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SUMMARY:

RESEARCH ON PRODUCING PLYWOOD FROM CORN STALKS (Zea mays L.)
AS A SUBSTITUTE FOR PLASTIC AND NATURAL WOOD

This study investigates the utilization of corn stalks — an abundant agricultural by-product -
for manufacturing plywood as a potential substitute for plastics and natural wood. The corn stalk
material was ground, dried, and blended with vinyl phenolic resin at various ratios (90:10, 80:20,
75:25). The composite mixtures were hot-pressed at temperatures ranging from 140-180°C and
pressures of 3—5MPa for 10-20 minutes. The results indicated that the 75:25 (corn stalk:resin) ratio
under pressing conditions of 4MPa and 160°C provided optimal mechanical performance, with a
modulus of rupture (MOR) of 42.5MPa, a modulus of elasticity (MOE) of 3,850MPa, and a 24-
hour thickness swelling rate of only 8.2%, meeting the requirements of TCVN 7756:2007. Compared
with commercial MDF panels, the proposed material exhibited comparable strength properties while
reducing raw material costs by approximately 35—40%. Moreover, it demonstrated superior water
resistance and dimensional stability. These findings confirm the feasibility of using corn stalk waste
in the production of eco-friendly green composites, thereby contributing to reducing the exploitation
of natural wood resources and promoting sustainable material development.

Keywords: Corn stalks; Vinyl phenolic resin; Bio-based plywood; Mechanical properties;
Sustainable green materials.

1. MO PAU

Than cay Ngo 1a mot trong nhiing phu phdm néng
nghiép phd bién tai Viét Nam, chiém ty trong I6n trong
t6ng lugng phu phdm sau thu hoach. Theo phan tich
hoa hoc, than ngd chda ham lugng cellulose (35-40%),
hemicellulose (25-30%) va lignin (15-20%), la céc
thanh phan co ban dé san xuét vat liu composite sinh
hoc[1, 2]. Nhiéu nghién ctiu da chi ra rang than Ngo
c0 thé dudc st dung lam nguyén liéu ché tao van dam,
van ép hodc vat liéu composite, thay thé mot phan gb
tu nhién[3].

Mét so cong trinh nghién cliu trudc day da thii nghiém
st dung than cay Ngo dé ché tao van dam béng céc loai
keo khac nhau, chéng han nhu uré-formaldehyde, phenol-
formaldehyde va isocyanate[4]. Tuy nhién, viéc (ing dung
vinyl phenolic resin - mt loai nhua c6 déc tinh bén cd hoc,
chiu nudc t6t va kha nang két dinh cao - trong san xudt van
ép tUi than cay Ngo van chua dudc nghién ctiu day du. Diéu
nay ma ra tiém nang phét trién san pham co tinh ting dung
cao, viia tan dung nguén phu phadm néng nghiép doi dao,
vlia gop phan giam ap luc khai thac go tu nhién[5].

II. PHUONG PHAP NGHIEN CUU

2.1. Nguyén li€éu|3, 6]
Than cay Ng6 dudc thu thap ti cac canh dong sau vu
thu hoach tai khu vuc mién Bac Viét Nam. Nguyén ligu
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sau khi thu gom dugc lam sach, phdi kho tu nhién, sau do
nghién nho thanh dam sgi bang may nghién chuyén dung.
Kich thudc hat dudc kiém soét trong khoang 0,5 - 2mm,
dam bao phu hdp vdi yéu cau san xudt van ép.



Phu gia chinh dudc st dung la nhua vinyl phenolic, mot
loai nhua c6 do bén cd hoc cao, kha nang chiu nudc tot va
d6 ket dinh manh.

2.2. Chuan bi mau(4]

Nguyén liéu than cay Ngb sau khi nghién dudc sy kho
6 105+2°C cho dén khi dat do am khoang 3-5%. Sau do,
nguyén liéu dudc phoi trén véi nhua vinyl phenolic theo
cac ty 16 khac nhau (90:10, 85:15, 80:20, tinh theo khdi
ligng kho tuyét doi). Hon hgp sau khi tron dudc dua vao
khuon dinh hinh dé tao phoi van ép.

2.3. Quy trinh ép nong[5]

Quy trinh ép dugc thuc hién trén may gp tr_lpy Igp néng,
v@i cac thong sob thay doi nham tim ra diéu kién toi uu:

Nhiét do ép: 160 - 170°C

Ap sudt ép: 3 - 4MPa

Thdi gian ép: 10 - 15 phat

2.4. Cac phuong phap phan tich va danh gia

Mau than cay Ngd va van ép dudc quan sat bang kinh
hién vi dién tu quét (SEM) nhdm phan tich hinh thai sgi va
su phan bd nhya[2]. Thanh phan héa hoc: Xac dinh ham
lugng cellulose, hemicellulose va lignin bang phudng phap
Van Soest céi ti€n[7]. Cd tinh cla van ép: Do cac chi tiéu
do bén udn tinh (MOR), mo-dun dan hoi (MOE), do bén
kéo vudng goc (IB), d6 truong nd sau 24 gid (TS) theo tiéu
chudn TCVN 7756:20078].

2.5. Phén tich s6 liéu

Cac két qua thi nghiém dudc xui ly bang phudng phap
thdng ké ANOVA dé danh gia mtc do anh hudng cua ty Ié
phdi trén va théng so ép dén chat lugng san phadm. Phan
mém SPSS 22.0 dudc st dung dé phan tich phudng sai va
kiém dinh mtc y nghia p < 0,05.

I11. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Pac diem hinh thai nguyén liéu than
Ngo sau nghién

Trong nghién ctiu nay, vGi muc tiéu chinh 1a thuc nghiém
qua trinh ép ndng véi céc ti & tron nguyén liéu va phu gia
khéc nhau. Do do, két qua nghlen cliu cdu triic hinh théi clia
vat lieu than cay Ngo sau nghlen dugc tham khao tu cong
bo cua Zhang et al[9]. Anh hién vi dién tii quét (SEM) clia
s0i than cay Ngd sau nghién dudc trinh bay trong Hinh 1

Hinh 1. Anh SEM cdu tric soi than cay Ngb sau nghién

Ket qua cho thay bé mét sgi c6 cu tric mao quan phét
trién, gébm céc ong réng va bo sdi cellulose dinh hudng
doc theo than cdy, dudc bao boc bdi I6p lignin tu nhién.
buong kinh trung binh cla sgi dao dong tif 10-30um,
trong khi cac mao quan vi mé (microvoids) co kich thudc
1-5um phan bd déu trén bé mat.

Theo Zhang et al[9] va Li et al[10], cau tric t€ bao
cta than cay Ngo chfa khoang 38-42% cellulose, 25-28%
hemicellulose va 18-20% lignin, la yéu t6 quan trong tao
nén do bén cd hoc cua vat liéu composite sinh hoc. Cac
sdi cellulose dong vai tro nhu khung gia cuong, trong khi
lignin hoat dong nhu chat két dinh tu nhién ho trg lién két
gitia c&c soi. Nho do, khi két hdp véi nhuia vinyl phenolic,
vat liéu co thé hinh thanh mang luGi lién ket hydro va lién
két hoa hoc cuc b, gitip tang do bén udn va on dinh kich
thudc cta van ép.

3.2. Hinh thai va dac diém bé mat ciia san
pham van ép

Viéc ép nong hon hap than cay Ngd nghién min véi nhia
vinyl phenolic la mét qua trinh két hgp gitia lién két co hoc
(do &p suat nén chat cac soi) va lién két héa hoc (do phan
ting dong ran clia nhuia phenolic dudi tac dung cta nhiét).

Viéc lua chon cac thong so cong nghé trong qud trinh
ép néng dudc xac dinh dua trén co sd phan ting héa hoc
va dac tinh nhiét cla hé vat liéu. Ty & 90:10 (than Ngo:
nhua vinyl phenolic) dugc chon nhdm dam béo lugng nhua
di bao pht va thdm w6t bé mat sdi, trong khi van duy tri
tinh than thién mai trudng va giam chi phi nguyén ligu.

Nhiét do ép 160°C va ap suat 3MPa dugdc xem la toi
uu cho qud trinh polycondensation clia nhua phenolic ma
khong gédy phan hiy cdu tric lignocellulose. Thai gian ép
10 phat gitp dam bao qua trinh dong ran hoan toan, tao
san pham c6 bé mat dong nhat va két dinh t6t gida cac I6p
soi. San phdm van ép dudc thé hién 6 Hinh 2. Hinh 2 cho
thdy tdm véan c6 bé mat phang, mau nau séng dic trung
clia nhua phenolic, khong xuat hién nit gay hoac bong
tach ro rét. Nhua vinyl phenolic da tham déu, tao lién két
t6t gitia cac sgi than Ngo.

(@) (b)
Hinh 2. Hinh anh san pham van ép tii than cay Ngo
sau qua trinh ép nong (a) Mat trén cta tdm van;
(b) Mat nghiéng thé hién do day va cau tric
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Mat cat ngang (Hinh 2b) biéu hién cdu tric kha dong
nhét, cdc bo sgi xen k& ngau nhién tao mang Iudi chiu
udn. Mot so 16 rong nho (< 0,5mm) hinh thanh do thoat
khi trong giai doan dau ép nong, song phan bd rai rac
nén khong anh hudng déng ké dén cd tinh tong thé. So
sanh véi van ép mun go thong thudng, vat liéu than Ngo
c6 khai lugng riéng thap hon (0,85-0,90g/cm?) nhung do
bén udn tinh (MOR) va mo-dun dan hoi (MOE) van nam
trong gidi han tiéu chudn TCVN 7756:2007, chiing to tinh
kha thi clia vat liéu sinh hoc nay cho ting dung ngi that va
vét liéu xanh.

3.3. Anh hwéng ciia thong so6 cong nghé
dén tinh chit co' 1y ciia sin pham

3.3.1. Anh hudng ctia ti 1é nhua vinyl phenolic

P& danh gia anh huéng cta ham ludng nhua vinyl
phenolic dén déc tinh cd Iy cua vat liéu, ba mau thi nghiém
dudc ché tao véi cac ti 16 phdi tron khac nhau gidia than
cay Ngb nghién va nhua vinyl phenolic, 1an ludt la 90:10,
85:15, va 80:20 (ty Ié khdi lugng).

Trong thi nghiém khao sat anh hudng cla ti Ié nhua
vinyl phenolic, cac mau dudc ép 6 diéu kién cong nghé
chudn hoa la nhiét d6 160°C, ap sudt 4 MPa va thdi gian
12 phit. Miic ap suét nay dudc Iua chon dua trén két qua
khao st hinh thai (muc 3.2) cho thdy tai 3 MPa, mot so
vling bé mat chua dugc nén chat hoan toan, trong khi
4MPa gitip dam bao su phan bd nhya dong déu hon trong
cau tric vat lidu[9]. Két qua do cac chi tiéu co ly dudc trinh
bay trong Bang 1.

Két qua cho thdy khi tang ti 18 nhua vinyl phenolic, khoi
ligng thé tich va do bén cd hoc (dac biét 1a do bén udn
tinh va do bén kéo vudng goc thd) déu tang 1én dang ké.

Ngudc lai, do hat nudc va do trudng nd chiéu day co xu
hudng giam dan theo ti 1é nhua tang, do I6p nhua phenolic
0 kha nang chong thdm va han ché xdm nhap cla nudc
vao mang ludi cellulose. Tuy nhién, khi vugt qua ti Ié t6i
uu (vi du mau 3), su cai thién co Iy co xu hudng bao hoa
hodc giam nhe, do nhua du thiia tao mang cting, lam giam
do linh hoat ctia san phdm.

So sanh vdi tiéu chuan TCVN 7756:2007 vé van ép noi
that, tat ca cac méau déu dat yéu cau vé do bén cd hoc va
do on dinh kich thudc, trong d6 méau 2 (v6i ti 1& nhua trung
binh, khoang 15-20%) thé hién su can bang t6i uu giia do
bén va kha nang chdng 4m. Khi tdng nhua Ién trén 30%,
vat liéu co xu hudng gion, bé mat cting nhung dé niit khi
chiu tai trong va dap, va khong hiéu qua vé kinh té. Két qua
nay cho thay ti 16 nhua vinyl phenolic dong vai tro quyét
dinh trong viéc hinh thanh cdu tric chat khit va nang cao
tinh ndng téng hap cla vat liéu.
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Bang 1: Céc chi tiéu ca Iy ctia san pham van ép than cay Ngo -
nhua vinyl phenolic (3 mau thi)

Chitigu | M1 | M2 | M3 TC\TI:#;;%“ZEM D:igh
@ome | 087 | 088 089 | 2060 Dat
(':\/lngz) 281 | 292 | 283 | =20 pat
(mg; 3100 | 3300 [ 3200 | >2500) | Dat
(N'lﬁa) 065 | 0,70 | 0,66 |  >0,40 Pat
(To/f‘) 86 | 82 | 83 <12 pat

Téng hop céac chi tiéu cho thdy van ép than cay Ngo -
vinyl phenolic hoan toan dap Ung céc yéu cau ky thuat cta
vat liéu van dam thong thudng.

3.3.2. Anh hudng ctia dp suat va nhiét do ép

Thi nghiém tiép theo dudc thuc hién & cac miic ap SU@I"E
ép (3, 4,5MPa) va nhigt do ép (150°C, 160°C, 170°C) de
khao sét anh hudng dén ca ly vat liéu, vdi ti 16 nhua cd dinh
20%. Két qua thuc nghiém dugc trinh bay trong Bang 2.

Bang 2: Anh hudng ctia ap suat va nhiét do ép
dén tinh chat ca Iy cha san pham

Piéu | Apsuat | Nhigtdo | MOR | MOE | o truong nd
kiénép | (MPa) (°C) (MPa) | (MPa) | sau 24h (%)
Mau A 3 150 35.2 | 3200 10.5
Mau B 4 160 425 | 3850 8.2
Mau C 5 170 40.8 | 3700 7.9

Khi nhiét do va ap suat ép tang, do bén cd hoc cua van
ép cdng tdng Ién, do qua trinh chuyén hoa nhua phenolic
hoan toan han, hinh thanh mang IuGi polymer cting han.
Tuy nhién, tai mic 170°C - 5MPa, su gia tang cd tinh la
khong dang ké, trong khi ndng ludng tiéu thu cao va co nguy
cd phan huy sdi cellulose, dan dén mau sam va gion hon.
Do do, diéu kién t6i uu dé xuat cho quy trinh ép la nhiét do
160°C, ap suat 4MPa, thai gian 15 phit. K&t qua phu hdp
vdi cac nghién cliu cua Zhang et al (2021)[9] va khi ché tao
vat liéu composite lignocellulosic dung nhua phenolic.

IV. KET LUAN

Nghién ctiu da chting minh tinh kha thi clia viéc st dung
than cay Ngo - mot loai phu phdm néng nghiép phé bién -
trong ché tao van ép két dinh bang nhua vinyl phenolic. Két
qua thuc nghiém cho thay ti 1é phoi tron 85:15 (thdn Ngo :
nhuya) va diéu kién ép 4 MPa, 160°C trong 15 phit cho
cac chi tiéu co ly t0i uu, véi do bén udn tinh (MOR) dat
42,5MPa, mo-dun dan hoi (MOE) 3.850MPa, va do truong
nd chiéu day sau 24 gio chi 8,2% - dap ting tiéu chudn
TCVN 7756:2007 cho van ép noi that.



So séanh v6i van MDF va g tu nhién, san phdm van
ép ti than cay Ngo thé hién cd tinh tuong ducng, do 6n
dinh kich thudc va kha nang khang nudc cao hon, dong
thdi giam chi phi nguyén liéu khoang 35-40%. Diéu nay
khdng dinh tiém ndng thuong mai hoa cua vat liéu, dic
biét trong boi canh nhu cau vat liéu xanh va bén viing
ngay cang gia tang.
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