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'Khoa Héa hoc - Truong Pai hoc Vinh

Trung tam Nghién ciu Vat liéu Polyme - Truong Pai hoc Bach khoa Ha Ngi
Ngay Tda soan nhan dwoc bai: 16-3-2017; ngdy phan bién danh gia: 03-4-2017; ngdy chap nhan dang: 19-6-2017

TOM TAT

Vit liéu compozit trén nén nhua epoxy gia cuong bang soi thiy tinh (30% theo khoi lwong
Ciia nhira epoxy), soi thuy tinh lai tao soi Iung (30% theo khdi luwong nhia epoxy) ¢é bé sung MFC
VA Vi Spi xenlulozo axetat da duoc ché tao va khdo sdt mét sé tinh chat co Ii. Vdt liéu compozit gia
cwong bang 30% soi thiy tinh va 0,4% MFC (50 Vdi khoi lwong nhwa epoxy) cé dé bén kéo va do
bén uon cao nhat, lan luot la 240,32 MPa va 244,34 MPa. Trong khi d6, dé bén va ddp cé gid tri
cao nhar 1a 48,8 kI/m? & vdt liéu gia cuong bcing 30% soi thuy tinh lai tao soi lung va 0,4% vi soi
xenlulozo axetat. Pdc biét, dp bén méi vit liéu compozit gia cuong bang 30% soi thiy tinh lai tao
spi lung va 0,4% Vi sgi xenlulozo axetat da tang 380%, tir 2321 chu ki 1én 87847 chu Ki so vdi vdt
ligu compozit khéng c6 MFC vavi sgi xenlulozo axetat.

Tir khoa: nhua epoxy, polyme compozit, vi s¢gi xenlulozo (MFC), vi s¢i xenlulozo axetat,
soi lung.
ABSTRACT

Preparing polymer composite based
on epoxy resin reinforced by microfibrillated cellulose acetate

Epoxy resin composites reinforced by glass fiber and by hybrid glass fiber/lung fiber with
microfiberillated cellulose (MFC) and microfibrillated cellulose acetate were prepared and
investigated. Tensile strength and flexural strength of materials reached the highest value at
polymer composite reinforced by 30%wt. glass fiber and 0.4%w MFC (240.32 MPa and 244.34
MPa), while the highest impact strength reached 48.8 kJ/m? at composite containing 30%w glass
fiber/lung fiber and 0.4%w microfibrillated cellulose acetate. Especially, the fatigue strength of
composite significantly increased by 380% from 23121 cycle to 87847 cycle due to 0.4 wt.%
microfibrillated cellulose acetate inclusion into the resin in comparison with the composites
without MFC and microfibrillated cellulose acetate.

Keywords: epoxy resin, polymer composite, microfibrillated cellulose (MFC),
microfibrillated cellulose acetate, lung fiber.

1. Mé diu
Vit liéu polyme compozit 13 loai vat liéu duogc tao thanh tir hai loai cdu tir chinh 1a
nhya nén polyme va Soi gia cudng. Cac loai sgi gia cudng truyén thdng thuong dung cho
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vat liéu polyme compozit 1a sgi cacbon, sgi thiy tinh... Tuy nhién, cac loai sgi hoa hoc nay
dugc tong hop tir nguon nguyén liéu khong tai tao, khong c6 kha ning phan huy nén qua
trinh str dung vat lidu polyme compozit gia cudng bang soi hoa hoc thuong gay 6 nhidm
mdi truong, anh hudng dén sirc khoe con ngudi va su phat trién bén virng cia x4 hoi. Do
do, vat liéu polyme compozit gia cudng bang soi thuc vat dd va dang duogc dic biét quan
tam boi mot s6 wu diém ndi troi cua soi thue vat so voi cac soi hoa hoc nhu c6 kha nang
phan hay sinh hoc, ré tién, nhe va c6 kha ning tai tao [1], [2], [3]. Pdc biét, vi soi
xenlulozo ¢6 kich thudc nho, dién tich bé mat 16n, d6 bén va do ctng cao nén da duogc sir
dung gia cudng cho nhiéu polyme nén nhu polyeste khong no, polylactic acid (PLA), nhya
epoxy [4], [5], [6]... Tuy nhién, do xenlulozo c6 nhiéu nhom hydroxyl phan cuc nén kha
ning twong hop véi cic polyme nén con thip 1am cho mot sé tinh chét co i caa vat liéu
chua cao [7], [8]. Nham cai thién kha ning twong hop véi polyme nén, trong cong trinh
nay ching t6i d4 tién hanh axetyl héa vi soi xenlulozo va sir dung dé gia cuong cho vat
liéu polyme compozit trén nén nhya epoxy, ddng thoi khao sat mot so tinh chét co Ii cua
vat liéu ché tao duoc.
2. Phwong phap nghién ciru va thue nghiém
2.1. Nguyén li¢u va hoa chdt

Soi lung & dang mat, ti trong khoang 190 g/m? kich thudc soi trung binh tir 150-200
um, dugc ché tao bang phuong phap cao tach soi d qua xu Ii kiém, tai Trung thm Nghién
ciu Vat liéu polyme, Trudng Pai hoc Bach khoa Ha Noi.

Soi thuy tinh loai mat ti trong 360 g/m*(Trung Quéc).

Vi soi xenlulozo (c6 duong kinh khoang 4-6 pum) duoc ché tao tir phoi phé thai cua
cAy Lung & Nghé An theo quy trinh d4 cdng b6 [9].

Nhua epoxy trén co so diglycidyl ete bisphenol-A (DGEBA) c6 khdi lwong mol
trung binh s5 Mn ~ 610 (g) va polyetylen polyamin (PEPA) xuét xt Trung Qudc.

Anhydrit axetic, dimetyl sunfoxit (DMSO) duogc cung cap bai hing Merk (D).
2.2. Ché tao vi spi xenlulozo axetat va vit ligu polyme compozit
2.2.1.Ché tao vi soi xenlulozo axetat

Cho 20 g vi s¢i xenlulozo va 0,4 g iot cho vao binh cau 3 ¢6 dung tich 250 ml chira
100 ml (CH3CO0),0 ¢6 lip dng sinh han hdi luu va nhiét k&, phan tmg thuc hién & 80 °C,
hdn hop duoc khudy bang may khudy tir gia nhiét trong thoi gian 5 gio. Sau phan tng, san
pham duoc két tia trong dung dich NaCl bdo hoa ¢ nhiét do thuong, rira san pham dén
trung tinh sau d6 duoc siy kho trong ti siy chan khong ¢ 80 °C.
2.2.2. Ché tao vdt liéu polyme compozit

Dé khao sat anh huong cua phuong phép gia cong va cac thanh phan ché tao dén cac
tinh chat co Ii cia vat lidu polyme compozit ching t6i tién hanh 4 nhém mau sau:

Nhom A: Nhya epoxy gia cudng bang 15% soi 10ng (so véi khdi lwgng nhwa epoxy)
khong c6 MFC (mau Ao) va nhya epoxy ¢c6 MFC véi ham lwong MFC so v6i khdi lugng
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nhya epoxy 1a 0,2% (mau A;), 0,4% (mau A,), 0,6% (mau As) va 0,8% (mau Az) duge tron
v6i chit khau mach PEPA theo ti 1¢ khdi lugng PEPA/nhya epoxy 1a 10%. Qué trinh dong
rin duoc tién hanh & nhiét do thuong trong 48 gio. Sau khi thao khuon, vat liéu duoc séy
trong tu siy chan khong & 70°C trong 4 gio, sau d6 duoc xac dinh tinh chit co Ii.

Nhom B: CAc mau compozit gia cuong bang 30% mat thiy tinh (so v&i khdi lugng
nhya epoxy) voi ham lugng MFEC so véi khdi lugng nhya epoxy lan Iugt 12 0% (mau Bo),
0,2% (méau By), 0,4% (mau By), 0,6% (Miu Bs) va 0,8% (mau By) theo khdi lugng so vai
nhya nén epoxy, ti 1& khdi lwong chat khdu mach PEPA/nhua epoxy 1a 10%. Qué trinh
dong rin va séy mau dugc thyc hién trong diéu kién tuong ty & nhdm mau A.

Nhom C: Cac miu compozit gia cuong bang 30% mat thiy tinh lai tao soi lung (ti
I¢ khéi lugng mat thity tinh/soi 1Ung =1) s0 V&i v6i khdi luong nhya epoxy, ti 1¢ khdi luong
chat khau mach PEPA/nhya epoxy 1a 10%, ham lugng MFC trong cac miu lan lugt 12 0%
(mau Co), 0,2% (mau Cy), 0,4% (mau C,), 0,6% (mau Cz) va 0,8% (mau Cs). Qua trinh
dong rin va séy mau dugc thyuc hién trong diéu kién tuong ty & nhdm mau A.

Nhom D: Cac miu compozit gia cuong bang 30% mat thiy tinh lai tao soi lung (ti
I¢ khéi lugng mat thity tinh/soi 1Ung =1) so V&i v6i khdi luong nhya epoxy, ti 1¢ khdi luong
chat khau mach PEPA/nhua epoxy la 10%, ham lugng vi sgi xenlulozo axetat trong cac
mau lan luot 12 0% (mau Cyo), 0,2% (mau Cj), 0,4% (Mmiu Cy), 0,6% (mau Cs) va 0,8%
(mau C4). Qué trinh déng ran va sdy mau dugc thuc hién trong diéu kién twong ty & nhém
mau A.

2.3. Phwong phdp nghién ciru

Céu trac hoéa hoc cua vi soi xenlulozo dugc khao sat bang phd hdong ngoai duoc do
trén may SHIMADZU (Nhat Ban) bang phuong phap ép vién KBr tai Truong Dai hoc Su
pham Ha Noi; ph6 cong hudng tir hat nhan "H ghi trén may ADVANCE 125 MHz va phé
cong hudng tir hat nhan °C do trén mady ADVANCE 500 MHz cua héng Bruker (Dirc),
dung mdi DMSO tai Vién Hba hoc-Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Do thé (Degree of subtitution, DS) cua xenlulozo axetat dugc xac dinh bang phuong
phép phd cong hudng tir hat nhan 'H theo cong thirc sau [10]:

1
3 (Argr+AsgstAzs)
DS =

1
6 (A3,39 + A3,66 + A3,82 + A4,00 + A4,54 + AS,OG)

Trong do, Ais7, Ares Va Az14 la dién tich cdc pic cua proton trong 3 nhdém acetyl;
Az g, Aszs, Asgr, Asoo, Asss VA Asos 13 dién tich cac pic caa proton trong mat xich cua
xenlulozo.

D¢ bén kéo dugce xac dinh theo tiéu chuan ISO 527-1993, d6 bén udn dugc xéc dinh
theo tiéu chuan ISO 178-1993 (E) duoc do trén may INSTRON 5582 - 100KN (M), téc do
kéo 2mm/phdt, nhiét d6 25 °C, 6 am 70-75%.
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D6 bén va dip IZOD duoc xac dinh theo tiéu chuan 1SO 180 & ASTM D256, trén
may Tinius Olsen cua Mi, nhiét d6 25 °C.

Do bén moi cua vat lidu duoc do trén may MPS 810 (Material Test System 810) caa
My, theo tiéu chuian ASTM D3479-96 (2007), lyc chiu moi bé“lng 70% luc kéo dut ciia mau,
tan s6 dao dong cua luc f= 2Hz twong duong voi 120 rpm, bién do dao dong cua lyc bing
2 lan luc chiu moi.
3.  Két qua va thao luan
3.1. Khdo sdt cdu triic héa hoc ciia vi si xenlulozo axetat

Tir pho hong ngoai ca vi soi xenlulozo (Hinh 3.1a) va vi soi xenlulozo axetat voi
DS=1,8 (Hinh 3.1b) ta thiy c6 tit ca cac dinh hip thu quan trong nhit dic trung cho
xenlulozo ban dau: 3300-3500, 2901, 1647, 1454, 1060, 607 (cm™). Trong d6, dinh hap thu
& 2961 cm™ dic trung cho dao dong bién dang cua cac lién két C-H va 1454 cm™ 1a dao
dong héa tri cia lién két C-H, con dinh hip thy & 1060 cm™ la ciia cac nhom chire ete C-O-
C va dai hép thu 3300-3500 cm™ dic trung cho dao dong héa tri cia cic nhém hydroxyl
(OH). Piéu d6 cho thiy trong phan tir xenlulozo axetat dang con cac nhdm OH chua bi
axetyl hoa. Tuy nhién, viing hip thu dic trung cho dao dong hda tri cua lién két O-H trong
cac nhém hydroxyl (OH) khéng rong nhu trong phd hong ngoai ciia xenlulozo (ving 3200-
3600 cm™) ma d bi thu hep lai (3300-3500 cm™) ching t6 cac nhom hydroxyl (OH) trong
phan tir xenlulozo d4 phan tng véi anhydrit axetic tao thanh cac dan xuat axetat, pha v&
c4c lién két hydro. Pic biét, sy xuat hién cua mot dinh hip thy méi véi cudng d6 manh &
1732 cm™ dic trung cho dao ddng hoa tri cia lién két d6i C=0 va dinh hip thu & 1257cm™
dic trung cho dao dong hoa tri ciia lién két don C-O trong nhém este, dinh hip thu & 1373
cm™ dic trung cho dao dong bién dang ciia nhom metyl (CH;COO).
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Hinh 1. Phé hong ngoai ciia vi sgi xenlulozo (3.1a) va vi soi xenlulozo axetat (3.1b)
Trong phé *H-MNR cua vi soi xenlulozo axetat (Hinh 3.2) ¢6 cac tin hiéu caa proton
cta nguyén tir H trong phan tir xenlulozo: H1 (3,39 ppm), H2 (4,54 ppm), H3 (5,06 ppm),
H4 (3,66 ppm), H5 (3,82 ppm) va H6 (4,00 ppm). Ngoai ra, con c0 tin hiéu proton trong
nhom acetyl (CH3CO) ¢ cac nguyén tae C2 (1,94 ppm), C3 (1,87 ppm) va C6 (2,14 ppm).
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Hinh 2. Phé cong hwong tir hat nhan 'H va ¥C cua vi soi xenlulozo axetat

Trong phd cong hudng tir hat nhan *3C cd cac tin hiéu dic trung cho 6 nguyén tir
cacbon cua xenlulozo: C1 (99,2 ppm), C2 (71,3 ppm), C3 (72,1 ppm), C4 (75,9 ppm), C5
(71,3 ppm) va C6 (62,1 ppm). Ngoai ra, con cO céc tin hiéu dac trung cho nguyén tir
cacbon cacbonyl trong nhom acetyl thé nhém OH & nguyén tar C2 (169,0 ppm), C3 (169,3
ppm) va C6 (170,2 ppm).

+ 3(CH4CO),0 + 3CH,COOH
0

—2>

DMSO, 60°C
3

H,COCO OCOCH;

Cellulose triacetate

Céc dir liéu phd hdng ngoai va phd cong hudng tir hat nhan *H va *C ¢ trén cho
thdy cac nhom OH & nguyén tir cacbon s 2, 3 va 6 di phan mg voi anhydrit axetic tao
thanh xenlulozo axetat.

3.2. Khdo sdt tinh chit co |i ciia polyme compozit
3.2.1. Anh huong cuia MFC va Vi Sgi xenlulozo axetat dén do bén kéo dirt

So sanh d¢ bén kéo dit cua cac miu thudc 4 nhom trén (Bang 1) cho thiy, cac mau
thuéc nhom B (gia cudng bang soi thuy tinh) ¢6 do bén kéo dut cao hon cac nhom mau
con lai, cac mau thudc nhém A (gia cudng bang soi lung) c6 do bén kéo dut thdp hon
nhiéu cac nhém méu khac, cac mau thudc nhom D cd d6 bén kéo durt thap hon khong nhiéu
S0 V&i cac miu thudc nhom B va cao hon cac miu thude nhom C (c6 cling ti 1¢ khéi lugng
mat thuy tinh/soi 10ng). Mit khac, ¢ bén kéo dut ctia cac mau nhom D giam it nhat khi
ham lugng vi s¢i xenlulozo axetat tang tr 0,4% dén 0,8%. Diéu d6 1a do vi soi xenlulozo
axetat c6 kha ning twong tac bé mit véi polyme nén tét hon MFC.
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Béing 1. Pj bén kéo dirt (MPa) ciia vit liéu polyme compozit

Ham lwgng MFC Nhém A Nhom B Nhom C Nhém D
0% Ao 13054 Bo 20562 Co, 180,80 Do 180,80
0,2% A, 13560 B; 21540 C; 188,60 D, 200,32
0,4% A, 12445 B, 24032 C, 214,44 D, 235,56
0,6% A; 11454 B; 23456 C; 200,25 Ds 230,52
0,8% A, 101,86 B, 22535 C, 18482 D, 210,34

Két qua & Bang 1 ciing cho thay d6 bén kéo dut dat gia tri 16n nhat 12 135,60 MPa (&
nhom A) khi ham lugng MFC 1a 0,2%, 240,32 MPa (6 nhom B) va 214,44 MPa (6 nhom
C) khi ham lugng MFC déu 13 0,4%. Tuong tu, khi ham luong vi soi xenlulozo axetat 1a
0,4% (& nhém D) thi d6 bén kéo dut dat gia tri cao nhit 12 235,56 MPa. Tuy nhién, d6 bén
kéo dut giam dan khi ham luong MFC ting tir 0,2% dén 0,8% (6 nhém A) va tir 0,4% dén
0,8% (¢ nhom B va C). Nhu vay, su c6 mit cia MFC d4 lam ting khong déng ké d6 bén
kéo dut clia vat liéu & ca 3 nhém mau A, B va C (ting 4,29% khi ham hrong MFC 1a 0,2%
¢ nhém A, 13,83% ¢ nhém B va 16,87% ¢ nhom C khi ham lugng MFC 1a 0,4%), trong
khi d6 sy ¢c6 mét cta vi sgi xenlulozo axetat cai thién dang ké d6 bén kéo dit cua vat lidu &
nhoém mau D (ting 29,98% khi ham lugng vi s¢i xenlulozo 1a 0,4%).

3.2.2. Anh hwong ciia MFC va Vi sgi xenlulozo axetat dén do bén uon

So sanh d6 bén ubn ctia cac miu & 4 nhom trén (Bang 2) ta thay, cac mau nhom B c6 do
bén udn nhét, cac mau nhom D ¢6 d6 bén udn cao hon cac mau nhoém C, ¢On cAC mau nhom A
c6 d6 bén udn thap nhat. Nhur vy, vét liéu gia cuong bang soi thiy tinh (nhém B) c6 d6 bén
udn cao hon nhidu so véi vét lidu gia cuong bang soi ling (nhém A) nhung cao hon khong
dang ké so voi vat liéu gia cuong bang soi thuy tinh lai tao soi lung (nhém C va nhém D).

Béing 2. P bén uon (MPa) ciia vit liéu polyme compozit

Ham lwgng MFC Nhém A Nhém B Nhom C Nhém D
0% A, 13080 Bo 226,60 Co 189,40 Do 189,40
0,2% A; 15220 B; 23562 C; 198,70 D, 210,68
0,4% A, 14064 B, 24434 C, 20452 D 228,54
0,6% As 121,20 Bs 19757 C; 154,71 Ds; 232,70
0,8% A, 11516 B, 17690 C, 14132 D, 204,36

Két qua & Bang 2 ciing cho thdy, d6 bén udn ciia cac miu trong nhom A dat gia tri
I6n nhat khi ham lugng MFC 13 0,2% rdi giam dan khi ham lwong MFC ting tir 0,2 dén
0,8%. Tuy nhién, trong nhom B va C d6 bén udn tang nhe khi ham lwong MFC tir 0,2%
dén 0,4%, sau d6 d6 bén udn giam dan va co gi4 tri thap hon mau khong chira MFC khi
ham lugng MFC tang tir 0,6% dén 0,8%, con trong nhém D thi d6 bén ubn tang dan khi
ham lugng vi sgi xenlulozo axetat tang tir 0,2% dén 0,6%. Nhu vay, khi ham Iugng MFC
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la 0,2% thi d6 bén udn dat gia tri I6n nhat 1a 152,20 MPa ¢ nhém A; trong khi d6 & nhom
B va C do bén udn dat gia tri 16n nhat lan luot 12 244,34 MPa va 204,52 MPa khi ham
lwong MFC déu 14 0,4%; con do bén udn cao nhit 12 232,70 MPa & nhém D khi ham luong
Vi soi xenlulozo axetat 1a 0,6%.
3.2.3. Anh hwong ciia MFC va Vi spi xenlulozo axetat dén d bén va ddp

Béing 3. Pj bén va ddp (kJ/mz) Cua vt liéu polyme compozit

Ham lwong MFC Nhém A Nhém B Nhém C Nhém D
0% A, 2080 By 3028 Co, 3182 Do 31,82
0,2% A 2535 B; 3584 Ci; 3828 Dy 40,42
0,4% A, 2874 B, 4256 C, 4648 D; 48,80
0,6% A; 2640 B; 4024 C; 4256 Ds 44,52
0,8% A, 2320 B, 3630 C;, 3820 Dy 42,40

Két qua Bang 3 cho thiy MFC d4 lam d6 bén va dap cia vat liéu ting dang ké & tat
c4 nhom mau khi ham luong MFC ting tir 0,2% dén 0,8%. Cu thé, d6 bén va dap tang
trong khoang 11,53% dén 38,17% & cac mau nhom A; 19,88% dén 40,55% & cac mau
nhém B, 20,05% dén 46,07% & cac mau nhom C va 33,24% dén 53,36% & cac mau nhom
D. P6 bén va dap ting 1a do khi tAc dung mot luc dot ngdt, MEC va Vi soi xenlulozo axetat
d4 can tré su phat trién cua cac vét nit 1am cham su phé huy cia vat liéu. Tuy nhién, khi
ham lugng MFC tang tir 0,6% 1én 0,8% thi do bén va dap cua cidc mau giam nhe & tat ca
cac nhom nhung van cao hon so véi mau khong c6 MFC.

Khi so sanh két qua & bon nhom mau ta thay, do bén va dap ¢ cac mau nhom B cao
hon nhém A khoéng nhiéu, cac mau thudc nhom C déu co dd bén va dap cao hon cac mau
ctia nhom B ¢6 ciing ham lwong MFC, cac mau nhém D cao hon cac mau thudc nhom C.
Nhu vay, st dung mat thity tinh lai tao soi lUng két hop véi MFC va Vi soi xenlulozo axetat
d4 lam tiang do bén va dap ciia vét lidu gia cuong bang soi thuy tinh.

3.2.4. Anh hwong ciia MFC va Vi sgi xenlulozo axetat dén do bén moi

Tir két qua khao sat do bén kéo dut, do bén udn va do bén va dap ¢ trén, chlng toi
tién hanh khao sat anh hudng cuia MFC va vi sgi xenlulozo axetat ¢c6 ham lugng 0,4% so
voi khéi luong nhya epoxy (miu Bz, miu C, v miu D) dén do bén moi so voi mau
compozit khéng c6 MFC (miu By va mau Co) VA Vi s¢i xenlulozo axetat (mau Do). Két qua
cho thay, MFC d4 cai thién dang ké d6 bén moi cua vat liéu. O luc kéo tuong duong 70%
dd bén kéo cua vt liéu, dd bén méi ting manh tir 22.115 chu ki & mau Bg 1én 77.417 chu
Ki & mau B, (ting 3,5 1an), tir 21.248 chu ki & mau Co 1én 67.996 chu ki ¢ mau C; (ting 3,2
lan) va tir 23.121 chu ki & mau Dg 1én 87.847 chu ki & mau D, (ting 3.8 lan). Su ting manh
d6 bén moi cua vat liéu dugc giai thich 1a do sy c6 mat cia MFC va vi soi xenlulozo axetat
V6i kich thudc rit nhé nhu 1a chat don ting cudng c6 tac dung han ché cac vét nirt trong
vat liéu khi chiu tac dung cua mot luc 16n tir bén ngoai.
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4.  Kétluan

Trong cdng trinh ndy, ching toi d4 diéu ché duogc vi soi xenlulozo axetat (DS ~1,8)
bang phan mg ctia MFC (dudng kinh khoang 4-6 pm) voi anhydrit axetic ¢ mit iot 1am
X(c tac. Cau truc hoa hoc ciia san pham d4 duge chimg minh bang phd hong ngoai va phd
cong huong tir hat nhan *H va *C. Két qua khao sat mot sb tinh chét co Ii cua vat liéu
compozit ché tao duoc cho thiy nhwa epoxy/soi thuy tinh va nhya epoxy/mat sgi thuy tinh-
soi 10ng ¢6 bd sung 0,4% MFC va 0,4% vi soi xenlulozo axetat c6 do bén kéo, d6 bén udn,
do bén va dap cao hon so voi vat liéu compozit khong co bo sung MFC va Vi sgi xenlulozo
axetat. Pic biét, sy c6 mit cia MFC va Vi soi xenlulozo axetat dd 1am ting manh d6 bén
moi cua vat ligu (tang tu 3,2 dén 3,8 lan so voi compozit khong ¢c6 MFC va Vi soi
xenlulozo axetat).
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