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Vat heu compozit nhura nhiet dec - b$t g6 (BG) la loai vat lieu moi, dirffc quan tam nhi€u trong Hnh virc x3y 
dung, kiln true vi c6 nhung UTI diSm: do b€n co" hoc cao, ben thM tiet, ben hoa chat... Tuy nhi&n, loai v | t lien 
nay con tfln tai mgt s6 nhuvc dilm can du^c khde phuc: kha nang tirong hop kem giira 2 pha nhijra va BG, 
dl ngam hm, kem bSn nhiet... Bai bao trinh bay kit qua nghien cuu che tao va khao sat mgt so tinh chat (dg 
bin nhiet, tinh Iiru biln, kha nang hap thu nuorc) cua vat lieu compozit polyvinyl clorua {PVC)/BG. BG sau 
khi biln tinh bSng tetraethyl octosilicat (TEOS) da giup lam tang kha nang tmnig hgp giira 2 pha trong 
compozit do hinh thanh cac hat nano SiO^ tren b l mat BG; cac nghien ciru vl tinh chat liru bien da chi ra 
rSng, do cung vat lieu tang thong qua gia tri mo dun t rv dgng hgc G'. Ket qua phan tich ohiet cho tbay, 
nhiet do bdt d^u phan huy ciia vat iieu compozit su* dung BG biln tinh dtrgc cai thi^n, tai 600''C khoi linmg 
chat rdn con lai cua mlu tang 12%; dd hdp thu nvo'c cung dirgrc han chl. Nghien cmi nay dirgrc ky vgng se 
tao tiln dl giup cai thien chdt lirgng v^t liSu compozit, mô  rgng pham vi Irng dung cua chung trong nhieu 
Unh vuc cua doi sdng. 

Tir khda: bpt go, compozit PVC/bptgd, dp ben nhiet, tinh chdt lmt bien. 

Chisophdn loai2.5 

Dat van d i 

Nganh cong nghiep che bien g6 cua nuoc ta phat 
trien manh me trong hem mpt thap ky qua nho nhu cau 
tieu thu tren the gioi tang cao, chi rieng nam 2014 kim 
ngaeh xuat khau dat 6,5 ty USD [1]. Cung voi do, lugng 
phe lieu trong san xuat che bien go ciing tang manh, 
chiem ty Ie 45-63% the tich nguyen lieu [2]. Phan lon 
Iugng phe lieu nay bi thai ra moi truong hoac dung cho 
muc dich lam chat dot voi gia tri kinh t l khong cao. 
BG ciing dugc xuat khau sang thi truong Tmng Quoc, 
Dai Loan, Malaysia, Thai Lan... nhimg vai gia rat re 
(khoang 800.000 dong/tan). Trong khi do, cac cong ty 
thuang mai cua Viet Nam Iai nhap khau cac mat hang 
san xuat tii vat lieu compozit nhira/go tir cac nuac do 
de ban trong nuoc voi gia cao. Do do, viec tan dung 
nguon phe heu BG trong nuac dl chl tao cac vat lieu 
polyme compozit nhira/BG phuc vu trong cac nganh 
cong nghiep san xuat vat lieu xay dung, kiln true, giao 
thong van tai, nong nghiep... thay thl cac san phSm 
nhap ngoai co tiem nang Ion vl khoa hgc, tmh kinh t l 
song song vdi viec giam 6 nhilm moi truang va phat 
trien ben viing. 

* Tdc gid lien he: Email: vugiang.lit@gnuiil.com 

Nhimg nam gan day, vat lieu compozit BG (WPp 
tren nen nhua PVC da thu hiit su quan tam cua cac nha 
nghien cuu a Viet Nam va tren the gioi. Vol tm diem 
nhu dp Cling Ion, kha nang chiu nuac cao, ben thoi tilt, 
vat lieu WPG co chua PVC the hien su vupt trgi so voi 
WPC nen polyolefin thong thuong. Vat lieu nay co the 
dupc su dung lam ciia ra vao, ciia so... trong nganh 
xay dung [3]. Tuy nhien, nhugc dilm ciia PVC la nhay 
nhiet dp cao so voi polyolefin. Cac san pham phan hiiy 
ciia PVC gay dpc hai (nhu HCI dupc hinh thanh trong 
qua trinh phan buy bcri nhiet). D6ng thai, PVC va BG 
tuong tac vdi nhau kem do su khac nhau ve can tao, cau 
tnic va ban chat hoa hpc. Vi vay, de cai thien kha nang 
tuong tac giiia be mat soi go vdi nhua nen cung nhu 
nang cao tinh chat nhiet cho vat lieu, mot so tac nhan 
noi doi va cac chat xii Iy be mat cho go nhu cac silan da 
dugc nghien cuu [4, 5]. Cac nghien ciiu nay chi ra rang, 
vat lieu su dung BG da qua xii Iy khong nhiing cai 
thien duac dp ben nhiet ma con nang cao dang ke cac 
tinh chat ca hpc so vcri vat lieu sir dung BG chua xu Iy. 

Trong nghien cuu nay, cac tac gia de xuat mgt 
phuang phap cai thien ro ret tmh chSt ca hpc va kha 
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Study on rheological, thermal properties 
and water uptake ofthe polyvinyl 
chloride/wood flour composites 

Summary 

Thermoplastic/wood flour composites have 
become new materials in the fields of construction 
and architecture due to the advantages: high 
mechanical properties, weather resistance, 
chemical resistance... However, thermoplastic/ 
wood flour composites have stiU existed some 
disadvantages which should be overcome such 
as poor compatibility between the two phases 
of plastic and wood flour, easy to absorb the 
moisture, low temperature resistance. In 
this study, the composite materials based on 
poly(vinyI chloride) (PVC) and wood flour 
were manufactured, and some properties were 
examined, for example, heat stability, rheological 
properties and water absorption. Accordingly, 
the wood flour using tetraethyloctositicate 
(TEOS) for surface modification enhanced the 
compatibility between the resin and wood flour 
through theformationofSiO^nanoparticlesonthe 
surface of wood flour. Surveying the rheological 
properties of composite materials indicated the 
higher hardness: increasing the storage modulus 
G' . Results of thermal gravimetric analysis 
(TGA) showed the decomposition temperature 
of the composites using modified wood flour 
was improved. At 600°C, the remaining weight 
of denatured sample increased up to 12%. The 
moisture absorption of composite using modified 
wood flour could also be restricted. These results 
are expected to create the basis for improving 
the quality of composite materials, helping to 
expand the scope of applications of PVC/wood 
flour composites. 

Keywords: P VC/woodflour composite, rheological 
property, thermal stability, wood flour. 

Classification number 2.5 

nang tucmg tac vai nhua nen cua vat lieu WPC nen 
nhua PVC va BG bien tinh bl mat bang cac hat nano 
SiOj dupc tong hpp true tiep tren be mat BG. Day la 
mpt phuang phap moi, chua tung duac nghien cuu 
truac day. Uu diem cua phuang phap nay la cac hat 
nano SiO, hinh thanh se Iam tang kha nang tuong tac 
vai nhua nen, cai thien ro ret tinh chat ca hpc ciia vat 
lieu nhu dp cung, dp ben keo, dp ben uon... Cu the, 
vat lieu compozit dupc che tao tren nen nhua PVC va 
BG bien tinh boi tac nhan TEOS bang phuang phap 
phoi trpn nong chay. Qua trinh bien tinh nay duac dieu 
khien bang phan iing thuy phan va ngung tu de chuyen 
hoa TEOS thanh cac hat nano SiO^ bam tren be mat 
BG (in situ). BG duac lira chpn trong nghien cuu nay 
la loai BG keo tai tupng dupc diing pho bien trong 
cong nghiep che bien go 6 Viet Nam. Cac tinh chat ltm 
bien, tinh chat nhiet, tinh ngam am cua vat lieu WPC 
se dupc danh gia va so sanh giiia BG chua xu ly va BG 
da xu ly. 

Thuc nghiem ua cac phuvng phap nghien ciiu 

Nguyen lieu vd hoa chdt 

- Nhua nen: PVC dang hat dupc cung cap bai 
Cong ty TNHH nhua va hoa chat TPC ViNa (Viet 
Nam), loai Grade SG 660 co dp trung hpp trung binh 
n = 980-1020, K = 65-67. 

- BG ciia cay keo tai tupng duac sii dung co kich 

thuac hat khoang 100 |im. 

- TEOS 98%, cong thuc CgH^^O^Si, duac cung cdp 
tu Cong ty hoa chat DAEJUNG (Han Qu6c) theo tieu 
chuan hoa chat phan tich (PA). 

- Cac phu gia: 

+ Phu gia hoa deo: dioctyl phtalat (DOP) duoc cung 
cap tu Cong ty hoa chat Due Giang. 

+ Phu gia on dinh: kem stearat, bari stearat (duac 
che tai Phong thi nghiem, Vien Ky thuat nhiet doi, 
Vien Han lam KH&CN Viet Nam). 

- Dung moi: c6n tuyet d6i (C^H^H) 99,5% duoc 
cung cap tu Cong ty hoa chat Diic Giang. 

Phucmg phdp che tgo vdt lieu compozit PVC/BG 

Bien tinh be mat BG bang TEOS [6, 7]: BG dugc 
dem say kho trong tu say vofi thai gian la 5 gio tai 
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100"C din khoi Iugng khong d6i. Tiln hanh khuay 
h6n hgp: 100 g BG trong 500 ml dung dich con 99,5% 
chua hon hgp TEOS va nuac cdt (theo ty le tich 1:1) 
trong thcri gian la 30 phut 6 ty 1? khoi lugng m^os- "^BC 
= 1%; 3%; 5% va 10%, sau do nho tir tu amoniac dl 
dilu chinh dp pH cua dung dich va duy tri hdn hgp a 
nhiet dp 50°C voi khudy tu trong 2 gio. H6n hgp sau 
phan ling duoc dem lpc bang thiet bi hut chan khong 
va riia sach bang con de Ioai bo silan con du. Chat ran 
thu dugc dem say kho de loai bo dung moi, thu dugc 
BG da gdn hat silica (BT). 

Che tgo vgt lieu compozit PVC/BG: vat lieu compozit 
PVC/BG dupc chl tao theo phucmg phap ph6i trpn 
nong chay tren thiet bi trpn kin Haake Rheomix 610 
(CHLB Due). Cac n^u vat lieu compozit dupe che 
tao a nhiet dp 180°C, thai gian 4 phiit, toe dp trpn tir 
75 vong/phiit, ty Ie ham lugng BG 30% (tinh theo 
compozit). Sau do, hon hgp nong chay dugc ep dinh 
hinh tdm phang tren thilt bi ep nhiet Toyoseky (Nhat 
Ban) 6 nhiet dp bang nhiet dp phoi trpn toi mi trong 2 
phut, ap suat ep 5 MPa. Mau sau khi lam nguoi dugc 
bao quan a dieu kien nhiet dp phong it nhat 24 gia 
truac khi xac dinh cac tinh chat. 

Phwffngphdp nghien cim 

Phuang phdp phdn tich nhiet trong luang (TGA): 
phuang phap nay nghien ciiu su thay doi lien tuc ve 
khoi lugng ciia mau theo nhiet dp trong moi trucmg 
khong khi tu nhien va trong moi trudng khi nita. Qua 
trinh phan tich TGA dugc thuc hien tren may DTG 
50H cua hang Shimazu (Nhat Ban) tai Khoa Hoa hpc, 
Truang Dai hpc Su pham Ha Npi, toe dp gia nhiet 
10°C/phut, moi tmang khi nito, ttr nhiet dp phong den 
600"C. 

Phuangphdp lim bien trgng thdi rdn: cac tinh chat 
Iim bien dugc xac dinh tren may ltm bien C-VOR 150 
cua Anh, a nhiet dp 35"C, tdn so cua luc tac dpng thay 
doi tir 0,5-4 Hz theo timg buoc dugc chuang trinh 
boa, thai gian ngung sau m6i tdn so la 20 giay (du dl 
mlu hoi phuc lai trang thai ban ddu). Phep do dugc 
tien hanh tai Vien Ky thuat nhiet ddi, Vien Han lam 
KH&CN Viet Nam. 

Khdo sdt khd nang hdp thu nuac cua vgt lieu: kha 
nang hap thu nuoc dugc xac dinh theo tieu chudn 
ASTM D570. Ban dau cac mlu dugc sdy cho din khoi 

lugng khong doi, sau do dugc ngam trong nuac cSt, tiii 

thcri diem nhat dinh, moi man dugc lay ra khoi ong chua 

nuoc, lam kho bang each lau giay thdm va sau do can 

nang dl xac djnh sir h ^ thu nuoc, sau moi chu ky dem 

can mau de xac dmh trpng Iugng cua mau, tir do tinh ham 

Iugng nuac hdp thu frong mlu. 

Ket qua va thao luan 

Luu bien trang thdi rdn 

Mo dun trir dpng hoc G': mo dun tru dgng hpc G' 
mo ta quan he giiia ung suat va biln dang h-ong vung 
dan h6i ducri tac dyng ciia ngoai luc thay d6i theo tdn 
s6. Mo dun G' dac trung cho dp ciing cua vat Ueu. Khi 
cac chdt phan tan va kit dmh tdt voi nen nhua, mo dun 
G' CO xu huang tang. Do do, nghien cuu tinh chat G' la 
phucmg phap tin cay xac dinh kha nang phan tan cua 
BG CO va khong biln tinh bcri TEOS trong nen nhira 
PVC. 

Hinh 1 chi ra su phu thuoc cua G' vao tan so goc (©) 
cua cac mlu PVC/BG va PVC/BT tai cac ham lirpng 
chdt biln tinh khac nhau. Tai tdn so thap, bien dang 
cua cac mlu compozit bien tinh va khong bien tinh 
la giong nhau va the hien tinh chat ty le giua G' va 
tdn so goc tuan theo quy tdc Cox-Merz [8]. Khi tang 
ham Iupng chat bien tinh TEOS, gia tri G' ciia cac mlu 
compozit CO xu hucmg tang ro ret. Dieu do chiing to 
cac hat nano SiO^ tao thanh va bam Ien tren be mat sgi 
go da phan tan tuong doi dong deu, do do, Iam giam 
kich thuac cac 16 trong do BG tao ra trong qua trinh gia 
cong trpn nong chay. Vi vay, viec hinh thanh cac hat 
nanosilica da tao ra su lien ket tot giua BG bien tinh 
va nen PVC, lam tang gia trj mo dun tru dgng hpc cua 
vat Ueu PVC/BT. 

Tuy nhien, xu huong bien doi cua G' theo tan so 

goc doi vai cac mlu c6 su khac nhau, vcri mau PVC/ 

BG va PVC/BTI, gia hi G' tang nhe theo tdn s6 goc, 

trong khi cac mau c6 ham lugng chat bien tinh lon (3-

10%), gia tri G' CO xu huong giam tai cac gia tri tan so 

goc 1cm. Ket qua nay co the do qua trinh chuyen hoa 

TEOS thanh SiO^ khong hoan toan, ham Iugng silan 

con du CO the Iam cau tnic vat lieu tra nen mem hon, 

dp dan hoi ciia vat Ueu compozit giam, khi do ung suat 

tac dpng len mlu c6 dp tre tang khi tac dgng tai cac tan 

so goc Ion. 

V 
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3.0Et8 

2 5E+a 

' 2.0E*a 

Tan 5^ goc (rad/s) 

Hinh 2- dnh hudng cua hdm lirang TEOS bien linh BG len C'ciia compozit 

Tinh chdt nhiet cua vpt lieu compozit PVC/BG 

Hinh 3 la gian do TGA cua nen PVC, gian do dugc 
dimg Iam mau so sanh de danh gla dp ben nhiet ciia vat 
lieu PVC/BG. Hinh 3 cho thay 2 giai doan phan buy 
nhiet ciia PVC, giai doan dau la qua trinh phan hiiy 
giai phong HCI, giai doan 2 la qua trinh phan huy cua 

phu gia (DOP) va phdn con lai cua polyme. Ket qua 
phan tich TGA cho thay 2 nhiet dp bat dau phan huy 
cua PVC T^__|=245,6°CvaT^^ = 48I,2°C. Ham lugng 
h-o con lai (bao g6m cac chat phu gia vo co va tro cua 
polyme bi phan buy) la 17,69%. 

Hinh 1: dnh hudng cua ham luang TEOS biin linh BG den G 'ctia compozil 

MS dun ton hao G": su phu thupe ciia G" va tan so 
goc cua vat lieu PVC/BG va PVC/BT dugc chi ra tren 
hinh 2. So sanh bien doi G" ciia cac mau PVC/BG voi 
cac mau PVC/BT da chi ra su khac biet. Gia tri C 'cua 
cac mlu PVC/BG c6 xu huang tang dan theo tan so 
goc; trong khi a cac mau PVC/BT, gia tri G" hau nhu 
khong tang va co xu huang khong phu thuoc vao tan so 
nay, dac biet la mau PVC/BT5 va PVC/BT 10. Dua vao 
sir bien doi nay, voi cac ty Ie chat bien tinh lon han 5% 
khoi lugng TEOS, c6 the coi la miic nguong cua ham 
lugng TEOS Ien tren BG. 

T("C) 

Hmh 3 gian dd TGA cua man PVC 

Hinh 4 trinh bay gian do TGA cua PVC/BG va PVC/ 

BT vdi cac ham lupng bien tinh khac nhau. Tir hinh 4 

CO the thay ro su phan huy nhiet cua vat lieu PVC/BG 

va PVC/BT (bpt go biln tinh TEOS) diu co dac trung 

giong vai nen PVC, bao gom 2 giai doan phan buy. 

Cac mau bat dau suy giam khoi lugng d khoang nhiet 

dp tu 100°C den 250°C, qua trinh nay xay ra do su bay 

hai cua nuac ngam am trong mau va su tach thoat ban 

dau cua HCI khoi PVC. Sy giam khoi lugng manh cua 

cac mau PVC/BG va PVC/BT xay ra chu yeu trong 

khoang sau tir nhiet dp 245-490°C. Qua trinh nay chu 

yeu do sir phan huy ciia mach PVC va BG. Trong 

giai doan nay, cac mau compozit su dung BT the hien 

xu huang co nhiet dp phan hiiy cao ban so vai mau 

PVC/BG va PVC, kit qua chi tilt dupc liet ke trong 

bang 1. Cac mau co ham lupng bien tinh cang lan thi 

CO dp ben nhiet cang cao. Dieu nay phan anh dp ben 

nhiet cua vat lieu da dugc cai thien sau khi bien tinh 

BG do lop SiO^ ben nhiet da hinh thanh va bao bpc 

xung quanh spi go. Nhd do, ham lugng tro cdn lai cua 

cac mau bien tinh cung cao ban so vdi mau PVC/BG. 
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• ) PVC/BG 

PVC/BT 1 
PVC/BT 3 
PVC/BT S 

^ PVC/BT 10 

Xa " 
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\ 

"̂ -̂xl 
" 

Nhifit do (**c) 
Hinh 4: gidn do phdn dch nhiel cua compozit PVC/BG vd PVC/BT 

Iheo bdm luang TEOS khac nhau 

"""'' 
M3D 

PVC/BG 

PVC/BTI 

PVC«T3 

PVC/BT 5 

PVC/BT 10 

PVC 

ac linh chal nhiet Mc rnrng cua cac mdu compozit PVC/BG 
va PVC/BT tai cac ham luang TEOS khde nhau 

T.,{*C) 

262,81 

263,51 

263,06 

26239 

261,56 

245,60 

T„cq 
329,2! 

331,08 

333J3 

334,46 

334,68 

308,55 

T„CC) 

418,92 

423,42 

427,93 

430,11 

430,41 

438,90 

T.cq 
488,96 

487,61 

486,49 

487,61 

488,96 

481,20 

% COD liii ir 5 2 0 ^ 

24,73 

25,82 

26,63 

2733 

27,08 

17,69 

Khd ndng hdp thu nu&c 

Do hap thu nudc cua vat Ueu duoc xac djnh theo 
tieu chudn ASTM D570, trong do, % thay doi khdi 
lugng mau dugc xac dinh theo thdi gian ngam mlu 
trong nudc. Kit qua thi nghiem dp hdp thu nudc cua 
vat Ueu compozit PVC/BG, PVC/BTI, PVC/BT3, 
PVC/BT5 dugc thl hien tren bang 2 va hmh 5. 

Bang 2: dg ngdm dm (%) cua compozil iheo ihrn gian 

1 Thoi gian (gia) 

1 

3 

6 

24 

48 

72 

% 
120 

144 

lii 

PVC/BC 

0.24 

(J.3S 

0.59 

149 

162 ; 

2,11 ,' 

2,44 

Z66 

2,69 

2.72 

PVOBTl 

0,09 

0> 

0,61 

091 

1.49 

2,02 

2.12 

2)8 

2.41 

2,45 

pvc/m 

Oli 

0.21 

0.45 

113 

122 

1.52 

1.72 

195 

1,99 

2.03 

PVOITS 

0,10 

0,15 

0,40 

1.0! 

110 

1,75 

1.85 

1.92 

1.96 

2,00 

Ket qua do cho thay, dp hap thu nudc cua tdt ca 
cac mlu compozit deu tang theo thdi gian ngam. Miic 
dp hap thu nudc trong 24 gid ddu thay ddi theo tic dp 
0,05-0,06%/gid d tdt ca cac mau. BMI ddu, nudc xan 
nhap vao mau qua cac khe hd, vit mit t l vi tren bl mat 
mlu xuat hien trong qua trinh gia cong mlu. Cf giai 
doan tiep theo, BG bat dau tiep xiic va h ^ thu nudc 
thong qua cac mao quan. Sau khoang 40 gid ngam, 
dp hap thu nudc cua cac mlu bdt ddu cho thdy sir khac 
nhau ro ret. Theo do, cac mau su dyng BT bdi TEOS 
ham Iugng cao cd dp hap thu nudc nhd va nguge Iai. 
Doi vdi BG da bien tinh, cac hat silica da dugc phu Ien 
be mat BG lam giam qua trinh hap phu nudc vao ben 
trong BG. Mat khac, vat Ueu compozit chira BG bi&n 
tmh cd dp tuang hgp cao, chat che vl cdu true, nen 
nudc khd xam nhap vao ben trong vat lieu. Tai 168 gid 
ngam, PVC/BG va PVC/BT I la 2,72 va 2,45%, cao 
ban rat nhieu so vdi dp ngdm dm ciia PVC/BT 3 va 
PVC/BT 5 (tuang limg la 2,03 va 2,00%). 

Hinh 5. dnh hudng cua hdm lupng TEOS biin linh BG din dp ngim am 
cua vdl lieu PVC/BG 

Ketluan 

Tir cac ket qua tren cho thdy, qua trinh biln tinh 
BG bang tac nhan TEOS da cho thdy tinh hieu qua 
trong viec cai thien gia tri G' cua vat lieu so vdi mau 
chua bien tinh. Danh gia tinh chdt nhiet ciia vat heu 
cho thay, nhiet dp bat ddu phan hiiy ciia cac mlu 
PVC/BT cao ban so vdi mau PVC/BG hi 262^0 Ien 
263°C cho giai doan I va tir 418''C Ien 430''C cho giai 
doan 2. Ham lugng can cdn lai da tang tir 25% cho 
mlu PVC/BG len 28% cho mdu PVC/BT 10, dilu nay 
chung td cac mlu compozit bien tinh da dugc cai thien 
do ben nhiet. Danh gia kha nang hdp thu nudc ciia vat 
lieu cung cho thay, cac man bien tinh cd ham lugng 
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nudc bi hSp thu thap hem ro ret so vdi mau khong bien 
tinh. 

Ldi cdm cm 

Cdc tdc gid trdn trong cdm an Vdn phong Cdc 
chitomg trinh trong diem cdp nhd nuac, Bp KH&CN 
dd tdi tra kinh phi cho viec thuc hien cdc npi dung du 
dn sdn xudt thie nghiem md so KC02.DAU/U-15. 
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