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Tom tdt:

Nghién ciiu nay dvgc thuc hién v6i muc tiéu thii nghiém sdn xudt cellulose vi khudn (BC) tii bin gidy &
quy mo pilot va ddnh gid ing dung ciia BC nhu mét chdt don ting cuong trong san xudt gidy. Phuong
phap thic nghiém, thu thdp va phan tich sé liéu, két hgp vdi can bang vit chdt va ning lugng da dvgc sit
dung dé ddnh gid hiéu qua sdn xudt BC quy mé pilot. Dé ddanh gid chdt lugng gidy, cdc phuong phdp do do
buc, do nén vong va kinh hién vi dién tii quét da dugc dp dung. Két quad thu dugc ghi nhdn nhu sau: Ti 100
kg biin gidy uét/mé (do dm: 83,5%), qud trinh thity phdn véi acid sulfuric (H,SO ) va lén men vdi vi khudn
Acetobacter xylinum da tao ra 132,3kg BC 46t (46 am 96% khéi lugng). Ning lugng cdn thiét dé san xudt
mot mé la 96,65 MJ, trong do, ning lugng cung cdp cho noi hoi chiém lugng l6n nhdt (76,93 MJ) so véi cdc
thiét bi con lgi. Gidy sdn xudt dugc tron véi 20% BC c6 do buc la 2,00 kgf/cm? (0% BC la 1,37 kgf/cm?) va
do nén vong dat gid tri cao nhdt la 12,89 kgf/m tai 12% BC. Nhu vdy, BC da dugc chiing minh la mét chdt
don ginp tang cdc ddt tinh cia gidy.

Tii khéa: Cellulose vi khudn, bun gidy, nha mdy thi diém, do nén vong, do buc.

Ngay nhdn bai: 27/7/2023. Ngay svia bai: 19/8/2023. Ngay duyét ddang: 25/9/2023.

Pilot-scale production of bacterial cellulose (BC) from paper

sludge and its application as an enhancer for paper quality
Abstract:

This study was carried out with the objective of testing the production of bacterial cellulose (BC) from

paper waste sludge on a pilot scale and evaluating the application of BC as a reinforcing filler in pulp paper
production. Experimental methods, data collection and analysis, combined with material and energy balance
were used to evaluate the efficiency of pilot-scale BC production. To evaluate paper quality, methods of
measuring bursting, ring compression and scanning electron microscopy were applied. The results obtained
were recorded as follows: From 100 kg of wet paper sludge/batch (humidity: 83.5%), hydrolysis with sulfuric
acid (H,50,) and fermentation with Acetobacter xylinum bacteria produced 132.3kg of wet BC (96%
moisture by weight). The energy required to produce one batch is 96.65 M]. In particular, the energy supplied
to the boiler accounts for the largest amount (76.93 M]) compared to the remaining devices. Paper produced
mixed with 20% BC has a bursting strength of 2.00 kgf/cm’ (0% BC is 1.37 kgf/cm?), and ring compression
reaches the highest value of 12.89 kgf/m at 12 % BC. Thus, BC has been proven to be a filler that helps
increase the properties of paper.

Keywords: Bacterial cellulose, paper sludge, pilot plant, ring compaction, bursting.

JEL Classifications: Q51, Q53, Q55.

1. AT VAN PE

Bun gidy la chét thai phat sinh trong quy trinh san xudt
gidy. Bun gidy chtta mot lugng 16n cac hgp chat phic tap va
khong thé téi st dung truc tiép trong quy trinh san xuét. Vi
vay, bun gidy dugc coi 1a chat thai clia nganh céng nghiép
gidy. Loai chit thai cong nghiép nay c6 trii lugng 16n va cAn

phai dugc xti ly. Viéc xt ly bun gidy thai tiéu ton mot lugng
chi phi dang ké, nén day la ganh ndng ctia cic nha mdy san
xudt gidy tai Viét Nam.

Trong céc phuong phép xt ly, st dung bun gidy dé san
xudt cellulose vi khuén (BC) la phuong phap méi, ¢6 hiéu
qua cao [1]. Phuong phdp nay khong nhiing xt ly dugc

S69/2023

1



NGHIEN CUU

¢

lugng bun gidy thai, ma con stt dung BC nhu mdt chat don
gitp ting cuong ddc tinh gidy [1]. BC von ¢6 thé dugc tao
ra tli cac ngudn nguyén liéu khac nhau nhu ba ca phé, trai
cay, hodc cellulose tui ciy trong. Tuy nhién, cé rat it nghién
cuiu stt dung bun gidy thai ti quy trinh san xudt gidy dé san
xudt BC. Viéc nghién ctiu va phat trién mét quy trinh hiéu
qué d€ chuyén héoa bun gidy thanh BC ¢6 thé mang lai lgi ich
kinh té, ciing nhu méi truong. Méc du, tiém ning ctia qud
trinh chuyén héa buin gidly thanh BC la rét 16n, song viéc tién
hanh nghién ctiu va mé rong quy trinh san xuét 13 khong
don gian. Mot s6 thach thiic la: Viéc xt ly bun gidy gap kho
khén do bun gidy chiia nhiéu tap chat, hiéu qua chuyén hda
chi méi dugc chiing minh & quy mo Phong thi nghiém; Viéc
phdi trén BC vao gidy chi dugc chiing minh theo co s& ly
thuyét va chua dugc kiém nghiém.

Muc tiéu chinh ctia nghién ctu nay 1a tién hanh thu
nghiém quy trinh sdn xudt BC tli bun gidy 6 quy mo pilot
va danh gid ting dung cia BC nay nhu mot chat don tang
cudng trong san xudt gidy. Nghién ctiu ddt muc tiéu sé
dong gbp vao viéc phat trién quy trinh san xuét BC tii bun
gidy hiéu qua va bén viing, dong thai khai thac tiém nang
ung dung cta BC trong nganh cong nghiép gidy.

2. VAT LIEU VA PHUONG PHAP

2.1. Vit liéu va héa chdt

Bun gidy dugc thu gom tai Nha may gidy Khoi
Nguyén, huyén Chon Thanh, tinh Binh Phudc. Mot s6
héa chat khac dugc st dung cho nghién ctiu gém sodium
hydroxide, potassium hydroxide, glucose, peptone, yeast
extract (cao ndm men), acid sulfuric, acid clohydric va acid
acetic (dugc mua tt Trung Qudc).

Ngoai ra, bot gidly st dung trong san xudt gidy chia
BC, dugc cung cdp bai Nha mady gidy Khoi Nguyén.

Chuing Acetobacter xylinum dugc nudi ciy va phan lap
tai Trung tdm Khoa hoc va Céng nghé sinh hoc - Truong
Pai hoc Khoa hoc Ty Nhién - Pai hoc Quéc gia TP. H6
Chi Minh (HCM).

2.2. Quy trinh thi nghiém

Quy trinh san xuit BC tti bun gify khé véi quy mo 1én
dugc tién hanh tai Phong thi nghiém nhién liéu sinh hoc va
Biomass, Trudng Dai hoc Bach Khoa, Pai hoc Quéc gia TP.
HCM. Quy trinh san xudt bao gom céc giai doan: Tién xti ly
v6i HCL; Thity phén bang acid sulfuric (H,SO,); Trung hoa
va lén men véi vi khudn Acetobacter xylinum (A. xylinum).
Cac budc tién hanh dugc mo ta trong Hinh 1.

Quy mé san xudt BC cua pilot dugc udc tinh la 1.000kg
bun gidy uét/ngay (10 mé/ngay). Céc thiét bi bao gom: 1
thiét bi phan ting gia nhiét vo 4o thuc hién chtic nang tién
xu ly, thity phén, trung hoa va hip thanh trung. Ngoai ra,
con c6 cac thiét bi phu trg khac nhu: N6i hoi; thap gidi nhiét;
thiét bi gia nhiét; bom; may ép thiy Iuc (Hinh 4).

Bun gidly dugc thu gom tai Nha mdy gidy Khoi Nguyén,
huyén Chon Thanh, tinh Binh Phudc. Qué trinh tién xu ly
dugc tién hanh bing cach ngdm bun gidy vao dung dich NaOH
1M & 30°C, trong 24 gid. Sau d6, bun gidy dugc ép & ap sudt 1én
t6i 11 - 13 kgf/cm? (Hinh 2). Sau khi ép, phan rin dugc nap vao
thiét bi phan ting (Hinh 3), r6i tién hanh giai doan thtty phén.
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A Hinh 2. Hinh dnh mdy A Hinh 3. Thiét bi phdn
ép thily luc ing dung tich 8001

Qua trinh thay phan dugc thuc hién véi acid sulfuric
(H,SO,) 8% khoi lugng, ti 1é khoi lugng ctia lugng ran
(tinh theo khdi lugng khé) va lugng dung dich la 1/40,
thiét bi dugc gia nhiét bang hoi nudc 1én dén 120°C va duy
tri nhiét d¢ nay trong 1 gi6. Dung dich sau thiy phan dugc
trung hoa bang NaOH va Ba (OH), véi ti 1¢ mol la 6:4, dén
khi hon hgp dat pH ti 5 - 5,5.
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A Hinh 4. So do thiét bi quy mé pilot dé san xudt BC
tu bun gidy



Trudc khi tién hanh 1én men, chiing giéng A. xylinum
dugc dem di nudi ciy. Moéi trudng nudi cdy vi khudn bao
gdm cac thanh phan: glucose 40g/l; peptone 5g/l; yeast
extract 5 g/l; (NH,), HPO, 2,7 g/l va nudc diia 1.000ml
Sau d6, moi trudng nuoi cdy duge hép thanh triing 6 121°C
trong 5 phut va d€ nguoi con 30°C trudce khi 10% con giong
dugc nap vao [2]. Con gidng dugc nudi duy tri trong 7 ngay
& 35°C, trudc khi tién hanh 1én men bun gidy.

A Hinh 5. Nhdn giong A. xylinum

Dich duong sau trung hoa dugc cho nap vao thiét bi
phadn ting 800l Yeast extract, peptone va (NH,), HPO,
dugc bd sung vao dich duong lam ngudn dinh dudng
cho vi sinh vat. Hon hgp nay dugc thanh triing & nhiét do
100°C bang hoi nudc trong 10 phut. Sau khi tién hanh buéc
thanh trting hon hgp, dung dich dugc chia déu ra cac khay
6 kich thudc 34,5 x 27 x 8cm (Hinh 6). Dung dich trong
cac khay dugc lam nguéi xuéng 35°C trudc khi A. xylinum
dugc nap vao cac khay vdi ti1é 10%. Gidy bao dugc st dung
dé day kin cac khay. Duy tri nhiét d6 6n dinh 35°C trong
qua trinh 1én men trong 14 ngay.

A Hinh 6. Lén men dich dudng sau thiy phan
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Két thuc qua trinh 1én men, BC n6i trén mét dung dich
dugc thu hoach va cho vao bé chia dung dich xut dé tdy
trdng thanh phdm, chudn bi cho cong doan tuén hoan tai st
dung lam nguyén liéu cho qua trinh san xuét gidy tiép theo.

2.3. Nghién citu ting dung BC trong sdn xudt gidy
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A Hinh 7. Quy trinh xeo gidy chiia BC

BC sau khi thu hoach va lam trang dugc nghién nho
va tron véi bot gidy theo quy trinh trong Hinh 7. Ti1é BC
trong hén hgp 1a 0%, 4%, 8%, 12%, 16% va 20%.

Do nén vong va do buc dugc do dé€ danh gia chét lugng
cua gidy thu dugc. D6 nén vong dugc do theo Tiéu chuin
Viét Nam (TCVN) 6896:2015 vé Gidy va cac tong - Xac
dinh d6 bén nén - Phuong phip nén vong [3] va do buc
dugc do theo TCVN 3228-2:2000 vé Céc tong - Xac dinh
do chiu buc [4].

2.4. Phuong phdp
do do nén vong

Phuong phap do do
bén nén vong gidy va cac
tong xdc dinh do bén
nén canh (do6 bén nén
vong) cua gidy va cac
tong, dic biét, doi véi
cac tong dung trong san

—C =

o O xudt cac loai bao bi van
A Hinh 8. Gidy chiia B chuyén.
trudc khi sdy

Mot dai hep mau thu gidy, hodc cac tong dugc uén
cong thanh vong tron va chiu tic dong cta luc nén canh
tang d4n cho dén khi mau thu bat dau bi xep xudng.

Thiét bi thtt d60 bén nén Drk113 (Nhit Ban - Trung
Qudc) dugce st dung d€ xac dinh do nén vong. Thiét bi do
dugc dit tai Truong Dai hoc Nong Lam TP. HCM. Thong
s6 ky thuét: Thang kiém tra 13 5 - 5000N, d6 phan gidi
0,1N, d6 chinh xac +1%.

2.5. Phuong phdp do dé buc

Do buc 1a ap Iuc 16n nhét tic dung vudng goc 1én bé
mdt ma mau thu chiu dugc trude khi buc, trong diéu kién
thi tiéu chuin [4].
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Mau thtt dugc dit 1én tim mang ngan lam bang vat liéu
6 tinh dan hoi va dugc kep lai. Chat 1ong thuy luc dugc
bom véi téc do khong d6i lam phéng mang ngén cho téi
khi méu thtt buc. Do buc ctia cic tong 1a gid tri ap luc thuy
16n nhat da tac dung.

May do d¢ buc ctia gidy cac tong ma model QC-116
(bai Loan), dugc sti dung d€ xac dinh do buc. Thiét bi do
dugc dit tai Truong Pai hoc Nong Lam TP. HCM. Thong
s0 ky thuat: Kha ning kiém tra: 0 - 75kg/cm’ T6c do nén
170 +15ml/min (Ap luc cao).

2.6. Phan tich hinh thdi bé mdt (SEM)

Hinh thai bé mit cua sgi cellulose dugc kiém tra bing
kinh hién vi dién tt quét (Scanning Electron Microscopy
- SEM). Hinh anh cho théy, hinh théi bé mit cta cellulose
va cac tinh thé nano dugc chup tai nhiéu dé phong dai
khéc nhau. Hinh anh dugc do bang thiét bi JSM-IT200 tai
Truong Dai hoc Tai nguyén va Moi trudng.

3. KET QUA

3.1. Phan tich dong vdt chdt va nang lugng cho sdn
xudt BC tii bin gidy v6i quy mo lon

Quy trinh san xudt BC tu bun gidy bao gém cac buédc
chinh, d6 la tién xti ly, thity phan va 1én men. Quy trinh nay
dugc thé hién trong Hinh 4.

Qua trinh thiy phén va lén men dugc thuc hién theo
tting mé, khdi lugng moéi mé 1a 100kg bun gidy nhép liéu.
Nguyén liéu dugc phan tich thanh phan xo sgi. Két qua
phén tich dugc trinh bay trong Bang 1. D€ phan tich quy
trinh san xudt, 3 mé thi nghiém da dugc tién hanh, khoi
lugng dong vao va ra dugc ghi lai tai Bang 2.

Bang 1. Phén tich thanh phin bun gidy trudc va sau
tién xu ly
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Qua nghién ctiu cho thdy, c6 su thay déi thanh phan
cellulose qua giai doan tién xt ly, ham lugng cellulose giam,
tuy nhién, khong dang ké, ham lugng van cao hon 50%
tong khoéi lugng. Khoi lugng rin thit thoat khoang 18%.

Tong khdi lugng ctia dong vao 12 1758,5 kg. Khéi lugng
BC ué6t (d6 4m khoang 96%) thu dugcla 132,3kg. Qua trinh
chuyén héa nay tao ra mét s6 chét thai bao gdom: Dung dich
tién xt 1y (140,3kg); dich sau 1én men (1337,2kg); chét thai
ran gom bun thai sau thiy phan (8,1kg) va két ttia BaSO,
(42,9kg).

Nang lugng d€ vin hanh hé théng caing dugc téng hgp
va ghi lai, két qué dugc trinh bay trong Bang 3. Nang lugng
cho quy trinh bao gébm: Lo hoi dugc st dung d€ cung cdp
nhiét cho qua trinh thay phan, thanh tring va dién nang
can thiét cho hoat dong cuia thap giai nhiét, thiét bi phan
tng, bom, may nén thuay luc.

Béng 3. Nang lugng cung cip cho cac thiét bi trong
quy trinh san xuét BC (don vi: MJ)
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A Hinh 9. Miic nding lugng trung binh cho 1 mé sdn
xudt BC

Tu Bang 3 cho thiy, tdng ning lugng dugc st dung
cho toan b qua trinh 14 96,65 MJ. Trong do, phin 16n nang
lugng 1a cung cdp cho noi hoi (Hinh 9), véi gia tri trung
binh la 76,93 MJ cho 1 mé. Nang lugng cung cdp cho cac
thiét bi khac 1a khong ddng ké, da phén cic thiét bi khac chi
sti dung ning lugng trung binh dudi 10 MJ.

Néi hoi la thiét bi quan trong d€ cung cip ning lugng
16n cho quy trinh san xudt BC tai m6 hinh thi diém. Cho
quy md cong nghiép, lugng nhiét nay cé thé dugc cung cip



bang lugng nhiét du tai caic nha may san xuat gidy. Nhiét du
cht yéu hinh thanh tit qua trinh xeo gidy va siy gidy [5]. Vi
vy, dé xuit dugc dua ra 1a tich hgp quy trinh san xuit BC
ti bun gidly va hé thong xi ly nudc thai tai nha may gidy.
DPé xuit nay mang lai nhiéu gia tri kinh té. Thd nhét, lugng
nhiét du trong nha may dugc ap dung lam ngudén nhiét
cung cdp nang lugng thay thé ning lugng ctia noi hoi trong
quy trinh san xudt BC. Thu hai, bun gidy khong can van
chuyén dén noi khéac, ma c6 thé truc tiép dan vao quy trinh
san xudt BC. Cudi cung, BC sinh ra ti quy trinh dugc st
dung 1am chét don dé ting cudng chit lugng gidy. Loi ich
thi ba nay la noi dung da dugc nghién ctiu va kiém nghiém
trong muc 3.2.

3.2. Ddc tinh cia gidy dugc ting cudong sau khi phoi
tron thém BC

Bot gidy dugc tron véi BC véi cac ti 1é khac nhau, d6
buc va do nén vong ctia gidy dugc ti€n hanh do. Cackét qua
do dugc thé hién trong Hinh 10.

Do buc ctia gidly tang tuyén tinh khi gifly dugc tron véi
BC véi lugng tang dan. Gidy khong chita BC c6 d6 buc do
dugc la 1,37 kgt/cm?, trong khi d6, gidy chia 20% BC do
buc 1a 2,00 kgf/cm?. D6 nén vong ting khi tang lugng BC
dugc phoi tron ti 0% dén 12% (Hinh 10), dat gid tri cao
nhatla 12,89 kgf/m tai 12% BC. Khi ham lugng BC tang 1én
16 va 20% thi do nén vong giam con 12,75 va 12,23 kgt/m.
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A Hinh 10. B$ buc va do nén vong ciia gidy chiia BC
vdi cdc ti 1é khdc nhau

Két qua chyp hién vi dién tii quét (SEM) cho thiy, gitia
cac sgi cua gidy (Hinh 11a) ton tai cdc khoang tréng. Khi
BC dugc thém vao bot gidy, BC sé dugc phin bo trong
cac khodng trong giiia cac sgi, hodc trén bé mit sgi va két
hop chit ché véi cac sgi bot gidy (Hinh 11b). BC gitp tang
cuong do bam dinh ctia cac soi, ldp day khoang trong trén
gidy va dat dugc hiéu qua cai thién d¢ bén gidy [6], [7].
Diéu nay gidi thich cho su tang d6 buc ctia gidy khi thanh
phéin BC tang lén.
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A Hinh 11. Hinh SEM (a) ctia gid’yicé do phong dai 80
ldn va (b) gidy chita 12% BC c6 d¢ phong dai 160 ldn
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Mit khac, vi sgi BC cé kich thudc micro va nano vé do
dai ngin [8], nén gidy chiia ham lugng BC 16n hon 12% sé
¢6 cic lién két ngang yéu hon, dan dén d6 nén vong giam.

Tt két qua ctia cac thi nghiém trén da chiing minh rang,
BC dugc thém vao gidy da gép phin lam ting cuong dic
tinh ctia gidy, thé hién qua su tang do buc va d6 nén vong.

4. KET LUAN

Trong nghién ctiu nay, qua trinh san xuat BC tu
bun gidy v&i ning suit 100kg/mé bun gidy uét da dugc
tién hanh thanh cong. Mot mé san xuit quy mo pilot sé
thu dugc khéi lugng BC uét (d6 dm ~ 96%) la 132,3kg.
Nang lugng cin thiét cho san xuidt mdt mé BC la 96,65
MJ. Xem xét cac két qua va tich hgp quy trinh san xuét
BC tii buin gidy trong hé thong xt ly nudc thai tai nha
may gidy (du kién la Nha may gidy Khoi Nguyén, huyén
Chon Thanh, tinh Binh Phudc) kha hiéu qua vé mét xu
ly lugng 16n bun gidy, thu héi lugng bot gidy mat mat
thanh BC. BC dugc thu hoéi nay da dugc kiém nghiém
c6 thé stt dung nhu mot chit don, lam ting cudng chit
lugng gidym

Ldi cadm on: Nghién ciiu ndy dugc tai trg béi B0 TN&MT,
md s6 Dé tai TNMT.2022.05.03.
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