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Vit lidu compnm nhwa nhiét déo - bpt go (B(‘) 14 Joai vat liéu mdd, dirge quan tam nhidu ivong linh vue xiy
dimg, kién tric vi cé uhlmg wu diém: i3 bén co hoc cao, bién thiri m:t, bén hoéa chit... Tuy nhién, loai vit ird]
nay con tnn t2i mot sb nhwge diém cin dirge khdc phuc: kha ning tmmg hgp kém giira 2 pha nhwa va BG,
dé ngam #m, kém bén nhiét... Bai bao trinh bay két qua nghién ciru ché tao vi khio sat mgt s tinh chét (i
bén ohigt, tinh fwy bién, kha ning hip thy nwéc) cida vat ligu compozit polyvinyl clorua (PYCY/BG. BG sau
khi bién tinh bang tetraethyl octosilicat (TEOS) da ginp lam tang kha ning tmmg hq’p giira 2 pha trong
compozit do hinh thinh cic hat nano SiO, trén b mit BG; cdc nghién ciru vé tinh chit lwu bién di chira
ring, dj cimg vit liéu ting thdng qua gid tri mé dun trir dong hoc G°. Két qué phan tich nhigt cho thiy,
nhiét dn bit dau phin hiy cia vét ligu compoxit sir dung BG bién tinh ilm;rc cai thin, tai 600°C khbi tromg
chit ran con lzi cha mau tang 12%; dé hip thy pwréc cing dirge han ché. Nghién ciru nay durge k vong sé
a0 titn dé giip cal thi¢n chét lrgng vt liéu compozit, mé rjng pham vi ing dung cia ching trong nhiéy
Tinh vire ciia dér sbng.

Tic kha: bjt g6, compozit PVC/bjt gb, 46 bén nhigt, tink chit luu bién.
Chi 58 phén logi 2.5

Datvan dé Nhitng nim ghn ddy, vit liéu compozit BG (WPC)
trén nén nhya PVC da thu hit su quan tim ctia c4c nhi
trién manh mé trong hon mét thip ky qua nho nbu ciu ng;hnérj Luu o Y‘él Nanf vi tr'én thé, gidi. V?' u'u d'é‘m
tiéu thu trén thé gidi ting cao, chi riéng nim 2014 kim nl}u' fif" cung lm,l’ kh’a nang Ch!:“ n_lfgc cao, ben Et_m “7"
ngach xuét khidu dat 6,5 t5 USD [1]. Ciing vi o, lugng Y3t iEu WPC c6 chita PVC the hicn sy vuot trdi so va1
phé ligu trong san xut ché bién gb ciing tang manh, WPC D_m poiyo}eﬁn t-héng thurémg, V:f%t Jigu ndy co}he
chiém ty 1& 45-63% thé tich nguyén ligu [2], Phin len 9Ue¢ 57 dung lam clia ra véo, olfa s0... trong nginh
Tuomg phé Fién nay bi thii ra mdi truong holc ding cho  X3¥ U8 [3]- Tuy nhién, nhuge diém cia PVC 14 nhay
myc dich lam chit dbt voi gid tri kinh & khéng cao. uhigt 4 cao so voi p_olyoleﬁu. Céc sin pham phin bity
BG ciing dugc xudt khdu sang thi truomg Trung Quéc, Cﬂzf P YC gﬁ): dé‘f hai {nhu HCI dugc hinh thinh trong
Dai Loan, Malaysia, Théi Lan... nhung véi gia rdt ré qua tnnh pl}:'m hiy boi nhiet). Dong thfn',‘P\'/C va B_.G
(khodng 800.000 ddng/tin). Trong khi @6, cac cong ty m’tmg‘tac' vai nAhau’ kém do sir khac lflllal:l v§ can ta.o, Sau
thuong mai cia Vigt Nam lai nhdp khiu cdc mit hang  T0¢ V2 bén chiit héa hoc. Vi véy, d¢ cai thign khé ofing
san xudt tir vt liéu compozit nhwa/gé tir cde nude d6 018 tac gilta be mit soi g6 v6i nhura nép cing ulm
dé ban trong nuéc véi gid cao. Do do, viee tn dung nzgl.mg c.ao tinh ch’it nhiét qho vit Iiéu,_ mét s0 tif nhan
nguén phé ligu BG trong nude dé ché tao céc vt liu noi ddi va cac chit xi Iy bé mit cho g6 nhu cic snlfmdﬁ
polyme compoxit nhira/BG phuc vu trong cc nganh duge nghién ciru {4, 5]. Cac nghién e nay chi raring,
cong nghigp sin xudt vt liu xy dimg, ki £n trixe, giao vat liéu sir dung BG di qua xi7 1y khéng nhimg cii
thong van tai, ndng nghiép... thay thé céc sin phim thién dL,“-’C d6 bén nhigt ma con ning cao ding ké cic
nhp ngoai co tiém nang Ién vé khoa hoc, tinh kinh t tinh chét co hoc s0 véi vit lidu sit dung BG chua xir1j.
song song vai viéc gidmn 8 nhiém méi tnrong va phat Trong nghién ciu ndy, cac tic gia dé xudt mot
trién bén vimng. phuong phdp cai thién r rét tinh chit co hoc va khi
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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,
hemical resi . H , 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
throughthe formationof 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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ndng tuong tac véi nhya nén cia vit ligu WPC nén
nhwa PVC va BG bién tinh bé mit bing cic hat nano
Si0, dugc tong hop truc tiép trén bé mat BG. Day la
mot phuong phap moi, chua timg duge nghién ciru
trude day. Uu diém cia phuong phap nay la cdc hat
nano $i0, hinh thanh s& lam ting kha néng twong tac
véi nhua nén, cai thién rd rét tinh chét co hoc cia vat
liéu nhu d6 cimg, dé bén kéo, dd bén udn... Cu thé,
vit ligu compozit duge ché tao trén nén nhya PVC va

. BG bién tinh boi tac nhan TEOS bang phuong phap

phéi trdn nong chay. Qua trinh bién tinh nay duge didu

: khién bang phan tmg thay phan va ngung tu dé chuyén
’ héa TEOS thanh cac hat nano SiO2 bam trén bé mat

BG (in situ). BG dugc lwa chon trong nghién ciru nay
1a loai BG keo tai twong dugce dung ph6 bién trong
cong nghidp ché bién gd & Viét Nam, Cac tinh chat lru
bién, tinh chat nhiét, tinh ngdm am cua vét lidgu WPC
s€ dugc danh gid va so sanh gitra BG chwa xir Iy va BG
da xir ly.

Thuc nghiém va cic phwong phap nghién ciu

Nguyén ligu v héa chat

- Nhya nén: PVC dang hat dugce cung cép bai
Cong ty TNHH nhua va héa chét TPC ViNa (Viét
Nam), loai Grade SG 660 cd d¢ tring hop trung binh
n=980-1020, K = 65-67.

- BG cua cay keo tai tugng dugc sir dung co kich
thude hat khoang 100 pm.

- TEOS 98%, cong thite C,H,,0,Si, duoc cung cap
tir Cong ty hoa chit DAEJUNG (Han Quédc) theo tiéu
chuin hoa chét phan tich (PA).

- Céc phu gia:

+ Phu gia hoa déo: dioctyl phtalat (DOP) dugc cung
cép tir Cong ty hoa chit Pic Giang.

+ Phu gia On dinh: k&m stearat, bari stearat (dwoc
ché tai Phong thi nghiém, Vién Ky thudt nhiét dei,
Vién Han lam KH&CN Viét Nam).

- Dung méi: con tuyét ddi (C,H,0H) 99,5% duge
cung cap tir Cong ty hoa chat Dirc Giang.

Phuwong phdp ché tao vit ligu compozit PVC/BG

Bién tinh bé mat BG bang TEOS [6, 7]: BG duoc
dem sdy kho trong tu sdy voi thoi gian 1a 5 gi¢ tai
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100°C dén khéi tuong khong d6i. Tién hanh khudy
hén hop: 100 ¢ BG trong 500 ml dung dich cdn 99,5%
chira hdn hop TEOS va nude ¢t (theo ty 16 tich 1:1)
trong thén gian 14 30 phut &ty 1€ khéi hegng Moy I,

= 1%; 3%; 5% va 10%, sau 46 nho tir tir amoniac dé
didu chink 46 pH cla dung dich va duy tri hdn hop &
nhiét 4o 50°C voi khudly tir trong 2 gi¢. Hn hop sau
phén tmg dugc dem loc bang thiét b hit chan khong
vi rira sach bing cn dé logi bé silan con du. Chét rén
thu duge dem shy khd dé loai bo dung méi, thu dugc
BG d4 gén hat silica (BT).

Ché tgo vét liéu compozit PYC/BG: vit lidu compozit
PVC/BG duge ché tao theo phuong phdp phéi tron
néng chay trén thiét bi tron kin Haake Rheomix 610
(CHLB Dixc). Céc mau vit lidu compozit duge ché
tao & nhiét do 180°C, thén gian 4 pht, tde d¢ trbn tr
75 vong/phut, ty 1¢ ham lwong BG 30% (iinh theo
compozit). Sau ¢6, hon hop néng chay dugc ép dinh
hinh tAm phing trén thiét bi ép nhiét Toyoseky (Nhét
Bin) & nhiét dj bling nhigt dé phdi tron 51 wu trong 2
phit, dp sudt ép 5 MPa. Mau sau khi lam ngudi dugc
bao quén o didu kién nhigt do phong it nhét 24 gio
trirdre ki xac dinh céc tinh chét.

Phurong phép nghién ciru

Phuong phap phdn tich nhiét trong leong (T GA}
phucmg phip nay nthen ciru sy thay ddi lién tuc vé
khdi luong cua miu theo nhiét dd trong mbi trudmg
khong khi tu nhién va trong méi trudmg khi nito. Qua
trinh phén tich TGA duoc thuc hién trén may DTG
S0H cia hing Shimazu (Nhit Ban) tai Khoa Hoa hoc,
Trwéng Pai hoc Su pham Ha Néi, toc do gia nhiét
10°C/phiit, mi truémg khi nito, tir nhigt 46 phong dén
600°C.

Phuong phdp lieu bién trang thai rdn: che tinh chét
Iwru bién dugc xac dinh trén may hru bién C-VOR 150
cila Auh, & nhiét d6 35°C, tin sé cua lyc tic dong thay
ddi tr 0,5-4 Hz theo timg buéc duoc chuong trinh
héa, théi gian ngimg sau mdi thn s6 14 20 pidy (da 4é
miu hdi phuc lai trang thai ban du). Phép do duoc
tién hanh tai Vién Ky thudt nhiét déi, Vién Han lam
KH&CN Viét Nam.

Khéo sit khd ning hap thuy mede cia vét lidu: kha
ning hép thu nuée duge xac dinh theo fidu chudn
ASTM D570. Ban déu céc mAu duge sdy cho dén khéi
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Irong khong déi, sau d6 dugc ngam trong nudc cit, wi
thof diém nhii dink, mbi miu duoc 13y ra khoi éng chira
nuée, lam kho bing cach lau gidy thim va sau d6 cin
niing dé xac dinh sy hip thu nudc, sau mdi chu ky dem
¢in miu dé xac dinh trong lugng clia mAu, tir 46 tinh him
Tugng nude hip thy trong méu.

Két qua va thao luan

Lucu bibn trang thii rin

Mé dun trit déng hoc G’: md dun trif déng hoc G
md t4 quan hé giita (mg sudt va bién dang trong viing
dan héi dudi tic dung cia ngoai luc thay dbi theo tin
s6. Mo dun G’ dic trung cho do cimg cua vat ligw. Khi
cdc chét phan tan va két dinh tdt v&i nén nhya, md dun
G’ ¢6 xu huéng tang. Do d6, nghién cim tinh chat G 1
phuong phép tin cdy xac dinh kba ning phin tan cia
BG ¢6 va khong bién tinh b TEQS trong nén shua
PVC.

Hinh 1 chi ra su phu thudc cita G’ vio thn sb géc ()
cia cdc miu PVYC/BG va PVC/BT tai cic ham luong
chét bién tinh khac nhau. Tai tin sé thép, bién dang
cila cAc miu compozit bién tinh va khong bién tinh
la glong nhau va thé hién tinh chit ty 1é gita G’ va
tn sb goc tufin theo quy the Cox-Merz [8]. Khi tang
ham legng chét bién tinh TEOS, gia trj G’ clia cac mhu
compozit ¢6 xu huong Ling 16 rét. Piéu 6 chimg to
céc hat nano Si0, 130 thanh va bam 1én trén bé mit sgi
20 di phan tan tuong doi dong déu, do 40, lam giam
kich thudc cac 18 tréng do BG tzo ra trong qud trinh gia
cong trén ndng chay. Vi vdy, viéc hinh thanh cic hat
nanosilica di tao ra sy lién két tét giita BG bién tinh
vi nén PVC, lam ting gid tri mé dun trir ¢ong hoc cia
vit lién PVC/BT.

Tuy uhién, xu huéng bién di cia G’ theo thn 5
gdc &6 voi cdc miu ¢ sir Khdc nhaw, voi mu PVC/
BG va PVC/BTI, gia tri G’ ting nhe theo tin sb goc,
trong khi cdc mAu c6 ham lugng chét bién tinh l6n (3-
10%), gi4 tri G” c6 xu hum:lg giam tai cac gia trj tAn sb
goc 1om. Két qua ndy ¢o thé do qud trinh chuyen héa
TEOS thanh S$i0, khéng hoén todn, ham lugng silan
con dur ¢é thé lam chu tritc vit liéu tré nén mém hon,
dd dan hdi cia vit lidu compozit gidm, khi d6 g sudt
o dong 1én miu oo 4 tré ting khi tac dong tai céc tn
56 goc 1én .
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Hinh 1: dnk fueing ciq ham tuong TEOS bién tink BG dén G- ciia compozit

M6 dun i6n hao G st phu thude ciia G va tin sé
goc cia vat lidu PVC/BG va PVC/BT duoc chi ra trén
hink 2. So sdnh bién di G cita cic miu PVC/BG véi
cac mau PVC/BT da chi ra s khac biet. Gid trf Gcla
cac mau PVC/BG ¢o xu hudng ting din theo tan s
g6c; rong khi & cic mAu PVC/BT, gia tri G hdu nhu
khéng tang vi ¢6 xu hudng khéng phu thuge vao tin s6
nay, dac bi¢t la mhu PVC/BTS va PYC/BT10. Da vao
sz bién déi ndy, véi cac ty & chét bién tinh 1dn hon 5%
khdi lugng TEOS, co thé coi 1a mire ngudng cta ham
luong TEOS 1én trén BG.
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Hink 2 b huzimg cia hém larong TEOS bidn tink BG fén G cua compozit
Tinh chét nhigt ciia vt ligu compozit PVC/BG
Hinh 3 1a gian d6 TGA cta nén PVC, gidn dé dugc

dimg 1Am mu so sanh @€ danh gid dd ben nhidt cia vt
ligu PVC/BG. Hinh 3 cho thdy 2 giai doan phan huiy
nhiét cia PVC, giai doan du 1a qué trinh phin hiy
giai phong HCI, giai dogn 2 1a qué trinh phén hily ctia

l aoc
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phu gia (DOP) v& phén con lai cia polyme. Két qua
phan tich TGA cho thiy 2 nhiét d6 bat ddu phén hiy
cliaPVC T =245,6°Cvi l'm, =481,2°C. Ham lugng

iro con lai (bao gbm cée chét phy gia vé co va tro ctia
polyme bi phén hiy) 1a 17,69%.
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Hinf1 3 gian @6 TGA cva mdu PYC

Hinh 4 trinh bay giéndé TGActa PVC/BGvaPVC/
BT véi cac ham hugng bién tinh khac nhau. Ti hinh 4
6 thé thiy & sy phéan hiy nhiét cia vat lidu PVC/BG
va PYC/BT (b6t g bién tinh TEQS) déu co dic trung
gibng v&i nén PVC, bao gom 2 giai doan phan huy.
Céc miu bét ddu suy giam khdi luong & khoang nhidt
46 tir 100°C dén 250°C, qua trinh nay xay ra do sy bay
hoi cia nuée ngdm am trong mau va su tach thoat ban
dAu cua HCL khoi PYC. Sy gidm khéi lugng manh cia
céc miu PYC/BG va PYC/BT xay ra cht yéu trong
khoang sau ttr nhiét d§ 245-490°C. Qua trinh nay chu
yéu do su phan hily cia mach PVC va BG. Trong
giai doan ndy, cac miu compozit sir dung BT thé hién
xu huéng cé nhiét dd phan hiy cao hon so véi miu
PVC/BG va PVC, két qué chi tiét duoc lidt ké trong
bang 1. Céc mAu cé ham Lugng bién tinh cang 16n thi
6 @6 bén nhiét cang cao. Didu nay phan dnh dd bén
nhiét cua vat liéu da duoc cai thién sau khi bién tinh
BG do 16p SIO, bén nhiét d3 hinh thanh va bao boc
xung quanh s¢i g&. Nhér 6, ham luong tro con lai ciia
céc mau bién tinh ciing cao hon so véi mau PVC/BG.
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Hinh 4: giiin dG phin tich nhiét ciia compozit PYC/BG va PVC/BT
theo him liegng TEOS khdc nhau

Bang I cde tinh chdt nhigt dée treng ciia cie miu composit PYC/BG
vi PVC/BT tai cic ham legmg TEOS khic nhaw

Min | T, 00 | T,4(0 [1,00 [T.00 [ %cnniosac
PVCBG | 26281 | 32928 | 41892 | 48896 2473
PVOBTI | 26351 | 33108 [ 4232 | ss761 2582
PVCRBTS | 26306 | 31333 | 42793 | 48649 2663
PVCBTS | 26239 | 33446 | 43018 | 48761 733
BVCBT 10 | 261,56 | 33468 | 43041 | 48896 2708
PVC 2560 | 30855 | 43890 | 481,20 17.69

Khd niing hdp thu nwéc

Do hép thu nudc cua vat ligu dioe xac dinh theo
tiéu chudn ASTM D570, trong o, % thay di khé:
Iwong mdu dugc xac dinh theo thoi gian ngdm mau
trong nuéc. Két qui thi nghiém dé hap thu nuée cua
vat lieu compozit PVC/BG, PVC/BTI, PVC/BT3,
PVC/BTS5 duge thé hién trén bang 2 va hinh 5.

Bing 2: d5 ngdm dm (%) cua compazit theo thon gian
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Két qué do cho thdy, d6 hép thu nudc cia tt ca
cac miu compozit déu ting theo théi gian ngam, Mirc
d6 hdp thu nudc trong 24 gis dau thay déi theo tde o
0,05-0. 06%/gw & tht ca cac mau Ban dau, nudc xim
nhap vao miu qua céc khe ho, vét nirt é vi trenbé mit
mau xuét hién trong qua trinh gia cong miu. O giai
doan tiép theo, BG bt dau tiép xuc va hép thy muée
thong qua cic mao quan. Sau khoéang 40 gid ngam,
d4 hap thu nuéc ctia cae miu bit ddu cho thiy s khic
nhau rd rét. Theo do, cac méu sir dung BT béi TEOS
ham lugng cao c6 do hap thy nuéce nho va ngwoc lai.
Déi v6i BG da bién tinh, cic hat silica di duge ph lén
bé mat BG lam giam qua trinh hap phu nuée vao bén
trong BG. Mit khac, vat liéu compozit chira BG bién
tinh cé dé twong hop cao, chat ché vé ciu triic, nén
nude kho xam nhap vao bén trong vat ligu. Tai 168 giv
ngam, PVC/BG va PVC/BT 1 la 2,72 va 2,45%, cao
hon rét nhidu so véi do ngAm 4m ctia PVC/BT 3 va
PVC/BT 5 (tuong tmg 1a 2,03 va 2,00%).

00 hip thy e (%)

o 20 40 60 Ld 100 120 140 W0 180
Théri gian (gitr)
Hink 5. dnh hueong ciia ham lugmg TEOS bién tink BG @én dg ngim im
cna vat héu PVC/BG

Két luan

Tir céc két qua trén cho thay, qua trinh bién tinh
BG bing tic nhan TEOS d cho thay tinh hiéu qua
trong viéc cai thién gia tri G’ caa vit liéu so voi miu
chua bién tinh, Panh gia tinh chit nhit cua vat liu
cho thay, nhiét d¢ bit dau phan huy cia cic mau
PVC/BT cao hon so véi mau PVC/BG tir 262°C Ién
263°C cho giai doan 1 va tir 418°C 1én 430°C cho giai
doan 2. Ham lwong cdn con ]al da tang tir 25% cho
méau PVC/BG Ien 28% cho miu PVC/BTI0, diéu nay
chu-ng to céc miu compozit bién tinh da duoc cai thién
6 bén nhiét. Panh gid kha ning hip thy nude cia vt
liéu ciing cho thy, cic mAu bién tinh c6 ham lugng
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nude bi hap thy thap hon ré rét so vii mau khéng bién
tinh.

Léicam on

Cdc tde gid trén trong cdm on Van phong Cac
chicong trinh trong diém cdp nha nuée, Bg KH&CN
da tdi tro kinh phi cho viée thee hién cbe ndi dung duw
dn san xudr thir nghiém ma s6 KC02.DA11/1-15.
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