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TOM TAT
Nghién ctru ndy ddnh gid dnh huéng cla ty 1€ phén trdm cellulose vi khuén va
xo' soi dai dén dé chju buc va dé bén nén vong cla gidy carton chira cellulose vi
khuén. Cellulose vi khudn dwoc tao thanh béng cdch thuy phén bin gidy vdi acid

Théng tin chung: sulfuric (H.S04) va Ién men bdng Acetobacter xylinum, trong khi xo soi ddi thu
Ngay nhan bai: 10/12/2024 duwoc qua viéc nghién bét gidy tdi ché tir nha mdy gidy tdi ché & tinh Binh Phudr,
Ngay phén bién: 13/01/2025 Viét Nam. Gidy carton chiva cellulose vi khudn duoc sén xuét vdi cdc ty 1€ phén

Ngay quyét dinh ddng: 07/02/2025  trém cellulose vi khudn (8 — 16%) va xo' sgi dai (8 — 20%) khdc nhau. Phuong
phdp ddp tng bé mdt (RSM) dugc dp dung dé ddnh gid dnh huwdng cua cdc
théng s6 dau vao dén dé chiju buc va dé bén nén vong cuda gidy carton chira
cellulose vi khuén. Hai mé hinh héi quy bac hai dad dwoc thiét lap vdi hé s6
twong quan (R?) cao, cho thdy mirc dé tuong quan chét ché véi dif liéu thuc
nghiém. 6 phti hop cla mé hinh tiép tuc dwoc xdc nhén théng qua phdn tich
théng ké, khéng dinh dé tin cdy cia mé hinh trong viéc du dodn cdc ddc tinh co

Tir khéa: hoc. Két qud nghién ctru cho théy su cdi thién ddng ké vé dé chiu buc va dé bén

Bun gidy, carton, cellulose vi nén vong, nhdn manh tiém ndng cda cellulose vi khudn nhu mét vat liéu dé

khuén, dé chiu buc, d6 bén téng cu‘t:J'ng mét sé ddc tinh co hoc trong sén xudt gidy carton. Ngodi ra, cdc

théng sé san xudt t6i wu dé dugc xdc dinh, gép phén trng dung sén xuét gidy
carton chira cellulose vi khuén & quy mé céng nghiép.

ABSTRACT

This study aims to assess the effects of bacterial cellulose and long fiber content
on the bursting strength and ring crush resistance of carton paper containing
bacterial cellulose. Bacterial cellulose was synthesized by hydrolyzing paper
sludge with sulfuric acid (H.SO,) and fermenting it using Acetobacter xylinum,
while long fibers were obtained by defibrating recycled paper pulp from a paper
recycling mill in Binh Phuoc province, Vietnam. Carton paper containing
bacterial cellulose was manufactured with varying bacterial cellulose (8 — 16%)
and long fiber (8 — 20%) content. The Response Surface Methodology (RSM)
was employed to systematically analyze the effects of these variables on
bursting strength and ring crush resistance. Two quadratic regression models
were established, exhibiting high coefficients of determination (R? values),
indicating a strong correlation with experimental data. The model adequacy
was further validated through statistical analysis, confirming its reliability in
predicting mechanical performance. The results demonstrated a significant
enhancement in both bursting strength and ring crush resistance with
increasing bacterial cellulose and long fiber content, highlighting the potential
of bacterial cellulose as a reinforcing material in carton paper production.
Additionally, optimal production parameters were identified, contrubuting to
the industrial application of bacterial cellulose-reinforced carton paper.

nén vong.
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Ky thudt & Céng nghé

1. AT VAN DE

Cellulose vi khuan (BC) Ia m6t dang cellulose
c6 dd tinh khiét cao va mirc d6 két tinh 16n, cha
yéu duoc tao ra thong qua qua trinh 1én men
cla Acetobacter xylinum. Qua trinh nay hinh
thanh céac sgi nano vdi ty |é cao, tao nén mang
ludi x8p 3D nho su lién két cda nhiéu lién két
hydro, gitip tang dién tich bé mat dang ké. Nh&
dac diém nay, BC c6 kha nang gilt nwdc ratcao,
lén dén khoang 200 lan so vai khéi lwgng kho
cla nd. Bén canh do, cau tric xép 3D ciling
mang lai nhiéu tinh chat dac biét cho cellulose
vi khudn, bao gbm dd bén co hoc cao va kha
nang twong thich sinh hoc tuyét voi [1]. Chinh
vivay, BC dugc xem la mét trong nhirng vat liéu
sinh hoc tiém nang nhat véi nhiéu &rng dung da
dang nhu trong nganh dét may, san xuat giay,
mang loc va vat liéu hap thu [2-4].

D3 c6 mot s6 cong trinh nghién clru vé viéc
&ng dung BC trong san xuat gidy nhu cia nhom
nghién cruNguyén Dinh Quan, Trudng Dai hoc
Bach Khoa - Dai hoc Quéc gia TP. HCM d3 tan
dung bun thai cha nha may gidy dé san xuat
cellulose vi khuan trén vao vat liéu dé tang
cuwong chat luvgng gidy [5]. V8 Thi Thanh Huong
va cong sy [6] d3 thir nghiém san xuat cellulose
vi khuan (BC) tir bun gidy & quy md pilot va
danh gia ing dung ctda BC nhu mét chat dén
tdng cuong trong san xuat gidy. Dudc két tu
nhitng cong trinh nghién ctru da dwoc thuc
hién, BC hoan toan cé thé dwoc rng dung dé
tdng cwong chat luvong gidy [4].

Nham cung cap thém théng tin mot cac hé
théng cho viéc phat trién (rng dung bét gidy
cellolose vi khuan cho san xuat gidy bao bj,
nghién ctru da thyc hién véi muc tiéu danh gia
adnh hudng cla ty 1& phan tram cellulose vi
khuan va xo sgi dai dén do chju buc va do bén
nén vong cla gidy, dong thai xac dinh cac théng
s6 san xuat t8i wu dé sdn xuat gidy cartonchira
cellulose vi khuan.

2. PHUONG PHAP NGHIEN CU'U
2.1. Vatliéu
2.1.1. Cellulose vi khuén

Bun gidy dung trong nghién clru nay duogc
thu thap tir Nha may gidy tai ché Khéi Nguyén,
tinh Binh Phudc. Chung vi khudn Acetobacter
xylinum dwgc cung cap bdi Trung tdm Khoa hoc
Sinh hoc, Truong Dai hoc Khoa hoc Ty nhién -
Pai hoc Qudc gia TP. HCM.

Bun gidy sau khi thu gom dugc xt ly so bd
bang cach ngdm trong dung dich NaOH 1M &
30°C trong 24 gid. Sau dé, hén hop nay duoc
ép duwdi dp suat 1,1 — 1,3 MPa dé loai bo phan
nudc du thira. Phan chat ran thu duoc s& duoc
dua vao thiét bi phan &ng dé thyc hién giai
doan thuay phan.

Qua trinh thay phan dién ra véi acid sulfuric
(H2S04) 8% khéi luvgng, trong do ty 1€ gitta khéi
lwgng ran (khd) va dung dich duy tri & muc
1:40. Hé thong phan &ng dwoc gia nhiét bang
hoi nudc dén 120°C, gilr 6n dinh nhiét do trong
1 gio. Sau thuy phan, dung dich duwgc trung hoa
bang NaOH va Ba(OH), v&i ty 1&é mol 6:4 cho dén
khi dat pH 5-5,5.

Trudce khi lén men, A. xylinum dugc nudi cay
trong méi truong goém: Glucose: 40 g/l,
peptone: 5 g/l, yeast extract: 5 g/I, (NH4),HPO,:
2,7 g/, nudc dira: 1.000 ml. H6n hgp nudi cay
duoc hdp thanh trung & 121°C trong 5 phut,
sau do dé ngudi dén 30°C trwdc khi bd sung
10% con gidng vi khuan. Vi khuan duoc nudi
duy tri & 35°C trong 7 ngay trudc khi tién hanh
|&én men bun gidy.

Dich dwong sau trung hda dugc chuyén vao
thiét bi phan &ng cé dung tich 800 lit, sau dé bd
sung yeast extract, peptone va (NH,),HPO, dé
cung cap dinh dudng cho vi sinh vat. Hon hop
nay duwoc hap thanh trung bang hoi nuéc &
100°C trong 10 phut trudc khi phan phdi vao
cac khay cé kich thuéc 34,5 x 27 x 8 cm.

Dung dich trong khay dugc lam ngudi xudng
35°C, sau d6 b6 sung 10% A. xylinum vao moi
khay. B&é mat cac khay dwoc che phi bang gidy
bao dé han ché tap nhiém, déng thoi duy tri nhiét
dd 6n dinh 35°C trong sudt 14 ngay |én men.

Khi két thic qua trinh 1én men, |&p cellulose
vi khudn ndi trén bé mat duwoc thu hoach va
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chuyén vao bé chira dung dich xut dé tay trang
va lam sach san pham.
2.1.2. Xo soi dai

Bot gidy tai ché duwoc thu gom tai nha may
gidy tai ché Khéi Nguyén, tinh Binh Phuéc. Sau
do bot gidy téi ché duoc nghién va sang loc tdch
cac xo soi dai ra khéi cac loai xo soi conlai.
2.2. Phwong phap nghién ctru
2.2.1. Phuwong phdp ddp trng bé mdt va
phwong dn céu tric cé tém

Trong nghién cltu nay, phwong éan cautrdc c
tdm (CCD) trong phuong phap dap ng bé mat
(RSM) duorc str dung dé phan tich anh huéng

cla hai thong sé dau vao, bao gbm ty 1é phan
tram cellulose vi khudn (%) va ty |é phan tram
X0 soi dai (%), dén dd chiu buc va dé bén nén
vong cula gidy carton. Ma tran thi nghiém gém
11 nghiém thirc dwoc thiét ké bang phan mém
Minitab phién ban 21.2, trong dé cé 3 nghiém
thire 13p tai tdm. Mrc va khoang bién thién cla
cacthéng s6 dau vao dugc trinh bay trong Bang
1, trong d6 ty 1& phan trdm cellulose vi khuan
dao déng tlr 6% dén 18% va ty Ié phan tram xo
soi dai tir 6% dén 22%. Cac nghiém thirc khao
nghiém duoc xac dinh bang phwong phap RSM
két hgp CCD duwoc tém tat trong Bang 2.

Bang 1. Mirc va khoang bién thién cta cac théng sé dau vao

Dang ma héa va dang thuc

Céc thdng s6 dau vao

-o -1 0 1 a
Ty & phan trdm cellulose vi khuan (%) 6 8 12 16 18
Ty 18 phan trdm xo sgi dai (%) 6 8 14 20 22

Bang 2. Ma tran thi nghiém véi cac nghiém thirc khdo nghiém

Ty 1& phan tram cellulose vi khuan

Ty 1& phan tram xo soi dai

NT BC% LF%
NT1 8 8
NT2 16 8
NT3 8 20
NT4 16 20
NT5 6 14
NT6 18 14
NT7 12 6
NT8 12 22
NT9 12 14

NT10 12 14
NT11 12 14

2.2.2. Quy trinh sén xudt gidy carton chua
cellulose vi khuén

Cellulose vi khuan sau khi tdy trang sé duoc
nghién nho va trén véi xo soi dai va céc loai xo
sgi con lai vai ty [é phan tram theo cdc nghiém
thirc khdo nghiém. Sau dé hdn hop phdi tron
duoc cho thém phu gia va khudy déu, cudi cung
la xeo va say giy.
2.2.3. Phwong phdp xac dinh dé chiu buc, dé
bén nén vong cuda gidy carton

Do chiu buc dwoc xac dinh theo Tiéu chuan
Viét Nam TCVN 3228-2:2000 vé Gidy va cac
tdng - Xac dinh d6 chiu buc [7]. D6 bén nén

vong dugc xac dinh theo Tiéu chuan Viét Nam
TCVN 6896:2015 vé Gidy va cac tdng - Xac dinh
dd bén nén - Phuwong phap nén vong - 15 [8].
3. KET QUA VA THAO LUAN

K&t qua xac dinh d6 chiu buc va d6 bén nén
vong cla gidy carton thi nghiém duworc téng hop
& Bang 3.

Trong nghién ctru nay, mo hinh da thic bac
hai da dwoc xay dwng bang phuong an cau tric
c6 tdm (CCD) dé danh gia cac anh hwdngtuyén
tinh, bac hai va twong tic cla cac théng sé dau
vao d6i véi dé chiu buc va d6 bén nén vong cla
gidy carton. Phuong phap phan tich phuong sai

140 TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 14, SO 1 (2025)



Ky thudt & Céng nghé

(ANOVA) duoc sir dung dé xac dinh cac yéu té
c6 y nghia théng ké trong mé hinh d6i véi dé

Bang 3. Két qua dd chju buc va dé bén nén vong cha gidy carton thi nghiém

chiu buc (BS) va d6 bén nén vong (RCR), nhw
dugec trinh bay chi tiét & Bang 4 va Bang 5.

Ty lé phan tram Ty |& phan tram Do chiu buc D6 bén nén vong
NT cellulose vi khuan X0 soi dai BS RCR
BC% LF% (KPa) (KN/m)
NT1 8 8 146 11,25
NT2 16 8 155 12,31
NT3 8 20 156 11,32
NT4 16 20 183 12,75
NTS 6 14 149 10,90
NT6 18 14 172 12,44
NT7 12 6 154 12,21
NT8 12 22 174 12,45
NT9S 12 14 165 12,89
NT10 12 14 167 12,86
NT11 12 14 166 12,92
bC - - 135 9,80
Bang 4. Két qua phén tich phuong sai déi v&i dd chiu buc
Source DF Adj SS Adj MS F-Value P-Value
Model 5 1281,78 256,356 51,38 0,000
Linear 2 1138,21 569,103 114,06 0,000
BC% 1 584,74 584,735 117,20 0,000
LF% 1 553,47 553,471 110,93 0,000
Square 2 62,57 31,287 6,27 0,043
BC%*BC% 1 58,93 58,932 11,81 0,018
LF%*LF% 1 16,73 16,727 3,35 0,127
2-Way Interaction 1 81,00 81,000 16,23 0,010
BC%*LF% 1 81,00 81,000 16,23 0,010
Error 5 24,95 4,989
Lack-of-Fit 3 22,95 7,649 7,65 0,118
Pure Error 2 2,00 1,000
Total 10 1306,73
Bang 5. Két qua phan tich phwong sai ddi véi dd bén nén vong
Source DF Adj SS Adj MS F-Value P-Value
Model 5 5,17025 1,03405 85,26 0,000
Linear 2 2,80177 1,40088 115,51 0,000
BC% 1 2,71059 2,71059 223,50 0,000
LF% 1 0,09118 0,09118 7,52 0,041
Square 2 2,33426 1,16713 96,23 0,000
BC%*BC% 1 2,21677 2,21677 182,78 0,000
LF%*LF% 1 0,58837 0,58837 48,51 0,001
2-Way Interaction 1 0,03422 0,03422 2,82 0,154
BC%*LF% 1 0,03422 0,03422 2,82 0,154
Error 5 0,06064 0,01213
Lack-of-Fit 3 0,05884 0,01961 21,79 0,044
Pure Error 2 0,00180 0,00090
Total 10 5,23089
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3.1. Anh hwéng cla ty & phdi tron cellulose vi
khuan va ty 1& xo s¢i dai dén dé chiu buc cha
gidy carton

Céc thdng s6 dau vao va tuong tac cda ching
vdi d6 chiu buc duogc phan tich qua biéu do
Pareto (Hinh 1), trong d6 dwdng nét durt biéu thi
ngudng y nghia théng ké & murc tin cidy 95%.
Phan tich phuong sai ANOVA va biéu d6 Pareto
cho thay ty |é phéi tron cellulose vi khuan (BC) va

Term

@ = o

AB

AA

BB

o 2 4 6 8 10 12

Standardized Effect

Hinh 1. Biéu d6 Pareto cho d6 chiu buc (BS)

200
180
160
140
120
100
80
60
40
20

(KPa)

Pd chiu buc

8% BC
- 8%
LF

16% BC
- 8%
LF

8% BC
- 20%
LF

16% BC
- 20%
LF

6% BC
- 14%
LF

LF%

ty 1& phdi tron xo sgi dai cé dnh hudng déng
ké dén d6 chju buc (Bang 4 va Hinh 1). Khi ty 1é
BC va ty 1& xo soi dai tdng, dd chiu buc gidy
carton thi nghiém cling tang, dat cyc dai 183
KPa tai 16% BC va 20% xo sq@i dai (Hinh 2 va 3).
Sy cai thién nay cé thé do BC tang cudng dé
bam dinh gilta céc soi, 1ap day khoang trong
trén bé mat gidy, qua dé nang cao d6 bén tdng
thé [9, 10].

r Nam:

195
180
BS (kPa)
165

150 -

Hinh 2. D6 thij biéu hién sw anh huédng cla ty 1&
phan tram BC va xo s¢i dai dén BS

18% BC 12% BC 12% BC 12% BC 12% BC 12% BC bC
- 14% - 6% - 225 - 14% - 14% - 14%
LF LF LF LF LF LF

Hinh 3. D6 chiu buc qua cac nghiém thirc khdo nghiém

3.2. Anh hwéng cua ty & phdi tron cellulose vi
khuan va ty 1é xo s¢'i dai dén d6 bén nénvong
cla gidy carton

Tuong ty thong sé dau vao va cac tuongtac
cla chung d6i vdi dd bén nén vong cling dugc
phan tich bang biéu d6 Pareto (Hinh 4).

Ty 18 phdi tron cellulose vi khuan va ty 1é xo
sgi dai c6 anh hudng c6 y nghia dén d6 bén nén
vong, thé hién qua két qua phan tich phuong sai
ANOVA trong Bang 5 va biéu d6 Pareto (Hinh 4).

142

Khi ty 1& phéi trén cellulose vi khuan va tylé xo
soi dai tang, dd bén nén vong cla gidy carton
thi nghiém tang, dat gid tri cao nhat 13 12,92
KN/m tai 12% cellulose vi khuan va 14% xo soi
dai. Tuy nhién, sau ngudng nay, do bén nén
vong giam nhe (Hinh 5 va Hinh 6). Nguyén
nhan cé thé do soi BC cd kich thudc micro va
nano véi chiéu dai ngan, dan dén sy suy giam
lien két ngang khi ham lwong BC vuot qud
12%, lam gidm d6 bén nén vong cua gidy [11].
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EE

0 2 4 5 8 10 2 1 16
Standardized Effect

Hinh 4. Biéu d6 Pareto cho
d6 bén nén vong (RCR)

14
o —
I 12 =3
0
> 10
S =z 8
\8 E
= 6
e
g = 4
< 2
9 0
8% BC 16% BC 8% BC 16% BC 6% BC
-8 -8 -20% -20% - 14%
LF LF LF LF LF

RCR (kN/m)

15%
BC3%

Hinh 5. D6 thij biéu hién sw anh hwéng cha ty 1é
phan trdm BC va xo’ s¢i dai dén RCR

18% BC 12% BC 12% BC 12% BC 12% BC 12% BC BC
- 14% - 6% -225 -14% - 14% - 14%
LF LF LF LF LF LF

Hinh 6. D6 bén nén vong qua cac nghiém thirc khdo nghiém

3.3. Phan tich héi quy va dé phu hop cia mé
hinh

DO phu hop cta md hinh dugc danh gia
théng qua hé s6 twong quan (R?), mot tham s6
théng ké toan cuc nham do lwdng mic do
twong thich cia md hinh véi dir liéu thuc
nghiém. Cac gia tri R? d6i v&i d6 chiu buc va dé
bén nén vong lan luot 1a 98,09% va 98,84%, cho
thay sy phU hop chat ché véi dit liéu thuc
nghiém. Diéu nay chirng td md hinh gidi thich
duoc phan |6n su bién thién cta dit liéu, vai
murc sai s6 con lai dudi2%.

Dé kiém tra sdu hon vé dé phu hop cda md
hinh, hé s6 tuwong quan d3 diéu chinh (R? diéu
chinh) ciing dugec tinh toan, vdi céc gia tri lan
lwot 12 96,18% va 97,68% ddi vdi dod chiu buc va
dd bén nén vong. Nhirng két qua nay xac nhan
tinh vitng chac clla mé hinh, déng thoi cho thay

mo hinh cé thé dp dung hiéu qua trong thyc té
san xuat.

Kiém dinh chudn Ryan-Joiner dugc thuc
hién dé danh gid tinh chuan cda phan dutrong
mé hinh héi quy d6i vai dé chiu buc va do bén
nén vong. K&t qua kiém dinh thu dwoc gid tri p-
value > 0,05, cho thay khéng cd su sai léch dang
ké so v&i phan ph6i chudn. K&t qua nay xac
nhan rang cac phan du trong mé hinh hdi quy
tuan theo phan phdi chuan, dam bao tinh hop
|é cta cac gia dinh ANOVA va do tin cdy ctlamé
hinh dy doan (Hinh 7).

Sau khi d3 loai bé cac hé s6 hoi quy khéng ¢
y nghia théng ké, phuong trinh tuwong quan
bi€u dién sy anh hudng cla ty 1é phan tram
cellulose vi khudn BC% (%), ty |& phan tram xo
soi dai LF% (%) dén do chiu buc BS (KPa) va do
bén nén vong RCR (KN/m) nhu sau:

BS = 128,8 + 314 BC% - 82,4 LF% - 1539 BC%? + 1875 BC% x LF% (1)
RCR = 3,909 + 99,15 BC% + 29,40 LF% — 354,3 BC%* —98,4 LF%> (2)
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Probability Plot of BS (kPa)
Normal

Percent
n
g

130 140 150 160 170 180 190
BS (kPa)

162,5
143
1
0,985

e >0,100

Probability Plot of RCR (kN/m)
Normal

Percent
5

105 1.0 n5 12,0 12,5 13,0 13,5 14,0
RCR (kN/m)

Hinh 7. Kiém dinh chudn Ryan-Joiner d&i véi dd chiu buc va d bén nén vong

3.4. Diéu kién xtr ly téi wu

Diéu kién x ly t&i vu dugc xac dinh vdi tong
mic d6 mong mubn cao (composite
desirability = 0,9492). Ty |& cellulose vi khuan

Optimal

D:00402 '3 L)

o [0,1570]

Low 0,0

BCo%

80

60

toi wu la 16%, vadi ty & xo soi dai [a 20%. Dudi
cac diéu kién nay, do chiu buc dat 182 KPa va
dd bén nén vong dat 12,79 KN/m (Hinh 8).

LF3%
0,220
[0,1974]
0,060

Composite
Desirability
[: 0,9492

RCR (kM/
Maxinum
y=127910
d=093613

BS (kPa)
Maxinmum
y = 181,6134
d = 0,96253

Hinh 8. Mt cit cia bé mat dap (rng tai diém t8i wu cho dd chju buc
va dd bén nén vong cua gidy carton

4. KET LUAN

Nghién ctru nay cho thay cellulose vi khuan
hoan toan cd thé sir dung dé ting cwdng chat
lvgng gidy carton, thé hién qua sy gia tang do
chiu bucva do bén nén vong clia gidy. Cang tang

ty 18 phan tram cellulose vi khuan va ty |& phan
tram xo soi dai thi dé chiu buc va dé bén nén
vong cla gidy cang tang. Tuy nhién, d6 bén nén
vong bat dau gidm nhe khi ty 1& phan trdm
cellulose vi khuan 1&n hon 12%. Diéu kién xir ly
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t8i wu d3 duwoc xac dinh véi ty 1& cellulose vi
khuan tdi wu 13 16% va ty 1& xo sgi dai la 20%.
Duwéi cac diéu kién nay, d6 chiu buc dat 182 KPa
va dod bén nén vong dat 12,79 KN/m.
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