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SUMMARY

STUDY ON SYNTHESIS OF POLY (ETHYLENE-XENLULOZO) MATERIALS
WITH THE BIODEGRADATION FROM AGRICULTURAL BYPRODUCTS
AND PLASTIC WASTE

This study has come up with a method to treat a large amount of rice straw as agricultural by-products,
reduce environmental pollution caused by burning straws, create new materials, which are of great
significance in environmental protection, and increase the value of agricultural by-products. Along
with the research and application of materials, the process of recovering and recycling used plastic
packaging creates a new type of biodegradable nylon material and provides poly ethylene raw
materials for production. The nano xenlulozo material was characterized by Fourier-transform
infrared spectroscopy (FT-IR), and high resolution — transmission electron microscopy (HR-TEM).
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1. GIOI THIEU

Chat déo la cac vt lieu polymer c6 khéi lugng
phan tir 16n va c6 ngudn géc tir cac hop chit
tong hop, ban téng hop hodc ty nhién, dugc
sap xép theo kiéu lap di lap lai [1], [2]. Nhya
¢ thé dé dang dugc dic thanh bat ky hinh
dang nao bing céch tring hop va xir 1y nong
chay & mot mirc do nhét dinh [3]. Kha niang
thiét ké hoac ché tao cac polymer mang lai cho
nhya tinh linh hoat, véi cac dic tinh doc déo vé
d6 bén, tinh linh hoat, nhe va cach di¢n.

Hon 350 triéu tan nhya dang dwoc san xuat
trén toan thé gii hang nam trong cac @ng dung
khac nhau, bao gom dong goi, xay dung va xay
dung, dét may, san pham tiéu dung, giao thong
van tai, thiét bi dién va dién tir va may méc
cong nghiép [4]. Mac du nhya 13 ngudn tai
nguyén quy gia vé nhiéu mat, nhung sy gia
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tang nhanh chong cua cac san pham nhya trong
vai thap ky qua da dan dén tac dong tiéu cuc
dén moi treong do ty 16 tai ché kém sau Ian sir
dung dau tién. Bat chap van dé rd rang nay,
khéi lwong san xuit nhua du kién s& tiép tuc
tang trong vai thap Ky tai [5]. Hién tai, khoang
70% nhya toan cau duoc coi 14 rac thai. Chi co
khoang 41% chat thai nhya sau tiéu ding dugc
thu hdi bang cach tai ché va dét bang quy trinh
tao ndng luwong, trong khi 40% duogc xu ly tai
c4c bai chon Iip va 19% thai ra dai dwong hoic
trén bo bién [6]. Tinh trang st dung céc bao bi,
dd dung bing nhya van chua dugc kiém soat
dang anh huong nang né va truc tiép 1én doi
séng con ngudi. DA co cac cude tuyén truyén,
van dong nguoi dan han ché sur dung rac thai
nhya. Nhin chung, y thitc cua moi nguoi da
dugc nang cao, nhung do nhitng tién ich cta



bao bi ni-ldng mang lai ma viéc st dung bao bi
ni-long, vat dung bang nhwya van chua dugc
han ché. Vi vay viéc tim kiém phuong phap c6
thé tai st dung ngudn rac thai nhya doi dao
nay, han ché tac nhan gy 6 nhiém moi truong
dang 12 van dé can duoc giai quyét.

Bén canh do, tinh trang ddt rom ra sau mdi
mua thu hoach ciing dang gay ra nhitng anh
huong xau dén moéi truong. Nudc ta 1a mot
nudc ndng nghiép trong d6 lia 1a cdy trong
chinh. Nho nhimg tién bo cia khoa hoc k¥
thuat, san luong lua thu hoach mdi nim ngay
mot ting, cing voi d6 1a ngudn rom ra duoc
tao ra hang nam ciing rat 16n (udc tinh khoang
50 triéu tan/nam). Ngay nay, tdp quan dung
rom ra cho dun néu gan nhu khong con, lugng
rom ra cho trau bo ciing it do co gidi hoa nong
nghiép nong thén. Do d6, nhiéu viing néng dan
chi con biét dét rom ra ngay tai dong, khong
nhitng khong tdn dung dwoc ngudn hitu co ddi
dao ma con gdy 6 nhiém rat ning cho méi
treong xung quanh, lam tang lugng khi nha
kinh, anh hudng truc tiép dén suc khoe ngudi
dan. Theo Vién Nghién ctru Lia gao qubc té
(IRRI), hién mdi ndm Viét Nam dét lang phi
trén 20 triéu tAn rom ra, chiém khoang 60%
[7]. Mot cau hoi dit ra 1a lam thé nao co thé su
dung két hop cac phu phdm tir néng nghiép
nhu rom ra véi cac chit giy 6 nhiém méi
trudng nhu bao bi ni - 16ng dé tao ra cac san
phim moéi ¢6 ich cho cudc séng hang ngay,
khong gy 6 nhiém mdi truong.

Trong nghién ctu nay, vat liéu nhua poly
(ethylene - xenlulozo) dugc tong hop tir phu
pham néng nghiép 1a rom ra va rac thai nhya
VGi cac wu diém ndi bat vé vé kha ning phan
hiy sinh hoc. Két qua chimg minh dugc ring,
nhua polyehylene truyén théng hiu nhu khéng
bi phan hiy, mau vat liéu poly (ethylene -
xenlulozo) téng hop dwoc co6 kha ning phan
huiy sinh hoc vuot troi.

2. THUC NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1. Héa chét, vat ligu

Formic acid HCOOH (= 98%) (China),
Hydrogen peroxideH.O, (> 98%) (China),
Sulfuric acid H2SO4 98% (= 98%) (China),
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Natri hydroxide NaOH China. Rom ra cé
ngudn gdc tir cac nha dan xd Phudc Hoa,
huyén Tuy Phuéec, tinh Binh Dinh. Bao bi ni -
long da qua sir dung dugc thu gom tai truong
Pai hoc Quy Nhon.

2.2. Téng hop vat liéu

2.2.1. Téng hgp nano xenlulozo

Rom ra dugc rira sach véi nude sau d6 xay
nhuyén thanh dang bot min (sgi macro).

Bot rom ra duge hoa vao nudc cét, dun & 100
°C trong 2 gid nham loai bo cac thanh phan
min va mot sd tap chat ban khac bam bén
ngoai. Hon hop duge loc va sy ¢ khoang 70
°C trong 8 gid. Bot rom ra sau qué trinh tién xur
ly dugc khuay hoan luu trong axit fomic 90%
(ti 1& trdw/acid = 1:10) & 100 °C trong 2 gid.
Loc, rira lai mot 1an v6i formic acid tinh khiét,
sau do rira bang nudc cit dun soi dé loai bo
acid con du va say kho. Tiép tuc khudy hoan
luu v6i dung dich PFA (90% HCOOH, 4%
H202, 6% nudc cat) & 80 °C trong 2 gid r6i loc,
rira lai 1an lugt véi formic acid 80% va nuée
cat. San pham sau khi xtr Iy PFA duoc tay
trang voi dung dich NaOH 1M va H,0, ti 18
mau/H,0; 1a 1:1, khudy hoan Iuu ¢ 80 °C trong
1 gid. Loc va rira lai nhiéu 1an véi nudc cét.
Giai doan téy tréng duoc thue hién hai lan.

San pham thu duoc tiép tuc khudy trong dung dich
sulfuric acid 64% & 45 °C trong 30 phiit. Huyén
phu sau khi thay phan dugc rira bang nuéc ct va
ly tim dén pH = 7. San phim cudi cting thu sdy
kho & khoang 80 °C trong 24 gio [8].

2.2.2. Tong hop mang nhwa poly (ethylene -
xenlulozo)

Bi ni - 16ng dugc thu dugc rira, phoi kho va
khir tring bang Hz0,. Tiép tuc cét thanh vun
nho, sau d6 nung chay trong chén st & 340 °C
trong vong 1 gid bang ti nung tao thanh dang
keo polyethylene (PE). PE dugc khudy trén
méy khudy tir gia nhiét & 150 °C cung véi su
bd sung mot lwgng nano xenlulozo. Hon hop
nay khudy trong 1 gid dén khi tao thanh mot
hén hgp dong nhét. Hon hop sau d6 duge dem
di can tao thanh mang poly (ethylene -
xenlulozo).

2.3. Piac trung vat ligu



Cac mau vat liéu sau khi tong hop duoc xac
dinh dac trung lién két cu trdc bang phd hong
ngoai (IR — Shimadzu IR Prestige-21) va hién
vi dién tir truyén qua TEM va hién vi dién tir
truyén qua d phan giai cao HRTEM.

2.4. Kha niing tw phin hiy ciia nhwa poly
(ethylene - xenlulozo)

Vé co ban, ¢ 2 cach tiép can dbi véi cac thi
nghiém phan hay sinh hoc. Cach tha nhat sir
dung méi truong ty nhién phic tap, véi cac
nhém vi khuan hdn hop duoc thiét lap tir cac
chiing vi khuan va hoat tinh rong, ¢ kha ning
moé phong qua trinh phan hay sinh hoc thuc té,
nhu dat hogc bun hoat tinh. Céch tht 2 13 véi
c4c chung vi khuan xéc dinh trong méi truong
téng hop trong d6 thi nghiém c6 thé kiém soat
va lap lai chinh xac, c6 thé so sanh thi nghiém
tir cac phong thi nghiém khac nhau va suy luan
thong tin lién quan dén co ché phan huy sinh
hoc [9].

Tién hanh b tri thi nghiém phan hiy nhya
poly (ethylene- xenlulozo) str dung mdi trudong
ty nhién. Thi nghiém dugc nghién clru trong
mdi trudng hiéu khi va ki khi.

Thi nghiém duogc thuc hién véi cac mau co
kich thudc 5cm x 5¢m véi cac diéu kién khac
nhau nhu sau: (i) diéu kién nhiét do: nhiét do
phong va 60 °C; (ii) diéu kién chiéu sang: trong
budng téi, noi c¢6 anh sang; (iii) diéu kién do
am: noi kho rao, noi am wét va mé hinh thi
nghiém duoc thiét ké twong tu nghién ctu [10].
Thi nghiém dbi ching dugc tién hanh trong
diéu kién hiu khi v6i moét miu nhua
polyethylene thong thuong. Cac miu nhya
dugc tron voi dat duoc 14y tir hd rac ¢ truong
va thoi gian phan hiy dugc nghién clru trong 2
thang.

3. KET QUA VA THAO LUAN

Thanh phan caa rom ra ban dau duoc sir dung
c6 37 - 45% xenlulozo; 12-36%
hemixenlulozo; 15-18% lignin. Sau qué trinh
xir ly, thanh phan phan trim theo khdi lugng
cua hemixenlulozo va lignin giam manh,
nhung van khéng loai bo dugc hoan toan.
Trong giai doan xt ly acid gia nhiét 100 °C
lignin va hemixenlulozo hoa tan manh. Céu
tric cua hemixenlulozo cé phan nhanh va vo
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dinh hinh nén dé dang bi thiy phan trong moi
truong acid, lignin ciing bi hoa tan manh, céc
lien két noi phan tir gitta hemixenlulozo va
lignin bi phéa v& lam ting do x6p cua vat liéu.
Khi xir ly acid thi cac chudi polymer bi thuy
phan va dan dén mot phan xenlulozo ciing bi
hoa tan.

Bdng 1. Khoi lwong mau thé ban dau va khoi

leong san pham nano xenlulozo

Lin Khé} lwong ban Khé% lwong san
dau (gam) pham (gam)
1 5 2,67
2 5 3,14
3 10 6,68
4 10 6,38
5 15 8,76
6 15 9,14

Hiéu suat tong cua toan qua trinh dugc tinh
theo cong thic:

H (%) =

1—7

"2 x100%

?J"lr-
Trong d6: m 1a khéi lugng kho ciia mau sau
thay phéan (g).
m, 1a khéi lugng khd cua mau rom ra ban dau

(9)-

Cé4c miu ban dau va mau sau thuy phan da
duoc siy trong 24 gio:

Il Khéi luong ban dau
I Khéi luong san phdm

Khai luong (g)

M1 M2 M3 M4 M5 Mé
Hinh 2. Luong méu rom ra ban ddu va lwong
san pham

Tir két qua trén Hinh 2 cho théy, khi ting khi
lwong mau rom ra tho ban dau, khdi lwong san
phdm thu duoc sau phan ung ban du ting
nhung sau d6 giam. Khi khdi lugng mau tho
ban dau thap, lugng acid qua du cd thé phan
ng manh véi cac ciu tir c6 mat xenlulozo 1a
lignin va c6 thé ca hemixenlulozo nén khdi



lwong san phim thu dwoc thip. Khi khéi lugng
tang 1én 15 gam, sy thiéu hut acid dé tham gia
phan &ng c6 thé 1a nguyén nhan lam giam hiéu
suit caa phan tng. Vi vay, 10 gam chét tho
ban dau duoc lya chon cho mdi lan tong hop.
Hiéu suit phan ung dat 66,8%, cao hon két qua
cbng trinh nghién curu [8] s dung acid hiéu
suit phan hiy xenlulozo dat 50%.

Trong giai doan tay trang, cAc manh lignin con
lai sau giai doan xu ly acid va c&c nhom mang
mau chwa dwoc tdy trong xenlulozo dwoc loai
bo gan nhu hoan toan, mau cua vat liéu tring
1én rd rét.

Hinh 1. San pham nano xenlulozo
Pé xac dinh kich thudc cua vat liéu, miu nano
xenlulozo dwoc chup anh HR-TEM. Két qua
thé hién & Hinh 3.

Hinh 3. 4Anh HR-TEM cua vt liéu nano
xelulozo

Tu anh HR-TEM di xac dinh kich thudc
nanoxenlulozo khoang 15 nm.

Su c6 mat cua cac loai lién két héa hoc cé
trong rom ra va san pham nano xenlulozo téng
hop duoc dic trung bang phd hdng ngoai FT-
IR, két qua dugc thé hién trén Hinh 4.
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Hinh 4. Phé FT-IR ciia rom ra ban dau va
nano xenlulozo tong hop
Pic tai 1514 cm? va 1635 cm lién quan dén
dao dong cua lién két C-C trong khung vong
thom, pic tai 1242 cm* dic trung dao dong hda
tri cia C-O trong lignin va pic 1722 cm* dic
trung cho dao dong hoa tri ctia cac nhom
cacbonyl C=0 dic trung cua cac este aliphatic
trong lignin va hemixenlulozo [11]. Pic tai 833
cmt va 422 cm? lién quan dén dao dong cua
lignin va hemixenlulozo [12].Céac dinh pic nay
déu bién mat trong phé IR cua nano xenlulozo.
Pdng thoi sy gia ting cuong d6 cua ving 3331
cmt va 2893 cm twong trng véi dao dong hda
tri cuia nhdm OH va lién két C-H trong nhém
CH> dic trung cua phan tu xenlulozo. Sy tang
cuong do pic tai 896 cm™ lién quan dén lién

két B(1-4) giita cic mono glucozo tuwong wng
vé6i su bién dang cua C-H glucozit trong dao
dong caa OH dién hinh cua xenlulozo [13].

Sy loai bé gan nhu hoan toan lignin, thanh
phan v6 dinh hinh anh huong dén tinh chat cua
nano xenlulozo téng hop, da lam cho vat ligu
tinh khiét hon va lam thay ddi cu tric cua
xenlulozo thé hién ¢ su thay doi hinh dang pic
tai 1028 cm? (dao dong C-O-C trong vong
khung pyranose) [14].

Ti 1& phéi tron giita polyethylene va xenlulozo
¢6 anh huéng 16n dén tinh chat vat 1y ciing nhu
kha nang phan hiy cua vat liu. Nhitng nghién
clru sém nhit vé nhya phan huy sinh hoc la
téng hop nhua trén co s¢ polyethylene va 30%
tinh bdt cho ra vat liéu dap ung duge nhu ciu
phan hiy. Bén canh d6, cling c6 nhiing nghién
ctru vé& mang dugc tao thanh tir cac hat LDPE
(Low Density Polyethylene) véi tinh bot khoai



tay véi ty 1€ khac nhau 0; 2.5; 5.0; 7.5; 10.0;
12.5 va 15% trén thiét bi dun thoi. Két qua cho
thdy trén mang véi 15% tinh bot khoai tay co
thé sir dung dé déng géi bao bi [15].

Trén co so d6, thi nghiém tién hanh tao ra 3
mau vat lidu véi ty 1¢ khéi lugng polyethylene
va xenlulozo lan luot 12 9:1; 3:1; 1:1. Dya trén
nghién ciru vé kha ning chiu luc ciing nhu kha
nang bi phan hay, ty 1& phéi tron 3:1 dé téng
hop san pham poly (ethylene - xenlulozo) c6
kha nang phan huy sinh hoc dugc lya chon.
San pham mau duoc trinh bay & Hinh 5.

Hinh 5. Sin phdm nhwa poly (ethylene -
xenlulozo)
Sau thoi gian thyc hién thi nghiém nghién ciru
kha nang phan huy ctia nhya poly (ethylene -

XenIUIOZO) két qua thu dugc nhu Hinh 6.
7 5 i ""“-ém R

Hlnh 6 th/za pOlyetzlen truyen thong (a);
Nhua poly (ethylene - xenlulozo) phén huy
trong diéu kién hiéu khi (b); Nhwa poly
(ethylene - xenlulozo) phdn hiy trong diéu kién
ki khi (c)

Két qua thuc té ching minh rang, nhua
polyethylene truyén théng hiu nhu khong bi
phan hiay, mau vat liéu poly (ethylene -
xenlulozo) téng hop dugc co kha ning phin
hiy sinh hoc vuot trdi. Vat li¢u sau khi thi
nghiém bi bién tinh, trd nén gion, v& bi phan
hiy hon so véi mau ban dau. Co ché phéan hity
polymer nho cac tic nhan sinh hoc dugc cac

nha khoa hoc xdy dung trén 2 giai doan [12].
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Giai doan 1 1a giai doan giam cép phi sinh hoc,
trong giai doan nay, mach phan ti polymer bi
giam cip thanh nhitng doan phén tir c6 trong
luong thap dong thoi tao ra nhitng nhém chic
hoat dong trén bé mat polymer. Qua trinh nay
c6 thé bi tac dong boi anh sang, nhiét do hodc
c6 thé xay ra theo co ché thiy phan hay oxo-
biodegradation. Giai doan 2 1a giai doan giam
cap dudi tic dung cua vi sinh vat, cac polymer
bi giam trong lwong phéan tir dén mot giGi han
nao d6 s& bi cac vi sinh vat (ndm, vi khuén,
tao) ti€u thu cac manh cacbon mach chinh da
giam céap dé tao thanh CO2, H,0 va sinh khbi.
Qua trinh phan Gng x4y ra:

Phan hity sinh hoc hiéu khi:

Copotymer + 02 = €02 + Ha0 + Cognigi + Coinn wnii
Phan huy sinh hoc ki khi:

Coglymer — €02 + CHy + Ha0 + Cogn1g + Coinn wnsi

4. KET LUAN

Pi téng hop dugc nhwa poly (ethylene -
xenlulozo) cé kha nang phan hiy sinh hoc tir
cac ngudn nguyén liéu du thira, lang phi, giy 6
nhiém trong tu nhién. Két qua cua nghién ctru
c¢6 thé dung dé xir Iy dwoc cac tic nhan gy 6
nhiém moi trudng nhu rom ra, bao bi ni - 16ng.
Diéu nay lam thoa min dugc nhu cau s dung
bao bi ni - 16ng clia nguoi dan, dong thoi bao
vé dugc moi truong séng cho nhan loai.
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