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MO PAU

Polypropylen (PP) 1a mgt trong nhiing nhya nhiét déo duoc ing dung rong réi trong doi
song va san xuat. Trong niam 2007, cong suat PP toan cau dat 45,1 triéu tan [1]. PP c6 dd bén co
hoc cao, khé ctmg. NG c6 kha ning cdch dién, chdng tham khi, hoi nudc va ddu md... nén duoc
{mg dung dé 1am bao bi bao quan thuc phdm, kéo thanh soi dé bén ddy cdp, ding 1am ludi danh
c4, dét tham, dét vai boc, mang pht ngoai dbi voi mang nhiéu 16p dé tang tinh chdng tham khi,
hoi nudc... [1, 2].

Tro bay (FA) la phé thai ciia cdc nha may nhiét dién. Cac hat FA c6 dang hinh cau voi kich
thuéc micromet. Theo wdc tinh ciia Vién Nghién ctru than thé gigi nam 2007, luong FA cua toan
thé gioi 1a 71,7 triéu tn [3]. O nudc ta hang ndm, cc nha méy nhiét dién thai ra khoang 1,3
triéu tin va du kién vao niam 2010 1a khoang 2,3 triéu tin FA [4]. Viéc st dung FA chi méi bt
dau trong qu4 trinh san xuét zeolit, xtc tac, chat két dinh, xi mang va bé tong xay dung véi khoi
luwong rat han ché [4 - 6].

Nghién ctru ing dung FA trong san xuat vat liéu compozit nén polyme nhiét déo & nudc ta
con khd méi mé. Mot trong nhitng polyme nhiét déo dugc sir dung 1am pha nén 12 PP do né c6
nhiéu vu diém ma mot s6 loai polyme khac khong c6. FA thuong duoc bién tinh bang cic ankyl
silan trudc khi dwa vao nén polyme dé ting kha ning twong hop va tron hop, tir d6 cai thién mot
s6 tinh chat ctia vat lidu [7, 8]. Bai bdo nay trinh bay cdc két qua ché tao vat lidu compozit
PP/FA chua bién tinh (OFA), PP/FA bién tinh vinyl trimetoxi silan (MFA) va PP/OFA/MFA &
trang thdi néng chay, tir d6, nghién ctru mot sd tinh chat co 1i va hinh théi cu tric cua vat liéu
compozit.

2. THUC NGHIEM
2.1.Nguyén liéu va héa chit

Polypropylen (PP) do Han Qudc san xuit & dang hat, ti trong tuong tmg 0,94 - 0,95 g/cm’.
Tro bay (FA) cua Nha may nhiét dién Pha Lai c6 ham lugng SiO, + Fe,O5 + Al,0; > 86%, ham
lugng trén sang 0,045 mm 16%, do 4m 0,3%. Silan hitu co - vinyl trimetoxi silan (VITMS) 98%
1a san pham thwong mai ctia Trung Qudc.
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2.2. Ché tao vat liéu compozit PP/FA

FA (chua bién tinh va bién tinh bang 1% VTMS theo quy trinh mé ta trong tai liéu [9]) voi
cdc ham lugng tr 0, 5, 10, 15, 20 va 25% so voi khéi lugng PP dugc tron voi PP trén mdy tron
no6i HAAKE (CHLB Biic) ¢ 180°C, téc d6 quay cua roto 50 vong/phit trong thoi gian 5 phat.
Hon hop PP/FA néng chiy va dong nhét nhanh chéng dugc ép phang trén mdy ép thuy luc
TOYOSEIKI (Nhat Ban) ¢ 180°C trong 2 phut vdi lyc ép 12 - 15 MPa. Mau ép dugc dé ngudi
trong diéu kién chuén it nhat 24 gi¢ trude khi xdc dinh cdc tinh chat va ciu tric.

2.3. Cac phwong phap nghién ctru

Kha nang chdy nhdt cua vat liéu trong qud trinh tron nong chay duoc phan dnh trén gian do
md men xoan - thoi gian ghi boi phdn mém Polylab 3.1 két ndi véi thiét bi tron néi HAAKE.
Quad trinh nay duogc tién hanh tai Vién Ky thuat nhiét d6i, Vién Khoa hoc va Céng nghé Viét
Nam.

Xiéc dinh cdc tinh chat co If cia vat lidu theo tiéu chudn ASTM D638 trén thiét bi co 1i da
nang Zwick (CHLB Drc) tai Vién K¥ thuat nhiét déi, Vién Khoa hoc va Cong ngh¢ Viét Nam.

Anh hién vi dién tir quét (SEM) cua vit liéu dugc chup trén mdy hién vi dién tir quét phét
xa truong (FE-SEM) S-4800 cua hang Hitachi (Nhat Ban) tai Vién Khoa hoc Vit liéu, Vién
Khoa hoc va Céng ngh¢ Viét Nam.

3. KET QUA VA THAO LUAN
3.1. Kha niang chay nhét cia vit liéu compozit PP/FA

Céc nghién ctru vé vat lidu compozit polyme/FA déu cho thdy khi dwa FA vao nén polyme,
d6 nhét chay tuong ddi cua hau hét cic polyme ting 1én [7, '10]. Tuy nhién, d6i véi vat liu
compozit PP/FA, khi ting ham lugng FA 1én 10%, m6 men xoén (phan 4nh kha ning chay nhot)
cua vat liéu giam (hinh 1). Sau khi nap li¢u va déng budng trdn, vat lidu ¢ trang thdi rin nén md
men xoén lon nhit. Sau d6, md men xoan ctia vat lidu giam do su chay cua PP va dan dat dén
trang thai o on dinh, rng v6i md men x0&n 6n dinh. Khi c4c hat PP néng chay, cic hat FA (trudc
va sau khi bién tinh) vé6i kich thudc micro nhur mot chat bdi tron da phén tan vao PP, c6 tic dung
lam tang do linh dong va su chay cua PP, do d6 lam giam ma st ndi hay lam giam md men xoan
cua vat liu [8, 10]. Nhu vy, qud trinh ché tao vat liéu compozit PP/10% FA dé dang hon va
tiéu ton it nang lwong hon so voi qué trinh ché tao PP. Cdc duong md men xoin theo thoi gian
trOn cua vat liéu compozit PP/FA & céc ti 1€ FA chua bién tinh (OFA) va bién tinh (MFA) khac
nhau (cung téng ham lugng FA 10%) c6 hinh dang twong tu nhu vat liéu compozit PP/OFA,
PP/MFA va PP ban dau.

M6 men xodn 6n dinh (M) cta vat liéu compozit nén PP c6 OFA, MFA va cdc hdn hop
OFA/MFA duogc mé ta ¢ bang 1. M6 men xo&n 6n dinh cuta vét liéu compozit PP/FA nhé hon so
v6i PP. O cung mot ham lugng FA, md6 men x04n 6n dinh cua vat li¢u compozit PP/MFA nhé
hon so véi vat liéu compozit PP/OFA va PP/JOFA/MFA. Khi dua MFA vao nén PP, céc tap chat
con lai rat it s& khong anh huéng dén kha nang chay nhot cia PP nhu OFA trong PP. Mat khac,
do cédc hat MFA duoc hitu co h6a nén phan vo co giam, do d6, 1am giam ma sat noi hay giam
md men xoan cua vat liéu compozit PP/MFA trong qua trinh tron néng chay theo thoi gian. Diéu
nay cho thay cac hat MFA di cai thién kha nang chay nhdt cia vat liéu compozit. So véi vat liéu
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compozit PP/OFA va PP/JOFA/MFA, qua trinh ché tao vat liéu compozit PP/MFA dé& dang hon
va tiéu ton it nang lugng hon ca.
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Thoi gian tron (phut)
Hinh 1. Gian d& mé men xo0én theo thdi gian trén & trang thai néng chay cla vat
liéu compozit trén co s& PP va 10% FA

Bang 1. M6 men x0an 6n dinh (M) cia vat liéu compozit PP/FA

Uach | PPIO0% OFA | opuon vpa | opamost Mra | P00 MEA
0 149 149 149 149
5 13,7 i - 132
10 127 12,8 12,9 12,5
15 133 12,9 13,0 123
20 14.0 13,7 13.8 13.5
25 149 13.5 13.9 13.9

3.2. Tinh chit co Ii ciia vét liéu compozit PP/FA

D6 bén kéo dut ciia vat lidu compozit PP/FA duoc mé ta ¢ bang 2. Quan st bang 2 ta thay
khi ting ham lugng FA, d6 bén kéo dut ctia vat lidu giam chung té cdc hat FA tuong téc va lién
két yéu v6i nén PP, dé)ng thoi c6 su két tu céc hat FA trong nén PP. Chinh su két tu nay cua FA,
nhét 12 & ham lugng 16n 1am cho mg sudt tap trung & cdc hat FA trong qua trinh kéo dit va bi
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pha v& khi ing suat di 1on. Khi ham lugng FA ting, s6 lwong va kich thudc cdc hat két tu ting
1€n, vi thé 1am giam d¢ bén kéo dut cia vat li¢u compozit PP/FA.

Béng 2. D6 bén kéo durt cla vat lieu compozit PP/FA

Do bén kéo dut (MPa)

Ham l(‘f,/g)ng FA 1 pp/100% OFA PP3/ 07(2 ‘@gﬁf‘ / PPZ/OS%%M(;iA | PP/ 100% MFA
0 34,0 34,0 34,0 34,0
5 184 : : 276
10 18,9 21,6 22,6 28,8
15 19,8 22,0 21,8 28,0
20 19.2 213 20,9 275
25 19,1 20,0 20,5 21,4

Tir bang 2 ta thdy, & cing mot ham luong FA, vat liéu compozit PP/100% MFA c6 d6 bén
kéo dut 16n nhat. Khi dwa hdn hop FA (OFA va MFA) vao PP véi céc ti 16 OFA/MFA 1a 70/30
va 80/20, do bén kéo dut cua vat liu tang 1&€n dang ké so véi vat liéu c6 OFA, tuy nhién van
thdp hon so véi vat liéu chi chira MFA. O ham luong 10% FA, d6 bén kéo dut cua vat liu
compozit PP/70% OFA/30% MFA va vat liéu compozit PP/80% OFA/20% MFA tang 14,3% va
19,6% so voi vat liéu compozit PP/100% OFA, trong khi d6 do bén kéo dut cua vat liéu
compozit PP/100% MFA ting 52,4% so v&i mau PP/100% OFA. O ham luong 10% MFA, vit
liéu compozit PP/100% MFA c6 do bén kéo dit 16n nhit. Nguyén nhan 1a do phan vinyl trong
MFA dé tron 14n, rbi cudn véi PP, do d6 MFA c6 kha ning phén tan vao nén PP tét hon so voi
OFA. Mit khic, nho céc tuong téc vat Ii gitra cdc hat MFA véi nén PP, kha nang két tu ctia cdc
hat MFA giam, do d6, do bén kéo dat cua vat liéu compozit PP/MFA 16n hon so vdi compozit

PP/OFA.
Bang 3. Bo gian dai khi dit cta vat liéu compozit PP/FA
Do gian dai khi dat (%)
Ham lugng FA PP/70% PP/80%

(%) PP/100% OFA OFA/30% MFA | OFA/20% MFA PP/100% MFA
0 765 765 765 765
5 475 - - 740
10 455 660 718 741
15 407 673 605 730
20 360 640 511 710
25 327 553 430 700
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Bang 3 cho thay d6 gian dai khi dut cta vat liéu compozit PP/FA giam khi ting ham luong
FA. Su giam d6 gian dai khi dat cta vat liéu compozit PP/FA so véi PP c6 thé 1a do PP 1a mot
polyme it phan cuc c6 do gian dai 16n, con FA 12 mot hop chit vo co c6 bé mit riéng 16n. Khi
dua FA vao nén PP, FA va PP khé tuong hop v6i nhau, dong thoi cdc hat FA dé tao cdc khuyét
tat bén trong PP, vi thé d6 gidn dai khi dit cia PP giam. O ham lugng 10% FA, d¢ gian dai khi
dat cta vat liéu compozit PP/100% MFA 16n nhét, tang 62,9% so vd&i vat liéu compozit
PP/100% OFA, 12,3% so véi vat liéu compozit PP/70% OFA/30% MFA, 3,2% so vai vat liéu
compozit PP/80% OFA/20% MFA va chi giam 3,1% so v6i mau PP ban d4u. Nhu viy, MFA
lam giam d6 gidn dai khi dut ciia PP nho hon so vi OFA trong PP. Biéu nay cho thay bién tinh
FA 1 rat can thiét dé tang kha ning twong hop, tron 13n va bam dinh v6i PP nén, giam sy két ty
céc hat FA, giam tao thanh cac khuyét tat [10 - 14], cac hat MFA lién két cdc hat OFA vdi PP,
do dé, tang d6 gian dai khi dut cta vt liéu compozit.

3.3. Hinh thai ciu tric cta vat liéu compozit PP/FA

Hinh 3 va hinh 4 13 anh hién vi dién tir quét theo mit cat ngang ciia vat liéu compozit
PP/OFA va PP/MFA. Trén hinh 3A d& dang quan sit thiy cic hat OFA phan tan khong déu véi
kich thudc kha 16n (~ 60 um) trong nén PP. Sau khi bién tinh FA bang VIMS, céc hat MFA
phan tan vao nén PP vdi kich thudc nho hon cic hat OFA (hinh 3B). Nguyén nhan 1a do phan
vinyl trong VTMS gin vao cdc hat MFA d& phan tdn va lién két v6i mach dai phan tir PP, do d6,
céc hat MFA tuong tic va bam dinh véi nén polyme t6t hon.
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Hinh 3. Anh hién vi dién t0r quét cta vat liéu compozit PP/FA, ti 1&é 5% FA, A: OFA, B: MFA

Khi ting ham lugng FA 1én 15%, cdc hat MFA van phan tdn va lién két v6i nén PP tot hon
so Vi cac hat OFA. Diéu nay If giai sy suy giam dd bén kéo dut va do gian dai khi dut cia vat
liéu compozit PP/OFA 16n hon so véi vat liéu compozit PP/MFA.
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Hinh 4. Anh hién vi dién t& quét cha vat liéu compozit PP/FA, ti 1&é 15% FA, A: OFA, B: MFA

4. KET LUAN

Mo men xoan cua vat liéu compozit PP/FA giam khi ting ham lugng FA. O trang thdi néng
chay, ché tao vat liéu compozit PP/MFA dé dang hon va tiéu ton it ning lugng hon so véi vat
liéu compozit PP/OFA.

Do bén kéo dirt va do gidn dai khi dat cia vat liéu compozit PP/MFA 16n hon so véi vat
liéu PP/OFA va PP/OFA/MFA & ciing mdt ham lugng FA. Cic hat MFA phan tdn trong nén PP
ddng déu hon va bam dinh v&i nén polyme tét hon so vai cdc hat OFA.
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SUMMARY

STUDY ON PREPARATION OF COMPOSITE MATERIALS BASED ON
POLYPROPYLENE AND FLY ASH IN MELT STATE

The composites of polypropylene (PP) reinforced by fly ash (FA)were prepared by melt
mixing at 180°C in a Haake Rheomixer. Vinyl trimethoxy silane (VIMS) was used to modify
FA and improve the interaction between PP and FA. The effect of FA contents on some
characteristics such as relative melt viscosity, mechanical properties, and morphology of the
composites has been investigated. The obtained results indicated that the relative melt viscosity
of the composites PP/FA was decreased with increasing FA contents in PP. The tensile strength
and elongation at break of the composites PP/FA with different content of FA were lower than
those of neat PP. After modifying FA with VIMS (MFA), the composites PP/MFA exhibited
higher tensile strength, and elongation at break, but lower relative melt viscosity than the
composites PP/FA without VIMS (OFA) and PP/OFA/MFA. The comparison of above
properties of the composites reinforced with MFA, OFA and mixed OFA and MFA revealed that
the composites using MFA showed better reinforcing properties. Among the composites with
MFA different content, the composite with 10% MFA showed the highest tensile strength and
elongation at break. The SEM study of the cross surfaces of the composites indicated that the
modification of FA with VIMS increased interfacial interaction and adhesion between PP and
FA and also improved the dispersion ability of FA in PP matrix.
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