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Tom tit:

Vit liéu polyme compozit trén nén polyamit 11 (PA11) va bt tre (BT) dwoc ché tao bing phwong phap trén néng
chay trén thiét bi tron ndi Haake. Pé nang cao kha niing két dinh giira cac thanh phan compozit, polyvinyl ancol
(PVA) vé6i cac ham lwong khac nhau dwoc dwa vao compozit theo 2 phwong phap: Phdi tron néng chay true tiép
cung v&i cac thanh ph::,m compozit va xir Iy bé mit BT trong dung dich c6 mit PVA truéc khi phdi tron néng
chay. Khio sat dd bén kéo ciia vat liéu compozit ddi véi 2 phlro’ng phap ché tao cho thiy, cac miu compozit c6 BT
dworc xir ly truwédc véi PVA cho do bén kéo cao hon so véi cac miu ph01 tron nong chay. Két qua thu dwgc tai ty 1€
PA11/BT (60/40) c6 mit 10%Kkl PVA ché tao theo phwong phap nay cho d bén kéo dut dat gia tri cao nhét (41,5
MPa). Tai ty 1¢ nay, d9 din dai khi dit ciia vat lidu ciing dat gia tri cao nhit 13 6,9%. Nho kha ning phén tin
va két dinh ciia PVA véi cac thanh phin compozit tot, nén vit liéu compozit theo phwong phap nay c6 do ngim
nwéc trong 24 h thip hon so véi phwong phap troén noéng chay true tiép. Két qua nay ciing phi hop khi quan sat

bé mit pha v cAu tric cia vat liéu bang anh SEM.
Tir khéa: Bét tre, compozit nhwa g6, polyamit 11, PVA.
Chi s6 phén logi: 2.5

Md dau

Trong nhitng nim gan day, nhu ciu trang tri ndi - ngoai
that lién quan dén vat liéu compozit nhua g6 trong kién
tric va xay dung ngady cang gia tang nho kha nang tao
ra su khac biét va tinh thim my cao. biéu nay c6 duoc
la do vat liéu so hitu cac tinh chét gidng g, than thién
moi truong, kha nang dinh hinh da dang, tudi tho cao...
Lam nén cac tinh chat doc dao cua vat lidu compozit nhya
0 1a sy két hop cac wu diém cua nhwa nén va cac chat
don nhu: Bot gd, BT, cac soi thuc vat ty nhién va cac soi
xenlulozo... Nhitng loai sgi nay déu co tinh chat co hoc
t6t va co ty khdi thap, do vay ching dugc cho 1a giai phap
“xanh” trong viéc thay thé cac soi truyén thong nhu soi
thuy tinh, cac chit don vo co... [1, 2]. Trong cac loai sgi
thuc vat, soi tre thé hién nhiéu vu diém hon ca nhé tinh
chét co hoc cao va da dang, c6 thé cung cip cho cic nganh
cong nghiép véi s6 lugng 16n, gia thanh ré [3].

PA11 13 dong nhya polyme sinh hoc, ban tinh thé c6
nhiét d6 nong chay khoang 190°C va c6 tinh chit co hoc
vuot trdi so véi mot sb nhua nén phé bién hién nay nhu PP,
PE hay PVC [4]. PA11 ¢6 d6 phan cuc twong ddi cao nho
nhém amin va nhom hydroxyl trong phédn tir nén c6 thé
tuong hop v6i BT dé tao thanh vat liéu compozit c6 d bén
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co hoc cao [5, 6]. Tuy nhién, vat liéu PA c6 nhuoc diém 1a
d6 ctmg 16n va kho gia cong. Do vy, mot sé nghién ciru
da dé cap t6i viéc sir dung chit twong hop dong vai tro
hd trg gia cong cho PA11. Trong d6, PVA s& hiru mat do
nhom hydroxyl cao, cé tinh linh dong cao nén thich hop
lam chét trong hop cho nén PA11 véi BT. Tac gia Stoyko
Fakirov [7] dé ché tao thanh cong hdn hop PA va PVA véi
thanh phan PVA c6 thé dat t&i 60% khoi lwong. Tuy nhién,
cac nghién ctru st dung blend PA/PVA dong vai tro lam
nhya nén cho vat liéu compozit con nhiéu han ché, chua
duoc dé cap. Do do6, viéc nghién ctru st dung PVA nhu
mot chit tuong hop cho vat liéu compozit PA11/BT s¢
nang cao dang ké kha ning twong tic va bam dinh giira
nhya nén va BT, 1am cai thién dang ké tinh chat co hoc.
Diéu nay c6 dugc nho cAu tric ciia PVA c6 mat dd nhoém
hydroxyl cao nén dé twong hop voi BT. Bén canh dé, cac
nhém nay ciing ¢ thé két hop voi nhém hydroxyl hoic
amin trong PA11. Nho sy twong tic gitta cac thanh phan
PA11, PVA va BT, vit liéu compozit nay s& thé hién dugc
cac tinh chat co hoc ndi trdi so véi vat lidu compozit nhya
g0 thong thuong khac.

Do vay trong nghién ctru nay, ching t6i da lga chon
ché tao vat lidu compozit trén nén PA11 va BT thén thién
vGi moi truong c6 sir dung chét twong hgp PVA. Trén co
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Abstract:

Polymer composites based on polyamide 11 (PA11) and
bamboo flour (BF) were prepared by a melt mixing
method on Haake equipment. In order to improve
the adhesion between components of the composites,
polyvinyl alcohol (PVA) at different concentrations
was added into the composites by the two following
methods: PVA, PA1l, and BF were mixed together in
the melting state (abbreviated as the melting method);
and BF was treated by PVA in a ethanol solution before
added into the composites (the modifying method). The
result of tensile test showed that the tensile strength
(TS) of composites produced by the modifying method
is higher than that of other composites fabricated by
the melting method. At the ratio of PA11/BF (60/40)
and PVA concentration of 10 wt.%, the TS value
reached the highest peak at 41.5 MPa. Besides, the
elongation at break of the composites is 6.9%. The
composites prepared by the modifying method had
lower water uptake for 24 h than that of the melting
method. It means that PVA played a more effective
role in the modifying method in comparsion with the
melting method. The result was also relevant with the
observation of the fracture surface of composites by
SEM images.
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so danh gia mdi twong quan giira tinh chat co hoc, d9 hap
thu nuéc va thanh phan vat liéu (BT va PVA) dé tim ra ty
1¢ t6i wu trong viéc ché tao vat liéu compozit Nghién ctru
nay da sir dung mot s6 phuong phap ché tao khac nhau dé
tim ra giai phap t6i uu trong viéc cai thién tinh chit cua
vat liu.

Thuc nghiém va cac phugng phap nghién ciiu
Nguyén liéu

Nhua PA11 (hang Arkema, Phap) nhiét do nong chay
1a 188°C, khdi lwong riéng: 1,02 g/cm?. BT c¢6 kich thudc
lot sang 100 mesh (150 mm), khdi lugng riéng 1,1 g/em?,
d6 am nho hon 8%, duoc cung cip boi Cong ty TNHH ché
bién gd VNDD Viét Nam. PVA cua hing Sigma-Aldrich
(M¥), ¢6 trong lwong phan tir tir 31.000 dén 50.000 dvC.

Ché tao vit ligu compozit PA11/BT

Phuwrong phép trén néng chay tryc tiép: Hon hop PA11/
BT (theo cac ty 18 70/30, 60/40, 50/50) va PVA (chiém
téng khéi luong mau 1an luot 1a 5, 10, 15%) dwoc can
chinh x4c va dugc tinh toan dé dam bao hé sb dién day cua
mau trong budng tron cua thiét bi tron ndi Haake (hinh 1)
1a 0,75. Mau compozit PA11/PVA/BT dugc gia cong voi
ché d6 nhu sau: 200°C; toc do truc quay 50 vong/phut, voi
thoi gian 1a 5 phut trén thiét bi tron nong chay Haake. Sau
d6, mau ¢ trang thai nong chay dugc lay ra chuyén sang
may ép thiy luc TOKYOSEIKY ép thanh dang tim phing
véi nhiét do ép 220°C va luc ép 20 MPa. Cac mau dugc
lam ngudi & nhiét 46 phong va dé 6n dinh it nhét 1 ngay
trude khi khao sat tinh chat cua vat lidu.

Thiét bi ép

May tinh diéu khién

Hinh 1. May tron ndi Haake.

Phwong phdp bién tinh: Ban dau, can mot lugng PVA
chinh x4c hoa tan trong 200 ml nude cat c6 hd trg khuay
tir trong 1 h & 70°C, téc d6 500 vong/phut. BT duoc phan
tan vao dung dich trén (dé dam bao ham luong PVA chiém
5, 10, 15%kl ctia mau compozit) khudy tir tiép tuc trong



45 phiit dén khi tao thanh hén hop déu ctia BT va PVA.
Hdn hop thu duogc dem sdy dén khi loai bo hét nude dé thu
duoc hon hop BT va PVA.

Tiép theo, hdn hop PA va BT duogc bién tinh boi PVA
(dugc tinh toan theo dung ty 1€ phwong phap trdn nong
chay) duoc tron nong chay trén thiét bi tron ndi Haake v6i
diéu kién gia cong twong tu nhu phuong phap tron truc tiép.

Phuwong phdp nghién ciru

Céc tinh chat co hoc nhu d6 bén kéo dirt, do dan dai khi
dut duoc xac dinh bang may kéo dut da nang Zwick Z2.5
(CHLB Dirc) theo tiéu chudn ASTM D638, toc do kéo 5
mm/phtt ¢ nhiét 6 phong. Mdi loai mau duge do 3 1an dé
liy gia tri trung binh.

Hinh théi ciu trac bé mat vat liéu compozit nhya gb
duoc xac dinh trén kinh hién vi dién tir phét xa trudng
(FESEM) S-4800 cua hang Hitachi (Nhat Ban), vai do
phong dai c6 thé 1én t6i 500.000 1an, tai Vién Vé sinh dich
té Trung wong.

bo ngém nude duge xac dinh theo tiéu chudn ASTM
D570, mau duge ngam trong nudc voi thoi gian 1a 24 h.
Sau d6 mau dugc lay ra, lau kho va xac dinh khéi lugng.
Ham lugng nudce hép thu cua vat liéu (%kl) dugc tinh toan
theo cong th’l'rc: m% = 100*(mp- m )/m, (%). Trong do:
m , m_la khoi lwuong mau ban dau va sau khi ngam.

Két qua va thao luan
Dj bén kéo ciia vit ligu compozit PA/PVA/BT

Do bén kéo dirt (Rb): DO bén kéo dut cua cac miu
compozit PA11/BT c6 va khong c6 PVA duoc trinh bay &
bang 1. Mau PA 11 ban diu c6 d6 bén kéo dut 1a 37,5 MPa.
Khi phdi tron voi BT, gia tri d6 bén kéo dirt giam nhe. Vi
ham lugng BT dua vao 1a 30%, do bén kéo dirt ban dau 1a
35,6 MPa, khi tang ham luong 1én 40% thi do bén kéo dut
tang 1én 39,1 MPa. Tuy vay, khi tiép tuc ting luong BT 1én
50% thi d¢ bén kéo durt lai bi giam. Diéu d6 cho thiy ham
luong 40%k1 BT dat trang thai phén tan tot nhat. Két qua
nay cling phu hgp véi nghién ctu trude, khi sir dung BT
bién tinh boi TEOS gia cudng da cai thién dang ké do bén
kéo cho nén PA11 [8]. Khi st dung chat trong hop PVA,
d6 bén kéo dit ciia cac mau compozit tang dan va dat gia
tri 16n nhét tai 10%kl PVA. Diéu nay chimg to PVA c6 kha
ning cai thién sy phan tan BT trén nén PA11, gop phan
lam tang do bén kéo. Khi ham lwgng PVA vuot qua 10%,
PVA lam tang su phan tach pha cua vat li¢u va lam giam
két dinh ctia PA v6i BT cia vat liéu. Didu nay dan dén do
bén kéo dut giam nhanh ngay ca khi sir dung PVA cho ca
2 phuong phéap bién tinh hodc tron ndng chay.
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Bang 1. P9 bén kéo diit (MPa).

Tylg¢ 0%kl PVA 5%kl PVA 10%Kkl PVA 15%Kk1 PVA
Kkhéi
e ngnning 79 P T g T P
PA/BT chiy s padp 'S phip s PP

ety chayr bién chayr bién tinh chayr bién

: truc tiep tinh truc tiép truc tiep tinh

70/30 35,6 35,8 36,1 36,3 37,7 34,7 34,9
60/40 39,1 39,6 40,5 40,6 41,5 39,9 40,8
50/50 36,5 37,4 37,6 38,2 39,6 37,3 37,5

So sanh giita phuong phap tron nong chay truc tiép
va phuong phap bién tinh (nhu d3 mé ta trong phan thyc
nghiém), do bén kéo dut cua cac mau compozit sit dung
BT bién tinh cao hon. Dic biét, tai ty 1¢ PA/BT (60/40) c6
bién tinh boi 10%k] PVA, do bén kéo dut dat gia tri 16n
nhét 12 41,5 Mpa, cao hon so vi mau tron néng chay truc
tiép (40,6 MPa). Sy gia ting nay duoc hiéu 1a do trong
dung dich kha nang phan tan va bam dinh cia PVA lén BT
déu hon so voi phuong phap noéng chay. Do vay hiéu qua
gia cuong cho BT tét hon so véi phuong phép tron nong
chay.

D din dai khi dirt (Rm): Két qua thi nghiém vé do dan
dai khi dut cta vat liéu compozit dugc trinh bay ¢ bang
2. Tr s6 lidu thu dugc cho thiy, khi tang ham lugng BT
d6 dan dai khi dat giam dan. Mau PA11 ¢6 d6 dan dai khi
dat 1a 35,9%. Khi ham Iwong BT 1a 50%kl, gia tri nay con
5,2%. Sy suy giam do bén kéo dut 1a do tinh dong nhat
ctia nhya nén giam khi c6 mat BT. Tuy nhién, d¢ dan dai
khi durt c6 sy gia ting nhe khi xuét hién PVA. Cac miu sir
dung BT bién tinh c6 do dan dai khi dat cao hon so véi
mau ché tao bang phuong phap truc tiép. Twong ty nhu
v6i @6 bén kéo dut, mau sir dung 10%kl PVA tai ty 1¢ PA/
BT (60/40) c6 d6 dan dai khi dut dat két qua cao nhét 1a
6,9%. Két qua nay phan anh kha nang phan tan va két
dinh cta chat don trong nén PA dudi su hd trg cua PVA
tao ra vat li€éu compozit cé tinh d@)ng nhét cao hon so véi
mau tron néng chay truc tiép va mau khong sir dung PVA.

Bang 2. D9 dan dai khi dit (%).

Tyle 0%kl 5%kl PVA 10%Kk1 PVA 15%kl PVA
PA/BT  PVA
Trjn Tron ~ Phuong  Tron  Phuwong  Tron  Phwong
nong chiay nong  phap  néng  phdp nongchdy  phdp
tructibp  chiy  bien  chiy  bién  trwctiép  bién
trectip  tinh  trwctiép  tinh tinh

70/30 58 6,2 6,6 6,8 6,9 6,3 6,4
60/40 56 6,0 6,4 6,5 6,9 6,2 6,3
50/50 52 54 6,4 6,4 6,5 6,1 6,2

31



s Khoa hoc Ky thuat va Céng nghé

Dy ngdm nwoc

Do ban chit ciia PA va BT déu c6 tinh phan cuc, nén
kha ning ngdm nuéc cua vat liéu compozit ndy cao hon
so voi nhua nhiét déo thong thuong. Két qua khao sat kha
nang ngim nudc ctia vat liéu polymer compozit PA11/BT
trong 24 h dugc chi ra trong bang 3.

Bang 3. P§ ngdm nuéc (%kl) trong 24 h cha vat ligu
polyme compozit PA11/BT dugc ché tao theo 2 phuong
phap khac nhau.

Ty 1€ Phuong phap truc tiép Phuong phap bién tinh
PA/BT 0%kl 5%kl 10%KkI 15%kl 0%kl  5%Kki  10%kl  15%kl
PVA PVA PVA PVA PVA PVA PVA PVA
70/30 1,43 1,55 1,61 1,65 1,43 1,50 1,56 1,60
60/40 2,32 2,43 2,84 2,93 2,32 2,38 2,80 2,85
50/50 2,63 2,51 2,58 3,01 2,63 2,42 2,82 2,95

Két qué cho thay, kha nang hip thy nudc cia vat liéu
polymer compozit ting theo ham lugng BT va theo thoi
gian. Tai 24 h dau tién, mau compozit PA/BT (70/30) c6
ham lugng nudc la 1,43%, gia tri ndy tang 1&€n 2,63% khi ty
16 PA/BT la 50%kl. Diéu nay 1a do BT c6 nhié¢u mao quan
rong nén nudc dé dang xam nhéap vao trong vat lidu. Ddi
v6i cac mau phdi tron nong chay truc tiép co mit PVA,
ham lugng nude bi hip thu co xu hudng ting nhe theo
ham lwong PVA va dat gia tri 16n nhét tai ham lugng PVA
1a 15%Kl. Vi du, tai ty 1é PA/BT la 60/40, mau compozit
khong sir dung PVA c¢6 ham lugng nudce hép thu 1a 2,32%,
gid tri ndy tang dan tir 2,43% lén t6i 2,93% tuong (mg véi
ham lugng PVA tir 5%kl 1én 15%kl. Cac mau compozit str
dung phuong phép bién tinh BT ciing cho thdy ham luong
nude hap thu cé xu hudng twong tu. Tuy vay, cic gia tri
nay nho hon so v6i phuong phap tron nong chay truc tiép,
diéu nay 1a nho kha nang phan tan déu cua BT da xir ly
trong nén PA11.

Hinh thdi céu triic ciia méu PA/BT

Hinh thai cu triic ctia bé mat mau sau pha v& dugc
khao sat bang phuong phap FESEM duogc gidi thiéu trén
hinh 2(A) boc 16 su két dinh giita BT va nhua nén kém,
trén bé mat xuét hién nhiéu vét nat va 15 tréng, bén canh
d6 trén bé mit phén tach pha gitra chit don va nén 1a kha
rd. Do d6 céc ung suét tap trung ta1 cac khuyet tat gy ra
su suy giam tinh chat co hoc cia mau compozit PA/BT.

Hinh 2. Anh c4u tric bé mit ciia cac miu: (A). Compozit

PA/BT, (B). PA/PVA/BT, (C). PA/BT bién tinh PVA.
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Tir hinh 2(B) ¢6 thé thiy, khi c6 mit PVA, tuong tac
ctia BT véi nhya nén PA dugc cai thién, giéi han pha tro
nén khong rd rang. Diéu nay 1a nhd PVA c6 kha ning
tuwong thich voi nhya nén PA va BT tdt, cai thién kha nang
két dinh giita cac ciu phan cua vat liéu. Sau khi compozit
bi pha v& bai luc tac dong manh, cac 16p nhya PA11 van
bao pht xung quanh soi go.

Viée xtr Iy BT béi PVA trong dung dich dan téi bé mat
BT da dugc bao phu mdt 16p PVA. Cac 16p nay da cai
thién dang ké kha nang két dinh giita cac thanh phan. Tai
bé mat pha cho thiy, c6 sy dong nhét pha giira pha nén va
BT nhu trén hinh 2(C). Diéu nay gidi thich tai sao cac tinh
chit ciia cic mau compozit PA/BT bién tinh cao hon so
v6i cac mau con lai va do ngdm nude ciia mau giam.

Tir két qua thu duoc cho thy, cac mau compozit dugc
ché tao tir BT bién tinh PVA trong dung dich c6 do bén kéo
va d6 dan dai khi dit cao hon so v&i cadc mau compozit sir
dung phuong phap phdi tron ndng chay truc tiép va dat gia
tri 16n nhét 1a 41,5 MPa va 6,9% tai ty 16 PA11/BT 60/40
st dung 10%Kk1 PVA. D6 ngdm nude cia vat liéu compozit
tang khi str dung PVA, tuy nhién diéu nay ciing dugc han
ché mot phan nhd phuong phap xtr Iy bé mat BT véi PVA
trude khi tron nong chay véi PVA. Nghién ctru cdu trac bé
mit cuia vat liéu compozit bang phuong phap SEM d chi
ra, nho c6 mat PVA da cai thién kha nang twong hop gitra
PA11 v6i BT. Didu nay giai thich cho su gia ting gia tri do
bén kéo, dd gian dai khi dut va han ché su héip thu nudc
vao trong mau. Hiéu qua nay con dugc thé hién r6 hon khi
st dung phuong phép bién tinh BT véi PVA.
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