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Tém tit. Nghién ctru ndy tap trung VAo quy trinh ché tao vi soi cellulose (MBC) tir vi khudn Acetobacter
xylinum va danh gia anh huéng cua ham luong Vi soi dén co tinh vat liéu composite. Vi sgi cellulose
dugc tong hop bing phuong phéap nhén giéng va nudi cdy ching vi khudn Acetobacter xylinum va duge
1am sach bang cach xu 1y kiém. Sau d6 mang Vi soi cellulose dugc ding dé ché tao vat lidu composite nén
nhwa epoxy. St dung kinh hién vi dién tir quét (SEM) dé danh gia hinh théi, d6 dong déu va kich thudc
soi sau xir 1y. Tinh chét co 1y cia mau composite duge danh gia thong qua do do bén kéo, do bén udn va
céc gia tri modul tuong ing voi cac ti 18 Vi soi/epoxy 1a 0,5%, 1% va 2% vé khéi lugng . Két qua nghién
ctru cho thay da tong hop thanh cong vi soi cellulose bang ching vi khuan Acetobacter xylinum. Ty 1¢
soi/nhya 14 1% vé khéi lugng cho qua trinh dong rédn va mau composite dat co tinh tdi wu.

Tur khéa. Vi soi cellulose (MBC); Acetobacter xylinum; Composite.

STUDY OF FABRICATION MICROFIBRILLATED BACTERIAL CELLULOSE FOR
EPOXY MATRIX COMPOSITE APPLICATION

Abstract. This study focused on the fabrication microfibrillated bacterial cellulose nanofibers (BC) by
Acetobacter xylinum bacteria and followed by evaluating the influence of BC content on the mechanical
properties of composite materials. Microfibrillated cellulose was formed by breeding and culturing the
bacterium Acetobacter xylinum and was purified by the alkaline treatment. Then, they were applied to
reinforce for epoxy matrix composite. BC samples were characterized by using scanning electron
microscopy (SEM) to evaluate morphology, homogeneousness and size of BC. Composite specimens
were measured tensile and flexural strength corresponding with alternative nanofibers/epoxy ratio as
0.5%, 1% and 2%. The results showed that BC was synthesized successfully by Acetobacter xylinum
bacteria. The optimal fibers/epoxy ratio is 1% (wt/wt) because of effective curing and good mechanical
properties.

Keywords. Microfibrillated bacterial cellulose; Acetobacter xylinum; Composite.

1  GIOI THIEU

Trong nhirng nam gan day, cing voi sur phat trién nhanh chong ciia khoa hoc cong ngh¢ hién dai va
yéu cau khit khe vé ky thuat cua Ccac san pham polymer va composite trong doi sdng thuc tién, nganh
khoa hoc vat liéu ngay cang phat trién voi muc tiéu la nghién ctru va ing dung cac loai vat liéu composite
d6 bén cao, ty trong thap, dap tng dugc yéu cau cao vé kha ning lam viéc, than thién voi méi truong va
khéong gay doc hai cho sirc khée con ngudi [1]. C6 rat nhiéu loai composite di tir nguyén liéu soi thién
nhién nhu soi dtra dai, soi dai, soi xo dua...két hop voi cac loai nhya nhu epoxy, vinyleste,
ureformaldehyt..dd dugc nghién ctru va tng dung trong thyuc tién. Nhya epoxy c6 nhuoc diém 1a kha
clmg, gion, kha nang chdng chiu tac dong pha hay co hoc kém nén anh huéng xau t6i do bén co hoc cta
vat liéu composite nén nhya epoxy. Chinh vi li do do, nhiéu nghién ctru da dugc dit ra nham tang cudng
c4c tinh chat co hoc cua vat liéu composite nén epoxy gia cuong soi bang cach sir dung cac chit don kich
thudc nano, trong d6 tiéu biéu 1a cac nghién ctru tmg dung vi soi cellulose [2]. Viéc nghién ctru ché tao
soi cellulose ¢o kich thudc ¢& nanomet va tmg dung chung vao ché tao vat liéu composite ngay cang thu
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hat dugce sy quan tdm cta cac nha nghién ctru do chung c6 nhiéu dic tinh wu viét nhu d6 bén va do cing
cao, ty trong thap, c6 kha nang phan hity sinh hoc ciing nhu kha nang tai tao cao [2, 3]. Vi soi cellulose
hinh thanh tir vi khuan 1a vat liéu nano c6 dudng kinh khoang vai nanomet, c6 d bén co hoc va do tinh
khiét cao dd dugc s dung trong vét lidu composite lam tang dang ké d6 bén co hoc cua vat lidu.
Acetobacter xylinum 13 loai vi khuan c¢6 dic tinh sinh tong hop vi sgi Cellulose trong dleu kién moi
truong thich hop. Viéc nghién ctru sir dung chung vi khuan nay dua vao nudi cay nham tong hop vi soi
cellulose 1a huéng nghién ctru diy hira hen, 13 co s& cho cac nghién ctru sdu hon vé vi soi cellulose hinh
thanh nhe vi khuén va kha nang ung dung da dang cua loai vat li€u nay [3, 4].

Cung v6i cac xu hudng trén, dé tai nghien clru nay tap trung khao sat quy trinh ché tao vi soi
cellulose bang phwong phap nudi cay ching vi khuan Acetobacter xylinum, xu ly soi thu duge va Umg
dung tryc tiép vao ché tao vat liéu composite nén nhwa epoxy. Trén co s& d6 tiép tuc khao sat co tinh vat
liéu tao thanh véi mong mubn lam rd anh hudng cia ham luong sgi dén cac tinh cht co hoc cua vat lidu
composite.

2 THUC NGHIEM
2.1 Nguyén liéu

Vi sgi cellulose hinh thanh do vi khuan duogc téng hop dudi dang mang. Nguyén li¢u s dung dé
tong hop mang cellulose vi khuan bao gom nuée dira gia, cao nAm men, duong saccharose, acid acetic va
cic mudi amoni bao gdm amoni sunfat (NH4)2S04) va amoni hidrophotphat ((NH4):HPO4). Chung vi
khuan duge sir dung 1a Acetobacter xylinum, duoc cung cap boi Phong Thi nghiém Vi sinh thugc Khoa
Sinh hoc, Pai hoc Khoa hoc tiy nhién — Pai Hoc Quoc Gia Thanh pho Hb Chi Minh.
Mang cellulose hinh thanh nhd vi khuan sau khi téng hop duge xir 1i bang natri hidroxid (NaOH) (Trung
Qudc) va ethanol (99,5%, Trung Qudc).

Vit lidu polyme composite duoc ché tao trén co s& nhya nén 13 nhua epoxy D.E.R 331 (Dow
Chemical Company) str dung chat déng rin diethyltriamine (DETA) xuét x&r Sigma-Aldrich, M§.

2.2 Phwong phap tong hop mang cellulose vi khuin (Bacterial Cellulose - BC)

2.2.1  Hoat héa va nhan giong ching vi khudn Acetobacter xylinum

Moi truong nuoi céy vi khuan dugc pha bao gém cac thanh phan: Pudng saccharose (20 g), Cao
nam men (2 g) va mudi amoni (NHz)>SO4 (8 g) va (NH4):HPO, (2 g) tuong ung v6i thé tich lugng dung
a1 L nudc dira gia. Nudce dira trude khi pha duge loc sach cin ban, sau d6 khudy déu dé hoa tan hoan
toan cac hoa chét. Str dung 5 mL dung dich acid acetic 0,6% dé dleu chinh pH cua h¢, pH yéu ciu trong
khoang 3-5 la méi truong 1y tudng cho su sinh trudng va phat trién cta ching vi khuan Acetobacter
xylinum [4]. Sau d6 chia deu dung dich da pha vao cac ong nghiém va binh tam giéc roi bit kin. Cho éng
nghiém va erlen vao trong ndi hip vo tring & dleu kién ap suat 1 atm, nhiét d6 121°C trong 15 phut. Sau
qua trinh hdp v tring, tién hanh dé ngudi va cay ching vi khuan Acetobacter xylinum vao dng nghiém
chira méi truong vira tao, bit kin va u ¢ nhiét d§ 25-28°C trong 48 gid. Khi quan sat ¢6 xudt hién cac s01
vi khuén kéo dudi day 0 ong nghiém va ndi trén bé mit thanh mot 16p mang ching té vi khuin da phat trién
va 6 san xudt cellulose vi khuan

Gidng dd duoc hoat hoa ciy vao erlen chira 150 ml méi trudng da tao va di dwoc hip vo trung, tiép
tuc U ¢ nhiét do 25-28°C trong 72 gio. Erlen chira ching vi khudn Acetobacter xylinum dd dugc nhén
gidng s& 1a ngudn dé tién hanh tong hop mang BC.

2.2.2 Tién hanh lén men bé mdt, thu nhdn va xir 1y mang BC

Nudc dura gia sau khi dugc loc sach can ban va niu s6i & 100°C trong 15 phut dé khir khuan dem pha
mdi truong nudi cdy bang cach hoa tan dudng saccharose va cac mudi amoni theo don pha ché nhu trong
giai doan hoat hoa, sit dung acid acetic dé diéu chinh pH (pH 3-5). Tién hanh d6 cac binh tam giac chira
vi khudn Acetobacter xylinum dd nhan giéng vao cac khay dung theo ty 18 150 mL trén 1L moi trudng
nudi cdy. Qua trinh tong hop mang BC rét quan trong van dé khir khuan, vo tring. Str dung dén con ho
dau ong nghiém va erlen mdi khi md ndp dé tranh nhiém béan. Pay kin cac khay dung va u trong vong 7
ngdy & nhiét d6 phong. Sau d6, mé khay va 1iy mang BC dem rtra véi nude va ngam lién tuc trong 2 ngay
(thay nuée sau mdi 4 gid). Két thiic qua trinh nay tién hanh dé rdo va phoi kho, thu nhan dugc mang BC
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thé. Mang BC th6é dem xay nho dé giam kich thudc va dé xtr Iy bang hoa chit. Hon hop sau khi xay duoc
dem di loc hut chan khong roi dem phan tan vao dung dich NaOH 2,5% va ngdm trong 12 gio. Sau khi
ngam, tiep tuc rira sach bang ethanol va nuédc, loc hat chan khong dﬁ loai NaOH. Nuéc sau khi loc duoc
thu bang phenolphthalein dén khi nao khong con NaOH thi ding. Két thic qua trinh xur 1y ta thu duge BC
am.

2.3 Phuwong phap ché tao vat liéu composite

Vi soi cellulose tong hop ton tai dudi dang gel trong nudc, vi vay can phai loai bé nudc trude khi
phan tan vao nhua nén bang phuong phdp sdy trong ti say ¢ nhiét do 80°C trong 6 gid dé loai bo hoan
toan nudce va ethanol trong BC am. Céan lugng nhya epoxy va BC theo cac ty 1€ BC 1a 0,5%, 1%, 2%, 4%
va 6% tinh theo khdi lwong BC khoé roi khudy tron hdn hop bang may khudy co hoc véi téc do 2000
vong/phut két hop gia nhiét & 80°C dé phéan tan déu vi soi BC vao trong nhua va loai bo hét ethanol va
nuée. Can chat dong ran DETA theo ty 1& dwong luong véi epoxy rdi phan tan déu vao hdn hop
BC/epoxy. Vit lidu composite trén co sé nhua epoxy ¢t vi sgi cellulose dugc ché tao theo phuwong phap
d6 khuon, sau d6 mau composite duoc séy 0 80°C trong 5 gio dé dong ran hoan toan.

2.4 Phwong phap danh gia chét lwgng mang BC va xac dinh co tinh ciia vat liéu composite

Can 5 mau BC am m, = 20,02 g dem sdy & 80°C cho dén khi khdi luong khong doi (khoang 6 gio) dé
loai b6 hoan toan nudc va ethanol nham danh gia ham luong phéan kho.

Vi soi cellulose sau khi tong hop duoc danh gia ham lugng phin khé bang can k¥ thuat 2 s 16 SPS402F
ctia hang Ohaus — M§. Ddng thoi tién hanh chup anh hién vi dién tir quét (SEM) trude va sau khi xir 1y
NaOH dé danh gia ciu triic va to chirc soi. Mau dugc chup SEM bang méay Hitachi S4800 — Nhat Ban tai
Phong Thi nghiém Nano, Khu c6ng nghé cao Thanh phé Ho Chi Minh.

Do bén cua vat lidu composite dugc kiém tra theo céc tiéu chudn sau: Do bén kéo theo tiéu chudn ASTM
D638 va Do bén udn theo tidu chuan ASTM D790 trén may do co tinh LLOYD LR30K- Anh Qudc.

3 KET QUA VA BAN LUAN
3.1 K&ét qua khao sat tinh hiit Am ciia vi sgi BC sau qua trinh tong hop va xir ly

Bdng 1. Ham luong phan kho trong cic mau thir BC sau qua trinh xir Iy hoa chat

Miu Khdi lwgng miu truée sy (g) Khdi hrgng miu sau siy (g) Ham luwgng khé (%)
1 0,85 4,25
2 0,88 4,40
3 20,02 0,92 4,60
4 0,82 4,10
5 0,81 4,05
Trung binh 20,02 0,86 4,28

Théng qua viéc xac dinh ham lugng khé trong mau BC, da dong thoi khao sat danh gia dugc muc do
hat 4m cua vi soi cellulose tong hop bang vi khuan. Do BC ciing 14 mét loai cellulose nén c6 tinh chét cua
soi cellulose thong thudng d6 1a tinh hiat &m rat manh, Iyc 4m cao, diéu nay dugc thé hién thong qua bang
1, ham lugng khé trong miu chi chiém 4,28% tong khdi lugng mau. Ham luong khé nay tham chi con
thip hon ham luong kho trong cac mau cellulose thuc vét. Didu nay co thé giai thich do cellulose vi
khuan c6 d¢ tinh khiét cao, khong co sap, lignin, hemicellulose va pectin nén c6 ham luong tinh thé cao,
tang kha nang giit nudc. Ngoai ra, cellulose tong hop bang vi khuan dugc dinh huéng trong qué trinh
téng hop, tao thanh cac mang bén [4, 5].
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3.2 Anh hudng ciia phwong phap xir Iy bing NaOH t6i hinh thai va ciu tric ciia vi sgi

Xét v& mit cam quan BC sau khi xtr Iy bang NaOH c6 d6 trong sudt cao hon rat nhiéu so véi BC
trude khi xir 1y (Hinh 1). NaOH thé hién tinh kiém manh 1am cac bo vi soi c6 kha ning cudn xodn lai.
Nhitng tac dong nay s& cang rd rang hon khi ndng d6 dung dich NaOH ting 1én lam suy yéu d6 cimg va
d6 bén cua soi BC. Vi vay, can st dung dung dich NaOH dé xur ly mau BC & néng do thép can thiét, ¢
day chon 2,5%, nguyén nhan lién quan dén su thay ddi hinh thai va cdu tric vi soi dudi su tac dong cua
dung dich kiém.

.r.(;‘fﬁn (b)
k, : b

Hinh 1. Hinh anh ctia mau BC: a) Khi chua xir 1y, b) Khi da xir 1y bang NaOH 2,5%

Dé quan sat sy thay d6i hinh thai cdu trac vi soi trude va sau khi xir Iy NaOH da sir dung kinh hién
vi dién tir quét (SEM), két qua thé hién qua hinh 2. Ddi véi mau BC khi chwa dugc xir Iy bang NaOH, cac
vi s¢i cellulose dinh lai v&i nhau thanh tdm. D4i v6i mau da xir Iy NaOH cac vi s¢i tich nhau ra 16 rang
hon nhiéu va dan xen 1an nhau, phan 16n cac vi soi quan sat dugc c6 dudng kinh kha dong déu, dong thoi
van gilt mat do lién Kkét gitlra cac tap hop soi rat chat chg.

Hinh 2. Anh SEM bé mit ctia mau BC: a) Khi chua xtr 1y, b) Khi d4 xir Iy bang NaOH 2,5%

C6 thé giai thich diéu nay 1a do tac dung ciia NaOH xen vao gilra cac soi lam cho mﬁu BC truong
1én, tach cac soi ra, dé 16 ra cac vi soi cellulose trén bé mat do d6 c6 thé quan sat rd rang céu trac cia vi
soi hon. Pdng thoi, NaOH gitp loai bo cac tap chat con du trong qua trinh nudi cay ton tai trong mau
cling nhu xéc vi khudn hay 16p mang nhay do vi khuan tiét ra nam xen k&, che 1ap cac bo soi. Tuy nhién
tac dung ciia NaOH van chua triét dé do c6 mot lugng 16n cac nhom hydroxyl trén bé mit vi soi nén ludn
c6 xu hudng tao thanh cac lién Kkét hydro gitra cac vi sgi vdi nhau rat manh m& dan dén su dinh két cua
cac vi soi lai voi nhau [6].
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Hinh 3. Anh SEM ¢ d6 phéng dai 20000 14n (a) bé mit va (b) mat cit mang BC da xur 1y bang NaOH 2.5%

Anh SEM thé hién 16p bo soi cellulose dai bong tréc ra khoi bé mit mang, dan xen 1an nhau. Tuy
nhién, bén trong van con nhiéu 16p soi cellulose con bén chit véi nhau do NaOH chua lam tach duoc
hoan toan cac s¢i ra (Hinh 3). Soi BC c¢6 dudng kinh soi trong khoang 30 — 140 nm thich hop dé sir dung
1am cbt soi nano gia cuong cho vat liéu composite.

3.3 Anh hudng ciia ham lwgng vi sgi cellulose téi tinh chét co hoc ciia vat liéu composite trén co sé

nhua epoxy

Tinh chét co hoc cua vat liéu composite ché tao tir nhua nén epoxy két hop voi sgi gia cudng
cellulose vi khuan (BC) duoc khao sat & cac ty 16 BC/epoxy la 0%, 0,5%, 1%, 2% va 4%. Khi ting ham
lugng BC 1én thi dd nhét ciia hdn hop tang dan va trong truong hop ham luong BC tang 1én t61 4% thi do
nhot ciia hdn hop qua cao khi dua vé nhiét do phong dan t&i khong thé tién hanh tron chéat dong ran
DETA ciing nhu khong thé d6 khuon duge, do dé chi cé thé khao sat tinh chit co hoc ciia cac mau
composite ¢6 ham lugng BC 1an luot 1 0%, 0,5%, 1%, 2% (Hinh 4).
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Hinh 4. Biéu d6 thé hién do bén kéo va modul kéo ctia cac mau soi BC/epoxy composite
Ttr hinh 4 va hinh 5 ¢6 thé thay rang ¢ ty 18 1% vé khdi lugng giita BC v6i nhua nén epoxy thi co

tinh cia mau composite tang 1én rd rét, diéu nay thé hién qua viéc cac gia tri do bén (ting suat toi da tai
thoi diém mau bi pha huy), modul tang ty 1€ thuan véi ham lugng sgi BC gia cuong va dat gia tri toi da
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tai ham luong 1% BC (d9 bén kéo dat 55,9 MPa, modul dan hoi kéo dat 1,86 GPa, do bén udn dat 80,7
MPa, modul dan hdi udn dat 3,89 GPa). Tuy nhién, khi ham lwgng BC & mirc 2% thi d6 bén kéo ciling nhur
modul kéo bi giam xudng diéu nay 1a do khi ham luong soi BC qué cao nén nhua epoxy khong thim déu
dugc 18n soi. Ngoai ra, sau khi tron BC vao thi 6 nhét ting 1én kha manh nén khi tron tac nhan dong rin
DETA vao sé& khong déu diéu nay dan dén c6 nhitng chd khong du lugng DETA dé dong ran, trong khi d6
lai c6 nhitng chd du DETA. Két hop hai yéu td trén 1am cho d6 bén kéo va modul kéo giam kha manh &
mau composite c6 ham lugng 2% BC.
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Hinh 5. Biéu d6 thé hién d6 bén uén va modul ubn ciia cac mau sgi BC/epoxy composite

Két qua do co tinh tang rd rét tai ty 1& 1% s¢i/nhya thé hién tac dung gia cudng rat 16n cia vi sgi BC
dbi voi nhua nén epoxy khi str dung & ham luong thich hop. Panh gia vé kha ning gia cudng cua soi BC
nhin chung di dat yéu cau ciing nhu khong co sy khac biét dang ké khi so sanh vai soi cellulose thuc vat.
Céc két qua do co tinh trén ciing phi hop véi mot sb cong bd vé cac loai vi soi cellulose khac [5, 7, 8]. Vi
vay, chon ty 18 1% vé khéi lugng sgi BC/Epoxy la ty 18 tdi wu.

4 KET LUAN

Nhom nghién ctiru dd ché tao thanh cong vi soi cellulose dugc hinh thanh nhd ching vi khuén

Acetobacter xylinum tir cac nguyén vat lidu d& tim, chi phi thdp nhu nudc dira gia, dudng saccharose v6i
quy trinh nudi cdy tién hanh don gian, khong doi hoi nhiéu thiét bi dt tién, dat dugc hiéu suit twong ddi
t6t. Vi soi dugc 1am sach va tach roi bang phuong phap siy chan khong két hop véi xir 1y kiém.
Nghién ctru dd danh gia dugc hinh thai, cau tric va kich thudc vi soi sau xir 1y, qua d6 kiém chimg hiéu
qua clia qua trinh xtr 1y kiém, sy phan bd twong dbi déu va dic tinh hat 4m cta vi soi cellulose hinh thanh
do vi khuan. Vi soi cellulose, dugc ché tao tir vi khuan c6 kich thude sgi ¢ nanomet, phii hop cho g
dung 1am ¢4t soi nano gia cudng trong vat liéu composite.

Nghién ctru phan tan thanh cong vi soi cellulose trong nhua nén epoxy va ché tao mau vat liéu
composite tir hai thanh phan nay, dong thoi danh gia mot s6 tinh chat co hoc ciia vat liéu composite, anh
huong cia ham Iugng soi tdi cac tinh chét co hoc, tir d6 khao sat va chon ra ty 1& ham lugng soi thich hop
1a ty 18 1% vé khéi luong soi/nhua cho qua trinh dong rén ciing nhu cho mau composite dat co tinh t6i vu.
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