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Vit liéu compozit nhyra nhiét déo - bot g (BG) 1a loai vt liéu méi, dwge quan tim nhiéu trong linh vue xay
dung, kién tric vi ¢6 nhirng wu diém: dd bén co hoc cao, bén thoi tiét, bén héa chit... Tuy nhién, loai vat lidu
nay con ton tai mdt sé nhwoe diém cin dwge khic phuc: kha niing twong hop kém giira 2 pha nhya va BG,
d& ngAm am, kém bén nhiét... Bai bao trinh bay két qua nghién ciru ché tao va khio sat mgt so tinh chit (49
bén nhiét, tinh lwu bién, kha ning hip thu nwéc) cia vat liéu compozit polyvinyl clorua (PVC)/BG. BG sau
khi bién tinh bang tetraethyl octosilicat (TEOS) da gitup lam ting kha ning tlro'ng ho’p giira 2 pha trong
compozn do hinh thanh cic hat nano SiO, trén bé mit BG; cac nghién ciru vé tinh chét lwu bién da chira
rang, d c1rng vat liéu tang thong qua gia tri mo dun trir dong hoc G’. Két qua phin tich nhiét cho thay,
nhiét d¢ bat diu phan hiy cia vt liéu compozit sir dung BG bién tinh dwoc cai thién, tai 600°C khéi luwgng
chit rin con lai ciia miu ting 12%; dd hap thu nwéc ciing dwoe han ché. Nghién ciru nay dwoe ky vong sé
tao tién dé giup cai thién chét lwgng vat liéu compozit, mé rong pham vi irng dung ciia chiing trong nhiéu
linh vue ciia doi song.

Tir khéa: bjt gb, compozit PVC/bjt g6, dp bén nhiét, tinh chit luu bién.
Chi s6 phdn logi 2.5

Nhitng nim gan ddy, vat liéu compozit BG (WPC)
trén nén nhua PVC da thu hat sy quan tdm cua cac nha
nghién ctru & Viét Nam va trén thé gioi. Vi vu diém
nhu d6 cing 16n, kha nang chiu nudce cao, bén thoi tiét,
vt ligu WPC c6 chira PVC thé hién sy vuot trdi so véi
WPC nén polyolefin thong thuong. Vat liéu nay co thé
duogc str dung 1am cira ra vao, ctra s6... trong nganh
xdy dung [3]. Tuy nhién, nhugc diém ciua PVC la nhay
nhiét 6 cao so vdi polyolefin. Cac san pham phan huy
cua PVC gay ddc hai (nhu HCI dugc hinh thanh trong
qua trinh phan hiy bai nhiét). Pong thoi, PVC va BG
tuong tac voi nhau kém do sy khac nhau vé cAu tao, cAu
trac va ban chat hoa hoc. Vi vay, dé cai thién kha ning
tuong tac gitra bé mat soi gd v6i nhya nén ciing nhu
nang cao tinh chat nhiét cho vat liéu, mot sd tac nhan
nbi d6i va cac chét xir Iy bé mat cho gb nhu cac silan da
dugc nghién ciru [4, 5]. Cac nghién ctru nay chi ra rang,
vat liéu st dung BG da qua xu ly khong nhiing cai
thién dugc d6 bén nhiét ma con nang cao dang ké cac

pat van de

Nganh cong nghiép ché bién gb cua nudc ta phat
trién manh mé trong hon mét thap ky qua nhd nhu cau
tiéu thu trén thé gidi ting cao, chi riéng nam 2014 kim
ngach xuat khau dat 6,5 ty USD [1]. Cting véi d6, lugng
phé liéu trong san xuat ché bién gd ciling ting manh,
chiém ty 1& 45-63% thé tich nguyén liéu [2]. Phin 16n
luong phé liéu nay bi thai ra moi trudng hodc dung cho
muc dich 1am chat dot voi gia trj kinh té khong cao.
BG ciing dugc xut khau sang thi truong Trung Qudc,
Dai Loan, Malaysia, Thai Lan... nhung véi gia rat ré
(khoang 800.000 dong/tan). Trong khi d6, cac cong ty
thuong mai ctia Viét Nam lai nhap khau cac mat hang
san xuét tir vat liéu compozit nhya/gd tir cac nude do
dé ban trong nudc véi gia cao. Do do, viée tan dung
ngudn phé liéu BG trong nudc dé ché tao cac vat liéu
polyme compozit nhya/BG phuc vu trong cac nganh
cong nghiép san xuat vat liéu xay dung, kién tric, giao
thong van tai, nong nghiép... thay thé cic san pham

nhap ngoai c6 tiém nang 16n vé khoa hoc, tinh kinh té
song song v&i viéc giam 6 nhiém moi trudng va phat
trién bén viing.

* Tac gia lién hé: Email: vugiang.lit@gmail.com
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tinh chat co hoc so véi vat liéu str dung BG chua xir 1.

Trong nghién ctru nay, cac tac gia dé xuat mot
phuong phap cai thién rd rét tinh chat co hoc va kha
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Study on rheological, thermal properties
and water uptake of the 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 still 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(vinyl 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 tetraethyloctosilicate
(TEOS) for surface modification enhanced the
compatibility between the resin and wood flour
through theformation of SiO,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: PVC/wood flour composite, rheological
property, thermal stability, wood flour.
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nang twong tdc voi nhya nén cta vat lidu WPC nén
nhua PVC va BG bién tinh bé mit bé“mg cac hat nano
SiO, duogc tong hop truc tiép trén bé mat BG. Pay la
mot phuong phap mdi, chua tung dugc nghién cuu
truge ddy. Uu diém cua phuong phap nay 1a cac hat
nano SiO, hinh thanh s€ lam tang kha nang tuong tac
v6i nhya nén, cai thién rd rét tinh chit co hoc cua vat
liéu nhu do cimg, do bén kéo, do bén udn... Cu thé,
vat liéu compozit dugc ché tao trén nén nhua PVC va
BG bién tinh boi tac nhan TEOS bang phuong phap
phéi tron nong chay. Qua trinh bién tinh nay duoc diéu
khién bang phan (mg thiy phan va ngung tu dé chuyén
héa TEOS thanh cac hat nano SiO, bam trén bé mit
BG (in situ). BG duoc lya chon trong nghién ctru nay
1a loai BG keo tai tugng dugc dung phd bién trong
cong nghiép ché bién gb ¢ Viét Nam. Cac tinh chét luu
bién, tinh chat nhiét, tinh ngdm am ctia vat licu WPC
s€ dugc danh gia va so sanh gitta BG chua xur 1y va BG
da xu ly.
Thuc nghiém va cac phuong phap nghién ciu

Nguyén ligu va héa chit

- Nhya nén: PVC dang hat duoc cung cip boi
Cong ty TNHH nhya va hoa chit TPC ViNa (Viét

Nam), loai Grade SG 660 c6 d6 trung hgp trung binh
n=980-1020, K = 65-67.

- BG cuia cdy keo tai tugng dugc st dung c6 kich
thude hat khoang 100 um.

- TEOS 98%, cong thirc C,H, 0,Si, dugc cung cép
tir Cong ty hoa chat DAEJUNG (Han Qudc) theo tiéu
chuan hoa chit phan tich (PA).

- Céc phu gia:

+ Phu gia hdéa déo: dioctyl phtalat (DOP) duoc cung
cép tir Cong ty hoa chit Puc Giang.

+ Phu gia On dinh: k&m stearat, bari stearat (dugc
ché tai Phong thi nghiém, Vién K§ thuat nhiét doi,
Vién Han lam KH&CN Viét Nam).

- Dung méi: con tuyét doi (C,H.OH) 99,5% dugc
cung cap tir Cong ty hoa chit Ptc Giang.

Phwong phdp ché tao vit liéu compozit PVC/BG

Bién tinh bé mdt BG bang TEOS [6, 7]: BG duoc
dem sy kho trong ti sdy voi thoi gian 12 5 gid tai
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100°C dén khéi lugng khong dbi. Tién hanh khuay
hdn hgp: 100 g BG trong 500 ml dung dich con 99,5%
chira hdn hop TEOS va nudc ct (theo ty 1¢ tich 1:1)
trong thoi gian 1 30 phut & ty 1& khdi luong m. o cmg.
= 1%; 3%; 5% va 10%, sau d6 nho tir tr amoniac dé
diéu chinh d6 pH cta dung dich va duy tri hdn hop &
nhiét d6 50°C véi khudy tir trong 2 gid. Hon hop sau
phan g dugc dem loc bang thiét bi hut chan khong
va rira sach ba"mg cOn dé loai bo silan con du. Chét rin
thu duoc dem séy kho dé loai bo dung moi, thu duogc
BG di gin hat silica (BT).

Ché tao vt liéu compozit PVC/BG: vat liéu compozit
PVC/BG duoc ché tao theo phuwong phap phdi tron
néng chay trén thiét bi tron kin Haake Rheomix 610
(CHLB Puc). Cac méau vat liéu compozit dugce ché
tao & nhiét d6 180°C, thoi gian 4 phit, téc do tron tir
75 vong/phit, ty 1€ ham luong BG 30% (tinh theo
compozit). Sau d6, hon hop néng chay duogc ép dinh
hinh tim phéng trén thiét bi ép nhiét Toyoseky (Nhat
Ban) & nhiét do bang nhiét do phdi tron tdi wu trong 2
phut, ap suat ép 5 MPa. Méu sau khi 1am nguoi duoc
bao quan & diéu kién nhiét do phong it nhat 24 gid
trude khi xac dinh céc tinh chat.

Phuwong phap nghién ciru

Phwong phdp phan tich nhiét trong luong (TGA):
phuong phap nay nghién ciru sy thay doi lién tuc vé
khéi lwong ciia mau theo nhiét do trong méi truong
khong khi tu nhién va trong méi truong khi nito. Qua
trinh phan tich TGA dugc thyc hién trén may DTG
50H cua hang Shimazu (Nhat Ban) tai Khoa Héa hoc,
Truong Pai hoc Su pham Ha Noi, tbe do gia nhiét
10°C/phut, moi truong khi nito, tir nhiét ¢ phong dén
600°C.

Phuwrong phdp leu bién trang thdi ran: cic tinh chat
luu bién duogce xac dinh trén may luu bién C-VOR 150
ctia Anh, & nhiét do 35°C, tan s6 cua luc tac dong thay
d6i tir 0,5-4 Hz theo ting budc duoc chuong trinh
hoa, thoi gian nglmg sau mdi tan s 1a 20 gidy (du dé
mau hoi phuc lai trang thai ban dau). Phép do duoc
tién hanh tai Vién K¥ thuat nhiét d6i, Vién Han 1am
KH&CN Viét Nam.

Khao sat kha nang hcfp thu nwdc cua vat liéu: kha
ning hip thu nudc duge xac dinh theo tiéu chuan
ASTM D570. Ban dau cac mau duoc siy cho dén khéi
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lugng khéng doi, sau d6 dugc ngdm trong nudc cat, tai
thoi diém nhat dinh, mdi miu duoc lay ra khoi dng chira
nuée, lam kho bang cach lau gidy tham va sau d6 can
nang dé xac dinh sy hap thu nudc, sau mdi chu ky dem
can mau dé xac dinh trong luong ctia miu, tir d6 tinh ham
lugng nudc hap thy trong mau.

Két qua va thao luan
Luwu bién trang thdi rin

M6 dun triv dong hoc G’: md dun trit dong hoc G’
mo ta quan hé giira ing suat va bién dang trong ving
dan hoi dudi tac dung cuia ngoai lyc thay doi theo tan
s6. M6 dun G’ dic trung cho do ctng caa vat liéu. Khi
cac chat phan tan va két dinh t6t v6i nén nhya, mo dun
G’ ¢6 xu hudng tang. Do d6, nghién ctru tinh chat G 1a
phuong phap tin cay xac dinh kha nang phén tan cta
BG c6 va khong bién tinh boi TEOS trong nén nhua
PVC.

Hinh 1 chi ra su phu thudc ctia G’ vao tan sb goc (o)
clia cac mau PVC/BG va PVC/BT tai cac ham luong
chat bién tinh khac nhau. Tai tan s6 thap, bién dang
clia cac mau compozit bién tinh va khong bién tinh
la gidng nhau va thé hién tinh chét ty 1¢ giita G’ va
tan s6 goc tudn theo quy tic Cox-Merz [8]. Khi ting
ham lugng chat bién tinh TEOS, gia tri G’ clia cac mau
compozit c¢6 xu hudng ting rd rét. Diéu d6 chimg to
céc hat nano SiO, tao thanh va bam Ién trén bé mit soi
gd da phan tan tuong d6i dong déu, do d6, lam giam
kich thudc cac 16 tréng do BG tao ra trong qua trinh gia
cong tron nong chay. Vi vay, viéc hinh thanh cac hat
nanosilica d3 tao ra su lién két t6t gitta BG bién tinh
va nén PVC, lam tang gia tri mo dun trit dong hoc cua
vat liéu PVC/BT.

Tuy nhién, xu hudng bién déi ciia G’ theo tan sd
goc ddi voi cac miu co sy khac nhau, véi mau PVC/
BG va PVC/BTI, gi4 tri G’ ting nhe theo tan s goc,
trong khi cdc mau c6 ham lugng chat bién tinh 16n (3-
10%), gia tri G* c6 xu hudng giam tai cac gia tri tan sd
goc 16n. Két qua nay c6 thé do qua trinh chuyén hoa
TEOS thanh SiO, khong hoan toan, ham lugng silan
con du c6 thé 1am cAu tric vat liéu tré nén mém hon,
d6 dan hi cua vat liéu compozit giam, khi do tng suét
tac dong 1én mau c6 do tré ting khi tac dong tai cac tan
s6 goc 16n .
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Hinh 1: anh hudng ciia ham luong TEOS bién tinh BG dén G’ ciia compozit

M6 dun ton hao G”’: su phu thudc cua G” va tan s
gdc cua vat liéu PVC/BG va PVC/BT duogc chi ra trén
hinh 2. So sanh bién d6i G cua cac mau PVC/BG véi
cac mau PVC/BT da chi ra su khéc biét. Gia tri G”cta
cac mau PVC/BG c6 xu huéng ting dan theo tan sb
goc; trong khi & cac mau PVC/BT, gid tri G hau nhu
khong tang va c6 xu hudng khong phu thuge vao tan s6
nay, dic biét la mau PVC/BTS va PVC/BT10. Dya vao
su bién ddi nay, véi cac ty 1¢ chét bién tinh 16n hon 5%
khéi lugng TEOS, c6 thé coi 1a mirc ngudng cta ham
lwong TEOS 1én trén BG.
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Hinh 2: anh hiéng ciia ham heong TEOS bién tinh BG lén G” ciia compozit
Tinh chit nhiét ciia vit ligu compozit PVC/BG
Hinh 3 1a gian d6 TGA cua nén PVC, gian d6 dugc

dung 1am mAu so sanh dé danh gia do bén nhiét ctia vat
liéu PVC/BG. Hinh 3 cho thay 2 giai doan phan huy
nhiét cua PVC, giai doan dau 1a qua trinh phan huy
giai phong HCI, giai doan 2 1a qua trinh phan hay cua
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phu gia (DOP) va phan con lai cua polyme. Két qua
phan tich TGA cho thiy 2 nhiét do bat dau phan huy
ctaPVC T =245,6°CvaT ,=481,2°C. Ham lugng
tro con lai (bao gdm cac chét phu gia v6 co va tro cia
polyme bi phan huy) la 17,69%.
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Hinh 3: gian d6 TGA ciia mau PVC

Hinh 4 trinh bay gian d6 TGA cua PVC/BG va PVC/
BT véi cac ham luong bién tinh khac nhau. Tir hinh 4
c6 thé thdy r6 su phan huy nhiét cua vat liéu PVC/BG
va PVC/BT (bot gd bién tinh TEOS) déu c6 dic trung
gidng v6i nén PVC, bao gdm 2 giai doan phan huy.
Céc mau bat dau suy giam khdi lugng & khoang nhiét
do tir 100°C dén 250°C, qué trinh nay xay ra do su bay
hoi clia nudc ngdm am trong mau va sy tach thoat ban
dau cua HCI khoi PVC. Sy giam khéi lwgng manh cua
cac mau PVC/BG va PVC/BT xay ra chi yéu trong
khoang sau tir nhiét do 245-490°C. Qua trinh nay chu
yéu do sy phan hiy cua mach PVC va BG. Trong
giai doan ndy, cic mau compozit sir dung BT thé hién
xu huéng c6 nhiét do phan huy cao hon so véi mau
PVC/BG va PVC, két qua chi tiét dugc liét ké trong
bang 1. Cac mau c6 ham luong bién tinh cang 16n thi
c6 do bén nhiét cang cao. Diéu nay phan dnh d¢ bén
nhiét ctia vat liéu da dugc cai thién sau khi bién tinh
BG do 16p SiO, bén nhiét d3 hinh thanh va bao boc
xung quanh soi gd. Nhd d6, ham luong tro con lai ciia
cac mau bién tinh ciing cao hon so v6i mau PVC/BG.
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Hinh 4: gian dé phén tich nhiét ciia compozit PVC/BG va PVC/BT
theo ham lwong TEOS khac nhau

Bdng 1: cdc tinh chdt nhiét ddc trung ciia cdc mau compozit PVC/BG
va PVC/BT tai cac ham luong TEOS khac nhau

Miu [T, (C) [T, (C) |T,,(C) | T, (C) | % conlaid520°C
PVC/BG | 26281 | 32928 | 41892 | 48896 473
PVCBT1 | 26351 | 331,08 | 42342 | 48761 25,8
PVC/BT3 | 263,06 | 33333 | 42793 | 48649 26,63
PVC/BTS | 26239 | 33446 | 43018 | 48761 2133
PVC/BT10 | 261,56 | 334,68 | 43041 | 488,96 27,08
PVC 24560 | 30855 | 43890 | 48120 17,69

Khd nang hép thu nwéc

Do hap thu nude cua vat liéu duoc xac dinh theo
tiéu chuan ASTM D570, trong d6, % thay d6i khoi
lugng mau dugc xac dinh theo thdi gian ngdm mau
trong nude. Két qua thi nghiém do hap thu nudc cua
vat liéu compozit PVC/BG, PVC/BT1, PVC/BT3,
PVC/BTS5 dugc thé hién trén bang 2 va hinh 5.

Bang 2: d¢ ngam am (%) ciia compozit theo thoi gian

Thoi gian (gio) | PVC/BG PVC/BT1 PVC/BT3 PVC/BT5
1 0,24 0,09 0,15 0,10
3 0,38 0,26 0,28 0,15
6 0,59 0,61 045 0,40
24 149 091 1,13 1,05
48 1,62 149 1,22 1,10
7 2,11 2,02 1,52 1,75
96 2,44 2,12 1,72 1,85
120 2,66 2,38 1,95 1,92
144 2,69 241 1,99 1,96
168 2,72 245 2,03 2,00

Hﬁé :gﬁs it Ny s 72016

Két qua do cho thay, do hap thu nudc cua tat ca
cac mau compozit déu ting theo thoi gian ngdm. Mirc
d6 hap thu nudc trong 24 gid dau thay doi theo toe do
0,05-0,06%/gid & tt ca cac mau. Ban dau, nudc xam
nhap vao mau qua cac khe ho, vét niit té vi trén bé mat
mau xuit hién trong qué trinh gia cong mau. O giai
doan tiép theo, BG bt dau tiép xtic va hap thu nudc
thong qua cac mao quan. Sau khoang 40 gio ngam,
d6 hap thu nudc ciia cac mau bét dau cho thay su khac
nhau 16 rét. Theo d6, cic mau st dung BT bai TEOS
ham lugng cao c¢6 do hép thu nuéc nho va nguoc lai.
Dbi voi BG da bién tinh, cac hat silica da dugc phu 1én
bé mit BG lam giam qua trinh hap phu nudc vao bén
trong BG. Mit khéc, vat liéu compozit chira BG bién
tinh c6 do tuong hop cao, chit ché vé cau triic, nén
nudc kho xam nhép vao bén trong vat li¢u. Tai 168 gid
ngam, PVC/BG va PVC/BT 1 1a 2,72 va 2,45%, cao
hon rat nhiéu so v&i do ngdm am cia PVC/BT 3 va
PVC/BT 5 (tuong tng 1a 2,03 va 2,00%).
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Hinh 5: dnh hiéng ciia ham leong TEOS bién tinh BG dén d ngam dm
cua vit liéu PVC/BG

Két luan

Tir cac két qua trén cho thiy, qua trinh bién tinh
BG bang tac nhan TEOS da cho thdy tinh hiéu qua
trong viéc cai thién gia tri G’ cia vat liéu so véi mau
chua bién tinh. Panh gia tinh chit nhiét cua vat liéu
cho thdy, nhiét do bat dau phan hay cia cac mau
PVC/BT cao hon so véi mau PVC/BG tir 262°C 1én
263°C cho giai doan 1 va tur 418°C 1én 430°C cho giai
doan 2. Ham lugng cé@n con lai da tang tor 25% cho
mau PVC/BG 1én 28% cho miu PVC/BT10, diéu nay
ching t6 cac mau compozit bién tinh da dwoc cai thién
d6 bén nhiét. Panh gia kha nang h:?ip thu nudc caa vat
liéu ciing cho thay, cac mau bién tinh c6 ham lugng



Khoa hoc Ky thuat va Céng nghé

nude bi hip thy thip hon 6 rét so voi mau khong bién
tinh.

Loi cim on
Cac tac gia tran trong cam on Van phong Cac
chwong trinh trong diém cap nha nudc, B6 KH&CN

da tai tro kinh phi cho viéc thuc hién cdc noi dung dy
dn san xudt thir nghiém ma sé KC02.DA11/11-15.
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