6 quay cua truc 50 vong/phit. Hon hop
thu dugc sau qué trinh tron dugc dinh hinh trén may
ép thuy luc & 170°C trong thoi gian 3 phat dudi ap
lyc 10 - 12 MPa thanh cac tim day 1-1,5 mm, sau d6
dugc lam ngudi dén nhiét do phong ¢ ap luyc 5 MPa.
Mau dugc bao quan & diéu kién chuan it nhat 24 gio
trude khi xac dinh cac tinh chét va céu truc.
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2.3. Phwong phap va thiét bi nghién ctru

- B nhét chay tuong ddi cua vat lidu duoc ghi
bang phan mém Polylab 4.1 két nbi v6i may tron
Haake trong qua trinh ché tao miu, theo tiéu chuan
ASTM D 2538, tai Vién K¥ thuat nhiét doi.

- Tinh chit co ly ctia mau dugc xac dinh trén
may WMP caa Duc & nhiét do phong véi tée d6 kéo
100 mm/phut, theo ti€u chudn ASTM D638, tai Vién
K¥ thuat nhiét doi.

- X4c dinh hinh thai ciu tric cua vat liéu
compozit bang kinh hién vi dién tir quét SEM (Jeol-
5300 Nhat Ban), tai Vién K¥ thuét nhiét doi.

- Hang sb dién moi va tang goc tén hao dién moi
dugc do trén thiét bi TR-10C (ANDO - Nhét Ban)
theo tiéu chuan ASTM D150 & tan sé 1 KHz, tai
Vién Ky thuat nhiét doi.

- Dién tro sudt mit va dién tré suat khdi duge do
bang phuong phép IV, theo tiéu chuan ASTM D257
v6i hé 3 dién cuc va thiét bi do dong mot chiéu
TR8401 cta hing Takeda (Nhat Ban), dién ap 1
chiéu 1000 V, d6 am moi truong do khoang 70%, tai
Vién Ky thuat nhiét doi.
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3. KET QUA VA THAO LUAN

3.1. Anh huéng ciia CaCO; va PE-g-AM dén d§
nhdét chdy twong doi cia PE

Po nhét chay twong ddi cua PE ban dau va
compozit PE/CaCO; dugc khao sat thong qua gian
d6 mo men xodn theo thoi gian tron. Hinh la trinh
bay mo men xodn ciia PE va compozit PE/CaCO;
v6i ham lugng CaCOs 1a 10, 15, 20 % (theo tong
khéi lugng). Tu hinh 1 ¢6 thé nhan thay pic nap_ liéu
(md men xodn dat 16n nhat) clia tat ca cic miu &
khoang 0,5 phut. Khi PE mém dan va nong chay, mo
men xodn giam dan va dat gia tri kha 6n dinh sau
khoang 4 phut tron (khi PE néng chdy hoan toan).
Mb men xo4n 6n dinh ctia nhya PE ban dau cho gia
tri thap nhét va ting dan khi ting ham lugng CaCOs;
trong hon hop (hinh nho phong to sw khac biét mo6
men xodn On dinh ctia cic mau). Pidu nay co thé
duoc hiéu: cac hat vd co CaCO; d3 lam giam tinh
linh dong cua cac phan tir PE trong qua trinh nong
chdy, do d6 gia ting do nhoét ciia hon hop néng
chay [4].
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Hinh I: Anh huéng ctua ham lugng CaCO; va PE-g-AM dén do nhot chay cua PE

Hinh 1b trinh bay két qua nghién ciru tinh chay
nhot cia compozit PE/CaCO; 85/15 khong c6 va co
5% PE-g-AM (so voi tong khoi luong mau). Khi sir
dung chit twong hop, mémen xodn cua hdn hop
PE/PE-g-AM/CaCO; (80/5/15) 16n hon dang ké so
v6i mau khong str dung chat tuong hop va PE ban
dau. Piéu nay ching t6 ring da co su twong tac giita
cac hat CaCOj; va PE nho c6 chat twong hop PE-g-
AM, do d6 lam tang kha nang phan tan va bam dinh
ctia CaCO; véi nén PE.

3.2. Anh huéng ciia ham hrgng CaCO; va PE-g-
AM dén tinh chat co' ly ciia PE

Trén hinh 2 trinh bay két qua nghién ctru anh

hudéng cua ham lugng CaCOj; c6 va khong c6 PE-g-
AM dén tinh chit co Iy cia PE. Méc du cac hat
CaCOs di duoc bién tinh (hitu co hoa bé mit) nhung
khi phdi tron v6i PE, khong c6 chét twong hop, do
bén kéo dut cia vat liéu co xu hudng giam va giam
manh ¢ cac ham lugng CaCOs 16n (15% va 20%).
Gia tri 40 bén kéo dut giam tur 22,8 MPa cua PE ban
dau xuéng con 16,5 MPa khi ham lugng CaCO;
20% (hinh 2a). Do bén kéo dut cua vat liéu compozit
PE/CaCOs tang khi c¢6 5% PE-g-AM. D6 bén kéo
dat caa vat liéu PE/PE-g-AM/CaCO; 16n hon dang
ké so voi vat liéu compozit PE/CaCO; thdm chi con
16n hon so v6i nhya PE ban dau tuong tng voi cac
ham lugng CaCO; 10 va 15%. Khi tiép tuc bd sung
thém CaCOs (20 %) vao nén PE/PE-g-MA, d6 bén
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kéo dut cua vat liéu compozit c6 xu hudng giam.
Diéu nay cho thiy khi ham lwong CaCO; dua vao
nén PE hoic PE/PE-g-AM 16n, trong vat li¢u Xudt
hién cac khuyét tat 1on, giam tinh ddng nht [61.

Két qua trén hinh 2a mot 1an nita cho thay vai tro
cua PE-g-AM lam tang d0 bam dinh va phan tin cua

Nghién cieu tinh chat va cau truc

cac hat CaCOs trong nén PE [1]. Piéu nay cé thé
giai thich bdi tuong tdc cuia cac nhom phéan cuc
(C=0 va C-0-C,) trong chit twong hop PE-g-AM
voi cac nhom C=0, —OH cua 16p axit stearic va
stearat canxi trén bé mat hat CaCOs, do d6, lam tang
su twong hop cua cac hat CaCO; v6i nén PE [3].
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Hinh 2: Anh hudng cua ham lugng CaCO; va PE-g-AM dén tinh chat co ly cua PE
Hinh 2b m6 ta anh hudéng ctia ham luong CaCO;  PE/CaCO; 85/15, PE/PE-g-AM/CaCO; 80/5/15

va chit twong hop PE-g-AM dén d6 dén dai khi dut
ciia PE. PO dan dai khi dut cia PE déu giam khi
phéi trén véi CaCOs trong ca hai trudng hop c6 va
khong co chit twong hop. Tuy nhién, trong truong
hop thi nhét, nho vai tro cia chét tuong hop nén kha
nang phén tan cac hat CaCO; dong déu hon, mirc do
co cum tao dam clia cac hat vo co it hon [4], do do
d6 dan dai khi dat cia mau c6 PE-g-AM 16n hon so
véi mau khong c6 PE-g-AM.

3.3. Nghién citru hinh thai hoc cia vat li¢u
compozit PE/CaCOj; cé va khong cé PE-g-AM
Hinh thai bé midt clia cic mau compozit

(a) PE/CaCO; 85/15

dugc quan sat trén anh hién vi dién tr quét (SEM)
(hinh 3). Khi sir dung CaCO; bién tinh va khong co
PE-g-AM, CaCO; phén tan khong dong déu trong
PE, cac hat CaCO; tdp hop thanh dam véi kich
thudce 16n (10 - 20 um) va ¢o6 sy tach pha ro rét (hinh
3a). Vi su c6 mit chit twong hop PE-g-AM, CaCO,
phan tan trong PE dong déu hon, kich thudc nhd hon
(4 - 10 um) va khong c6 su tach pha 10 rét (hinh 3b).
Diéu nay c6 thé giai thich boi PE-g-AM dong vai tro
ctia chét hoat dong bé mat gitra 2 pha PE va CaCO;
va cai thién kha ning tuong tac bé mit giita PE va
CaCoO; [7].
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(b) PE/ PE-g-AM/CaCO; 80/5/15

Hinh 3: Anh hién vi dién tir quét (SEM) ctia vat liu compozit PE/CaCOs, c6 va khong c6 PE-g-AM
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3.4. Tinh chit dién caa vat liéu compozit
PE/CaCO; c6 va khong c6 PE-g-AM

Nhiéu cong trinh nghién ciru di chi ra rang khao
sat cac tinh chét dién 1a  phuong phap trung gian
hiéu qua nghién ctu céu trac vat lidu polyme
compozit, cho phép danh gia sy tuong tac, kha nang
phan tan giita cac pha [9]. Cac sb liéu ¢ bang 1 cho

Thai Hoang va cong su

thdy dién tr¢ sudt khoi (p,) va dién tré suat mat (py)
cua vat litu compozit PE/CaCO;, PE/PE-g-
AM/CaCOs thap hon so véi PE 1 bac mii. Su giam
dién tro suit nay la do CaCO; thuong lam ting kha
nang xam nhap cda hoi am vao vat liéu. Tuy nhién,
khi sir dung thém 5% PE-g-AM, dién tro suat p,, ps
cua vat liéu compozit PE/PE-g-AM/CaCO; cao hon
so voi vat li€u compozit PE/CaCO;.

Bdng 1: Anh huong ctia CaCO; va PE-g-AM dén tinh chat dién cta vat liéu compozit PE/CaCOs

X pv Ps
Mau (Q.cm) Q) € Tgd
PE 4,4.107° 1,5.107 2,10 0,002
PE/CaCOs (85/15) 5,6.10" 1,7.10"" 2,11 0,003
PE/PE-g-AM/CaCO;s (80/5/15) 5,8.10"" 2,1.10" 2,20 0,003
Hing sé dién méi (g) va tang cua goc tén hao TAILIEU THAM KHAO

dién moi (tgd) cua vt lidu compozit déu 16n hon so
v6i PE nhung khac nhau khong dang ké. Sy ting 1én
cua héng s6 dién moi cta vat lidu 1a do ban chat
phan cuc cia CaCOs; 16n hon so véi PE. Tang cua
goc ton hao dién moi cta cac vat lieu déu rit nho
(10'3). Noi chung, vét liéu compozit PE/CaCO; va
PE/PE-g-AM/CaCO; déu 1a vat lidu cach dién
t6t [10].

4. KET LUAN

Su ¢6 mit ctia CaCO; bién tinh va chét tuong
hop PE-g-AM lam ting d¢ nhot chay ciia PE. Chét
twong hop tang kha ning bam dinh cia CaCO; véi
PE trong qua trinh tron nong chay. Tinh chat co ly
cua vat liéu compozit PE/CaCO; nhé hon so vdi PE
nén. Khi sit dung chét tuong hop PE-g-AM, tinh
chét co 1y cua vét liéu compozit PE/CaCO; da dugc
cai thién dang ké, ddc biét 1a d6 bén kéo dit. Chat
tuong hop PE-g-AM tiang kha ning phén tan, han
ché su co cum, su phan pha cua cac hat CaCOs; trong
nén PE. Vit liéu compozit PE/CaCO; c6 va khong
c6 PE-g-AM la vit lidu cach dién t6t.
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