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TOM TAT

Nghién ctru ndy dénh gid dnh hudng cia diéu kién xi ly nhiét khé dén mét s6
tinh chét co'ly cta gb Qué (Cinnamomum cassia Blume), bao gém dé Gm théng
béng (EMC), hiéu sudt chéng hit nuwdc (WRE), hiéu sudt chéng trirong né (ASE),
dé cirng Brinell (BH), d6 bén uén tinh (MOR) va mé-dun dan héi (MOE). Thi
nghiém duoc bé tri theo phwong phdp ddp trng bé mdt két hop thiét ké cdu
tric cé tém, vdi nhiét dé xi ly 150-200°C va thoi gian 10-20 gid. Két quéd cho
théy xi ly nhiét lam giagm ddng k€ EMC va céi thién dé 6n dinh kich thwdc cua
g6, trong khi cdc tinh ch@t co’ hoc chju uén cé xu hwdng suy gigm khi diéu kién
xt ly tré nén khdc nghiét hon. D cirng Brinell téng & cdc mure xi¥ ly trung gian
nhuwng gidm khi dp dung nhiét dé va théi gian xi ly cao. Théng qua phdn tich
héi quy két hop t6i wu héa da muc tiéu, diéu kién xit ly pht hop dugc xdc dinh
tai 167°C trong 22 gio, vdi cdc gid tri dw dodn: EMC = 8,71%, WRE = 28,0%, ASE
=36,1%, BH = 11,72 N/mm? MOR = 77,18 MPa va MOE = 8,41 GPa, cho théy
sw cdn bdng gitta khd néng én dinh kich thudc va duy tri tinh chdt co hoc. Két
qua nghién ctru cung cdp co sé khoa hoc cho viéc lwa chon ché dé xi ly nhiét
khé thich hop, gép phén néng cao gid tri st dung vé mé réng kha néng trng
dung gb Qué trong sén xudt v@t liéu va cdc sén phdm gb cd yéu cdu én dinh
kich thudrc cao.

ABSTRACT

This study evaluated the effects of dry thermal treatment conditions on selected
physical and mechanical properties of cinnamon wood (Cinnamomum cassia
Blume), including equilibrium moisture content (EMC), water-repellent efficiency
(WRE), anti-swelling efficiency (ASE), Brinell hardness (BH), modulus of rupture
(MOR), and modulus of elasticity (MOE). The experiment was designed using
response surface methodology combined with a central composite design, with
treatment temperatures ranging from 150 to 200°C and treatment durations
from 10 to 20 hours. The results showed that thermal treatment significantly
reduced EMC and improved the dimensional stability of the wood, while bending-
related mechanical properties tended to decrease under more severe treatment
conditions. Brinell hardness increased under moderate treatment levels but
declined at higher temperatures and longer durations. Based on regression
analysis and multi-response optimization, the appropriate treatment condition
was identified at 167°C for 22 h, with predicted values of EMC = 8.71%, WRE =
28.0%, ASE =36.1%, BH=11.72 N/mm? MOR = 77.18 MPa, and MOE = 8.41 GPa,
indicating a balance between improved dimensional stability and retained
mechanical performance. The findings provide a scientific basis for selecting
suitable dry thermal treatment conditions, thereby enhancing the utilization
value of cinnamon wood and expanding its potential applications in the
production of materials and wood products requiring high dimensional stability.

132 TAP CHi KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 5 (2026)


mailto:tangkimhong@hcmuaf.edu.vn
https://doi.org/10.55250/jo.vnuf.15.5.2026.

Ky thuat & Céng nghé

1. DAT VAN DE

Bién tinh nhiét hién dugc xem |a mét trong
nhitng gidi phap hiéu qua nham nang cao chat
lwong gb rirng trong nhe wu diém khong st
dung hda chat doc hai, than thién véi moi
trwdng va phu hop vdi xu hudng phat trién vat
liéu xanh. Nhiéu nghién ciru cho thay xir ly
nhiét c6 thé lam gidm d6 hut dm, cai thién do
6n dinh kich thudc va nang cao d6 bén sinh hoc
clia g6, qua d6 mé rong kha nang ng dung clia
vat liéu trong cong nghiép ché bién gb [1, 2].

G6 Qué (Cinnamomum cassia Blume) |a mot
trong nhitrng loai cdy tréng Idm nghiép cé gia tri
kinh té cao tai Viét Nam, trong d6 gid tri thuwong
mai hién nay cht yéu tip trung & phan vé dung
lam gia vi, dwoc liéu va nguyén liéu san xuat
tinh dau [3-5]. Trong khi d6, phan than gb sau
khai thac van chua dugc st dung twong xing
v@i tiétm nang, chd yéu phuc vu cdc muc dich
théng thudng hodc cac san pham cé gid trij gia
tang thap nhu vat liéu phu tro xay dung hodc
mot s6 d6 thd cdng m§ nghé [6]. Do d6, viec mé
rong rng dung cla ngudn nguyén liéu nay doi
hoi cac giai phap cong nghé nham cai thién do
6n dinh kich thuwdc, giam tinh hat 4m va duy tri
cdc tinh chat co hoc &@ mirc phu hop.

Trong nhitng ndm gan day, nhiéu cong trinh
nghién clru d3a 4p dung cac phuong phap xt ly
nhiét kho va thly nhiét cho nhiéu loai gb nhuw
Western Hemlock, Cryptomeria japonica, Soi,
Ayous, Iroko va D& gai, nham nang cao d6 6n
dinh kich thuéc, giam tinh hat am, cai thién do
bén sinh hoc cua vat liéu [7-11]. Tuy nhién, déi
v@i cdy Qué, phan I&n cac nghién ctu hién nay
van tap trung vao thanh phan héa hoc, hoat
tinh sinh hoc, gia tri dugc liéu va tinh dau cda
vO, la hoac canh, trong khi cac nghién ctru lién
quan dén nang cao gia tri st dung clia phan
than gb con kha han ché, ddc biét a cac nghién
ctru vé bién tinh nhiét phuc vu cdng nghiép ché
bién gb.

Trong sb cac hudng x& ly hién cd, bién tinh
nhiét khé duwgc quan tdm nho kha nang cai
thién d6 6n dinh kich thudc, gidam tinh hat 4m
va nang cao do bén sinh hoc clia gd ma khéng
can st dung héa chéat, phu hop véi dinh hudng
san xuat vat liéu bén virng [12, 13]. D6i véiphan
than g6 Qué sau khai thac vo, day 1a huéng tiép

can ¢ tiém nang nham nang cao gia tri sir dung
cla ngudn nguyén liéu hién con chd yéu dugc
tiéu thu & phan khuc gia tri thap. Néu dugc xt
ly pht hop, phan than gb nay cé thé duoc dinh
huwdng st dung cho cac san pham cé yéu ciu
chat lvgng cao hon, qua d6 gdép phan nang cao
hiéu qua khai thac tong thé cay Qué.

Tuy nhién, thach thirc cia céng nghé bién
tinh nhiét la khi m&c d6 x& ly tang 1én, kha nang
on dinh vat liéu thwong dugc cai thién nhung
mot sb tinh chat co hoc c6 thé suy gidam. Vi vay,
can cé cac nghién clru danh gid toan dién su
thay d6i cha vat liéu sau x& ly, déng thoi xac
dinh ch& do cong nghé phu hop dé dat dugc sy
can bang gilta cai thién tinh 6n dinh kich thudc
va duy tri kha nang chiju lyc cta gb. K&t qua cua
cac nghién ctru nay khéng chi cé y nghia khoa
hoc trong viéc lwa chon thong sé x{r ly, ma con
gbép phan nang cao gid tri gia tang cla phan
than gd Qué sau khai thac.

Xuat phat tir nhitng van dé trén, nghién ctru
nay duoc thue hién nham danh gia anh hudng
cla hai théng sd cong nghé chinh 13 nhiét d6 va
thoi gian x{r ly nhiét khd dén mét s6 tinh chat
co ly quan trong cla gb Qué, bao gom dd dm
thdng bang (EMC), hiéu suat chéng hut nwdc
(WRE), hiéu suat chdng truong nd (ASE), do
cting Brinell (BH), d® bén uén tinh (MOR) va
mo-dun dan héi (MOE). Trong d6, nhdm chi
tiéu EMC, WRE va ASE phan anh kha nang 6n
dinh 4m va 6n dinh kich thwdc cda vat liéu, con
BH, MOR va MOE phan anh mic do duy tri tinh
chat co hoc sau bién tinh. Théng qua phwong
phap dap &ng bé mat, nghién ciu hudng téi
xac dinh vung diéu kién x{& ly phu hop, lam co
s& khoa hoc cho viéc st dung hiéu qua gbé Qué
trong san xuat vat liéu va cac san pham go cé
gia tri gia tang cao hon.

2. PHUONG PHAP NGHIEN cU'U
2.1. Vat liéu

GO xé tir cady Qué (Cinnamomum cassia
Blume) 9 ndm tudi dwoc thu tir rirng trong tai
tinh Lao Cai. Cadc mau dung cho nghién clru
duwoc 1y tir cac thanh gb khéng c6 khuyét tat
va duoc gia cong vai kich thudc 25 x 65 x 500
mm (day x rong x dai). Sau d6 cadc mau gb duoc
sdy trong 10 & nhiét d6 65°C, thoi gian 10 ngay
dé dat d6 am tlr 10% dén 12%. Sau khi sdy, cac
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mau duoc chia thanh 11 nhém thi nghiém va
1 nhém d8i chirng chua x& Iy, mdi nhém gom
5 mau.
2.2. Phwong phap nghién ctru
2.2.1. Phwong phdp ddp trng bé mdt va thiét
ké céu tric c6 tém

Cac thi nghiém dugc thuc hién tai Phong
Thuwe nghiém X ly B3o qudn va S3n xuat Van
nhan tao, Khoa Ldm nghiép, Trwong Pai hoc
Néng LAm TP. H6 Chi Minh. Trong nghién ctru
nay, phuong phap dap rng bé méat (Response
Surface Methodology — RSM) duwoc dp dung két
hop véi thiét ké ciu tric cé tdm (Central
Composite Design — CCD) nham danh gia anh
hwédng cda hai yéu td cdng nghé chinh la nhiét
do xtr Iy (T) va thoi gian xt ly (t) dén céc tinh
chat co ly cha gb Qué. Cac chi tieu duoc xem
xét bao gdbm d6 4m thang bang (EMC), hiéu suat
chéng hat nuwdc (WRE), hiéu suat chéng trwong
n& (ASE), d6 cirng Brinell (BH), d6 bén uén tinh
(MOR) va mé-dun dan héi (MOE).

Ma tran thi nghiém dugc xdy dung theo

thiét k€ CCD vdi téng cong 11 nghiém thirc,
trong d6 cé 3 nghiém thirc 1&p tai tAm nham
udc lwong sai sd thue nghiém, danh gia dé lap
lai cda két qud va nang cao dd tin cay cia mod
hinh hdi quy. Thiét k& thi nghiém duoc xay
dung bang phan mém Minitab (phién ban
21.2). Nhiét do6 x&r ly duoc khao sat trong
khodng 140-210°C, con thai gian x{ ly thay doi
tlr 8—22 gi®r. Cac mirc khdo nghiém cu thé cla
tirng yéu td duwoc trinh bay trong Bang 1.

Qua trinh xt& ly nhiét khdé duwoc thuc hién
trong td sy Memmert UN260, cé kich thudc
budng sdy 640 x 800 x 500 mm, c¢d kha ndng ty
ddng diéu chinh nhiét do trong khoang tir 20—
300°C v&i dd chinh xac +0,5°C. Trong sudt qua
trinh thi nghiém, cac yéu t6 cong nghé ngoai hai
bi€n khao sat chinh (nhiét d6 va thoi gian), bao
gébm toc do gia nhiét, mrc thong gid va diéu
kién moi trudng trong budng x(r ly, dugc gitr 6n
dinh theo cung mét ché d6 van hanh cho tat ca
cac nghiém thic nham han ché sai s6 anh
huwdng dén két qua nghién clru.

Bang 1. Cac muirc nhiét dd va thoi gian xt ly 4p dung dé bién tinh nhiét kho gbé Qué

Cac murc gia tri thwc—ma héa

Cac thong s6 nghién ciru

- 0 1 a
Nhiét dé (T, °C) 140 150 175 200 210
Thoi gian (t, gio) 8 15 20 22

Ghi chu: Cdc gid tri mé héa bao gém: —a la mire diém sao dudi, =1 la mire dwdi, 0 la mire co' sd, 1 1a mirc

trén, va a lad murc diém sao trén.

2.2.2. Xdc dinh cdc chi tiéu co’ ly cia gé Qué
sau xt ly nhiét khé

D& danh gid cac chi tiéu EMC, WRE va ASE,
mau thr dugc gia cong tir cd gd Qué da xir ly
va chua xt ly, véi kich thuwdc 20 x 20 x 23 mm
lan lwot theo chiéu xuyén tadm, tiép tuyén va
doc thd.

Viéc xac dinh WRE va ASE duwoc thuc hién
theo tiéu chuan TCVN 13352:2021 [14]. D6i vdi
xac dinh EMC, mau dugc 6n dinh trong bubdng
diéu hoa khi hAu Memmert HPP260eco & diéu
kién &m twong ddi 65% va nhiét d6 20°C cho
dén khi dat khéi lvgng khong ddi, sau d6 duorc
can dé xac dinh khéi lwgng & dd 4m thing bang
(Meq). MAu gb sau d6 dugc sdy trong tl sdy
Memmert UN260 & 103°C dén khi dat khéi
lwong kho kiét (mo). Gia tri EMC dwgrc tinh theo

Phuong trinh (1), dwa trén tiéu chudn ASTM
D4442-20 [15].

EMC = % x 100% (1)
0

Viéc xac dinh MOR va MOE duoc thuc hién
theo tiéu chuan ASTM D143-23 [16], v&i mau
thlr c6 kich thudc 20 x 20 x 330 mm, s dung
may th{r co hoc Instron 3367.

Viéc xac dinh BH duoc thuc hién theo tiéu
chudn EN 1534:2020 [17], v&i mau thi ¢ kich
thudc 25 x 50 x 50 mm, trén cung hé thiét bi
Instron 3367 v&i dau nén phu hop theo yéu cau
tiéu chuan.

M®&i chi tiéu EMC, WRE, ASE, BH, MOR va
MOE dwoc danh gia véi 5 mau lap lai cho moi
nghiém thirc. Cac gia tri trung binh va do léch
chuan dugc tinh todn dé phan tich cdc dac tinh
co ly clia go.
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3. KET QUA VA THAO LUAN

Céc gia trji d0 am thing bang (EMC), hiéu
suat chéng hut nwdc (WRE), hiéu suat chéng
treong nd (ASE), dd cing Brinell (BH), d6 bén
uén tinh (MOR) va mé-dun dan héi (MOE) cla
mau gd Qué sau xU ly nhiét khé clng véi mau
ddi chirng chuwa x{r ly dugc trinh bay trong Bang
2. K&t qua cho thay diéu kién x& ly nhiét anh
hudng rd rét dén cac tinh chat co ly clia gd Qué.

Trong khoang nhiét d6 140-210°C, gia tri
EMC ctia cdc mau x{ ly déu thap hon mau dai
chirng (12,05%). Gia tri thdp nhat duwoc ghi
nhan tai NT1 (200°C, 20 gi¢) dat 8,08%, tuong
&ng gidm 32,9% so v&i ddi chirng, trong khi gia
tri cao nhat trong nhém x&r ly 13 10,13% tai NT6
(140°C, 15 gio), van gidm 15,9%. K&t qua nay
cho thay x{r ly nhiét ¢ tac dung rd rét trong viéc
giam kha nang hut 4m cla gd. Twong (ng vdi xu
hudng d6, WRE tang theo mirc do x& ly nhiét,
dao dong tir 3,86% (NT6) dén 34,61% (NT1).
Gia tri ASE ciing ting dang ké, dat cao nhat
46,50% tai NT1 va thdp nhat 7,98% tai NT6,
phan anh sy cai thién rd rét vé kha nang 6n dinh

kich thudc clia vat liéu sau x ly.

DaGi vai tinh chat co hoc, dd cirng Brinell bién
dong tuy theo mire d6 x& ly. Gid tri BH cao nhat
dat 13,44 N/mm? tai NT6, tang nhe 0,8% so v0i
mau d6i chirtng (13,33 N/mm?), trong khi gidm
xuéng con 9,56 N/mm? tai NT5, tuwong ng
giam 28,3%. K&t qua cho thay gid tri BH nhin
chung cé xu hudng gidm sau xt Iy nhiét. & mot
s6 didu kién xt ly nhe, gid tri BH van dwoc duy
tri gan twong duong so véi mau déi chirng hodc
chi tdng khéng dang ké; tuy nhién, chi tiéu nay
gidm rd rét khi diéu kién x& ly tré nén khic
nghiét hon.

Cac chi tiéu chiu uén gdbm MOR va MOE nhin
chung cé xu hudng giam sau x& ly nhiét. Tuy
nhién, tai cdc nghiém thirc x& ly trung binh,
murc suy giam con twong ddi thap. Cu thé, MOR
cao nhat dat 99,12 MPa tai NT6, giam 5,2% so
v@i d6i chirng (104,57 MPa), trong khi MOE cao
nhat cling ghi nhan tai NT6 véi 9,45 GPa, gidam
3,4% so v&i d6i chirng (9,78 GPa). Nguoc lai, &
cac diéu kién x& ly nghiém ngat hon nhu NT1
va NT5, cd MOR va MOE déu gidm manh.

Bang 2. Gia tri EMC, WRE, ASE, BH, MOR va MOE clia cdc mau go Qué tai cac nghiém thirc thye hién

Nghiém thirc T : EVe o po o~ e Ga
O (o) (%) (%) (6 (N/mm?)  (MPa)  (GPa)
i a0 0 B0B MEL 465 1008 desi 708
NT2 200 10 iﬁ:i’g Siz ii’:g: i(l);; Ggil i71',5355
S R R Ay
NT4 150 10 196,7123 151'?335 196,2658 igﬁ iigé 196,3955
e w s Y me e aw wn o
NT6 140 15 igéz 13(3?968 J_,71':C)588 i:gi ii;g 196?554
T s B o s s s as s
NT8 175 8 igéii J_,82',2154 2:33 1102,’655 21:22 196,1359
NT9 175 15 f(;f‘lss SZ? iigi E;i igﬁi i8(3,6624
NT10 175 15 féfg iijgﬁ ﬂg; ié:gg igéz t86,5252
NT11 175 15 186?251 S;Z «gﬁ ié;; ig;g? i86'5389
o6iching - ] 12,05 ] ] 13,33 104,57 9,78
10,11 £0,98 £2,51 £0,48
Ghi chu: Cdc gid tri sau ddu + biéu thi d6 léch chudn.
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3.1. Anh huéng ctia nhiét d6 va thei gian xir Iy
dén EMC clia gb Qué

Anh hudng cla nhiét d6 (T) va thoi gian xu
ly (t) dén d6 4m thing bang (EMC) clia gd Qué
duoc thé hién & Hinh 1 va Hinh 2. K&t qua tir
biéu d6 Pareto cho thay ca hai yéu t6 déu anh
huwéng c6 y nghia dén EMC, trong d6 nhiét do
tac déng manh hon thoi gian x&r ly. Cac thanh
phan bac hai (AA, BB) ciing cd y nghia thong ké,
trong khi twong tac gilta hai yéu t6 (AB) khdng
dang ké.

Bé mat ddp rng cho thdy EMC cé xu hudng
giam khi nhiét d6 va thoi gian x&r ly tang. Gia tri

Term 2,571
: Factor Name
A A Temp (°C)
B Time (h)
B
AA
BB
AB J
01 2 3 45 6 7 8

Standardized Effect

Hinh 1. Biéu d6 Pareto cho EMC

3.2. Anh huéng cGia nhiét dé va thei gian xir ly
dén WRE va ASE cta gb Qué

Mirc d6 anh hudng cla nhiét do (T) va thoi
gian x{r ly (t) dén hiéu suat chéng hat nuwdc
(WRE) va hiéu suat chéng truong nd (ASE)
duwoc trinh bay & cdc Hinh 3-6. Két qua phan
tich Pareto cho thdy ca hai yéu t6 céng nghé
déu tidc déng cé y nghia dén hai chi tiéu nay,
trong d6 thoi gian x& ly thé hién anh hudng
manh hon nhiét d6. Ngoai ra, thanh phan bac
hai cta thoi gian (BB) va twong tac gilta nhiét
dd vai thoi gian (AB) cling ¢ vai tro dang ké,
cho thay dap (ng cla vat liéu thay déi theo
huwdng phi tuyén khi tang mirc do x& ly.

Cac d6 thi bé mat dap ng cho thdy WRE va

EMC thap nhat xuat hién & vung nhiét dé cao
két hop vai thoi gian x& ly dai, phu hop véi s6
lieu thuc nghiém trong Bang 2.

Sy suy gidm EMC sau x& ly nhiét ch( yéu do
sy giam s6 lwong nhdm hydroxyl hat 4m trong
thanh t& bao gb, 1am han ché kha ndng hap phu
hoi nwdc. Bén canh d9, sw bién déi cau truc cla
hemicellulose, cellulose va lignin dudi tac dong
cta nhiét cling gép phan lam gidm tinh hat 4m
cla vat liéu. Xu hudng tuong ty d3 duoc ghi
nhan trong cac nghién clru trwdc day [2, 9, 13,
18-21].

0,11

0,10
EMC (%)

009 \_ ,
20

0,08 15
- . Time (h)
L R 10
200

Temp (°C)

Hinh 2. D6 thi biéu hién sy anh hwéng
cla nhiét d6 va thei gian xir ly dén EMC

ASE cung gia tang theo chiéu tdng cha nhiét d6
va thoi gian, dac biét r6 khi thoi gian xi ly kéo
dai két hgp va&i vung nhiét do cao. Diéu nay cho
thdy mirc d6 x{& ly cang 1&n thi kha ndng han
ché& hut nwéce va 6n dinh kich thwdc clia gd Qué
cang duoc cai thién.

Nguyén nhan chd yéu 13 do qua trinh x& ly
nhiét lam suy gidm mét phan hemicellulose va
giam so lugng nhém hydroxyl tu do trong
thanh té bao, tir d6 han ché kha nang lién két
V@i nudc. Dong thoi, xr Iy nhiét gdép phan én
dinh cau trdc thanh té& bao, tir dé han ché sy
trwong n& clia gb khi ti€p xtc véi nuéce. Két qua
nay phu hgp véi xu huéng da duoc cong bé
trong cac nghién cttu trwdc day [2, 8, 13, 21].
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Term

::ﬁ

o 2 4 6 8 10 12
Standardized Effect

Hinh 3. Biéu d6 Pareto cho WRE

A Temp (°C)

Factor Name
‘ B Time (h)

0,45 J‘
|

WRE (%) 030 |

0,15 ‘ S

} 720
000 | 7= A5
140

Time (h)

160 180

Temp (°C)
Hinh 5. D6 thi biéu hién sy anh huwéng
cua nhiét do va thdi gian xi ly dén WRE

200

3.3. Anh huéng clia nhiét dd va thai gian xir ly
dén BH clia gb Qué

Anh hudng cla nhiét d6 (T) va thoi gian xt
ly (t) d&n d6 ctrng Brinell (BH) ctia gd Qué duwoc
thé hién & Hinh 7 va Hinh 8. K&t qua phan tich
Pareto cho thay ca hai yéu t6 déu cé anh hudng
c6 y nghia théng ké dén BH, trong d6 nhiét do
la y&u t& chi phdi manh hon thoi gian x ly. Cac
thanh phan bac hai va tuong tac gitra hai yéu té
khong dang ké.

Bé mat dap &ng cho thdy BH c6 xu hudng
gidm dan khinhiét do va thoi gian x& ly tang. So
v&i mau déi chirng, chi ghi nhan mot nghiém
thirc c6 gia tri BH tang nhe, trong khi phan 1&n
cac nghiém thirc con lai déu cho thdy dé cing

Term

2,57
: Factor Name
A A Temp (°C)
B Time (h)

B
AA
BB
AB

0 5 10 15 20 25
Standardized Effect

Hinh 7. Biéu d6 Pareto cho BH
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Term 2,57

A Temp (°C)

Factor Name
‘ B Time (h)

BB

AB

AA
o 2 : 4 6 8 10 12
Standardized Effect

Hinh 4. Biéu d6 Pareto cho ASE

06 -
ASE (%) 04 ‘

e ‘ 20
00 4 7~ 15

Time (h)
140

160

180
Temp (°C)

Hinh 6. D6 thij biéu hién sy anh huéng
cla nhiét d6 va thi gian xir ly dén ASE

200

giam, ddc biét & cac diéu kién x{ ly khac nghiét
hon. Xu huéng nay phu hop vdi sé liéu thuc
nghiém trong Bang 2.

Su thay d6i BH c6 thé lién quan dén bién doi
cau truc thanh té& bao gb trong qua trinh xtr ly
nhiét. & mdre x& Iy nhe, sy giam d6 dm va tai
s3p x&p cau tric vi mod co thé gitp duy tri do6
clrng & mic cao hodc cao hon mau d6i chirng.
Nguoc lai, khi nhiét dd cao hoac thoi gian xtr ly
kéo dai, su phan hdy mot phan hemicellulose
va bién d6i cellulose ¢ thé lam gidm kha ndng
chong bién dang bé mat cua vat liéu. Xu huwdng
tuong ty cling da duwoc ghi nhan trong cac
nghién ctru trudc day [2, 22, 23].

14
\
BH (N/mm?®) 12 ‘

20

10 ‘
: : ) 5 Time (h)
140 460

180
Temp (°C)

260'
Hinh 8. D6 thi bi€u hién sw anh huéng ctia nhiét do

va thoi gian x(r ly dén BH
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3.4. Anh huéng ctia nhiét d6 va thei gian xir Iy
dén MOR va MOE cutia gb Qué

Anh hudng cla nhiét d6 (T) va thoi gian xu
ly (t) dén dd bén udn tinh (MOR) va md-dun
dan hodi (MOE) ctia gb Qué duoc thé hién & cac
Hinh 9-12. K&t qua phan tich Pareto cho thay
ca hai yéu td déu anh hudng cd y nghia théng
ké dé€n MOR va MOE, trong dé nhiét dé 13 yéu
td chi phdi manh hon thoi gian x& ly. Thanh
phan bac hai cta nhiét d6 (AA) ciing c6 anh
hudng dang ké, trong khi twong tac gitra hai
yéu td va thanh phan bac hai cla thoi gian it tac
dong hon.

Céc d6 thi bé mat dap &ng cho thdy MOR va
MOE déu cé xu hudng giam khi nhiét do va thoi

Term 2,57

Factor Name
A A Temp (°C)
B Time (h)

AA

AB

BB

0 2 4 6 8 10 12 14
Standardized Effect

Hinh 9. Biéu d6 Pareto cho MOR

100 ‘

s0 |
MOR (MPa) \
60

40 J © 20
‘ Sl o

160 10

180 200
Temp (°C)

Hinh 11. D6 thj biéu hién sy anh huwéng
cla nhiét d6 va thoi gian x{r ly dén MOR

3.5. Phan tich héi quy va mirc dé phu hgp ctia
mo hinh

Mtrc d6 phu hop gilta cdc mé hinh hoi quy
va s6 liéu thuc nghiém duoc xem xét théng qua
hé sd xac dinh R?, dai dién cho ty |& bién thién
cla dit liéu dau ra dwoc md hinh gidi thich. Két
qua phan tich cho thay céc gia tri R? dat 95,24%
déi v&i EMC, 98,35% ddi vdi WRE, 98,02% ddi
véi ASE, 99,32% ddéi vai BH, 97,76% déi vadi

Time (h)

gian xt ly tang. Gia tri cao hon duoc duy tri &
vung xr ly nhe, trong khi tai nhiét d6 cao va thoi
gian x ly 1au hon, ca hai chi tiéu giam rd rét.
Két qud nay phu hop vdi s6 liéu thuc nghiém
trong Bang 2.

Su suy giam MOR va MOE cha yéu lién quan
dén sy phan hidy mot phan hemicellulose va
bién d6i cau tric cellulose dudi tac ddng cua
nhiét, lam giam kha nang lién két trong thanh
té& bao va kha ndng chiju tai cda vat liéu. Do d4,
khi mirc @ x& ly tdng 1én, dd bén uén tinh va
mo-dun dan hoi clia gb cé xu hudng gidm. Xu
huwdng twong tw cling da dugc ghi nhan trong
cac nghién clru trwdc day [2, 7, 24, 25].

Term 2,57

Factor Name
A A Temp (°C)
B Time (h)

0 5 10 15 20
Standardized Effect

Hinh 10. Biéu d6 Pareto cho MOE

1
MOE (GPa) J
w‘ < 20

15 Time (h)

o N ® ©

140 :
160 10
180 200

Temp (°C)

Hinh 12. D6 thi biéu hién s anh hwéng
cha nhiét d6 va thoi gian x(r ly dén MOE

MOR va 99,00% d6i véi MOE. Cac gia tri nay
chirng td mé hinh héi quy cé kha ning mé ta
tot mdi quan hé gitra cac thong sé x{r ly va cac
tinh chat co ly cla gd Qué, trong khi phan sai
l&ch con lai la twong déi nhé.

Trén co s& loai bd cac hé sé khdng cé y nghia
théng ké, cac phuong trinh héi quy cudi cung
duwoc thiét 1ap nham biéu dién anh huéng cla
nhiét do x& ly (T) va thoi gian x& ly (t) dén tirng
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chi tiéu co ly twong &ng. Cac phuwong trinh nay
duwoc sir dung lam co s& cho viéc phéan tich xu
huwdng bién thién, xay dwng d6 thi dap &ng va

thue hién t6i wu héa trong cic phan tiép theo
(Phuong trinh 2-7).

EMC (%)=0,3125-0,001919T-0,00437t+0,000005T2+0,000118t> (2)
WRE (%)=0,384-0,00079T-0,0745t-+0,00155t2-+0,000249Tt (3)
ASE (%)=0,782-0,00267T-0,1128t+0,001925t2+0,00043Tt (4)
BH (N/mm?)=22,196-0,05344T-0,0775t (5)
MOR (MPa)=-78,2+2,236T+5,34t-0,00686T2-0,0392Tt (6)
MOE (GPa)=1,91+0,1252T-0,06162t-0,000468T2 (7)

3.6. T6i wu héa da muc tiéu theo ham dd mong
muén

K&t qua tdi wvu hda da muc tiéu cho thay to
hop théng s& x&r ly nhiét khé gdbm nhiét d6
167°C va thoi gian 22 gio dat gia tri d6 mong
muén téng hop D = 0,6671 (Hinh 13). & diéu
kién t&i wu nay, cac gia tri dy dodn cla céc chi
tiéu co ly lan luvot 13 MOE = 8,41 GPa, MOR =
77,18 MPa, BH = 11,72 N/mm?, ASE = 36,1%,

Optimal Temp (°c) Time (h)
i High 210,0 22,0
BE Qe Cur [166,8687] [22.0]1
Low 140.0 8,0
MOE (GPa it I e S
Maximmum
y= 84143
d = 0,63009
MOR (MPa e I B, Y
Maximum
y = 77,1792
d= 063174
BH(N/mm | N | T
Maximum
y = 11,7222
d = 0,55727

WRE = 28,0%, trong khi EMC gidm xuéng con
8,71%.

T6 hop thong s6 nay cho thay sy can bing
hop ly gitta viéc nang cao tinh 6n dinh kich
thudc, giam kha ndng hat am va duy tri cac tinh
chat co hoc clia gd Qué & mirc phu hop cho cac
ng dung k{ thuat. K&t qua nghién ctru 13 co s&
khoa hoc dé dé xuat quy trinh bién tinh nhiét
kho trong san xuét.

ASE (%)
Maximum
v = 10,3610

d = 0,72996

WRE (%&)
Maximum
w = 10,2800

d = 0,78500

EMC (%6}
Minimum

y = 0,0871 N - —
d = 0,69309 k

Hinh 13. M3t cit cha bé mit dap &ng tai diém t6i wu cho EMC, WRE, ASE, BH, MOR va MOE
clia bién tinh nhiét kho gé Qué

4. KET LUAN

X ly nhiét khé cé anh hudng rd rét dén céc
tinh chat co Iy cha gé Qué theo hudng lam
giam d6 4m thang bang va cai thién do 6n dinh
kich thuéc, trong khi cac tinh chat co hoc chiu
uén cé xu hudng suy giam khi mdc dé x&r ly
tang. K&t qua tdi wu hoa da muc tiéu xac dinh
diéu kién xtr ly thich hgp & 167°C trong 22 gio.
Tai diéu kién nay, cac gia tri du doan dat EMC
= 8,71%, WRE = 28,0%, ASE = 36,1%, BH =
11,72 N/mm?, MOR = 77,18 MPa va MOE =

8,41 GPa. Day la co s& khoa hoc quan trong dé
lwa chon ch& dd xt Iy nhiét khé phu hgp, nham
nang cao kha ndng chdng 4m, tang d6 6n dinh
kich thudc va gia ting gid tri sl dung cla gb
Qué, déng thoi md réng tiém nang ng dung
trong san xuat vat liéu va cac sdn pham go yéu
cau dd 6n dinh kich thudc cao.
TAI LIEU THAM KHAO

[1]. Acosta-Acosta R., Montoya-Arango J. A. & Joma-
da-Silva E. (2021). Technologies Applied to Wood Heat

Treatments, a Review. Scientia et Technica. 26(2): 127-
136. DOI: 10.22517/23447214.22641.

TAP CHI KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 5 (2026) 139



Ky thudt & Céng nghé

[2]. Jancikova V. & Jablonsky M. (2025). Thermal
Modification of Wood—A Review. Sustainable Chemistry.
6(3): 19. DOI: 10.3390/suschem6030019.

[3]. Thd twdng Chinh pha (2023). Quyét dinh s6
316/Qb-TTg ngay 29/3/2023 vé viéc phé duyét Quy
hoach tinh Lao Cai thoi ky 2021 - 2030, tAm nhin dén ndm
2050.

[4]. Uy ban Nhan dan tinh Lao Cai (2023). Bdo cdo
téng hop Quy hoach tinh Lao Cai thoi ky 2021 - 2030, tAm
nhin d&n n3m 2050.

[5]. B& Nong nghiép va Phat trién ndng thon (2024).
Quyét dinh s6 816/QP-BNN-KL ngay 20/3/2024 céng bd
hién trang rirng toan qudc ndm 2023.

[6]. Pham Van Chuwong (2020). Nghién ctru cong
nghé bién tinh va bdo quan gb rirng tréng nang cao do
bén co hoc, d6 6n dinh kich thudc cha gb dap tng yéu
ciu nguyén liéu sdn xudt d6 méc, van san chat luong
cao. Bao cdo két qua Dé tai cAp BA Néng nghiép va Phat
trién ndng thén.

[7]. Nakagawa T., Poulin E., Rueppel T., Chen Z,
Swinea J., O’Brien M., Houser G., Wood G., Weinheimer
M., Bahmani P., Stynoski P. & Salviato M. (2024). Effects
of thermal modification on the flexure properties,
fracture energy, and hardness of western hemlock.
Wood Science and Technology. 58(1): 109-133. DOI:
10.1007/s00226-023-01511-4.

[8]. Esteves B., Nunes L., Lopes R. & Cruz-Lopes L.
(2025). Enhanced Properties of Cryptomeria japonica
(Thunb ex Lf) D. Don from the Azores Through Heat-
Treatment. Forests. 16(1): 166. DOI: 10.3390/f16010166.

[9]. Laskowska A., Ktosinska T., & Skirko D. (2025).
Equilibrium moisture content of hydrothermally and
thermo-mechanically modified oak wood. Annals of
Warsaw University of Life Sciences-SGGW. Forestry and
Wood Technology. 130: 16-25.

DOI: 10.5604/01.3001.0055.4347.

[10]. Tomak E. D. & Ermeydan M. A. (2025).
Measuring dimensional stability of thermally modified
ayous and iroko wood: Comparison of the three test
methods. Cellulose. 32: 2581-2597.

DOI: 10.1007/s10570-025-06404-2.

[11]. Vidholdova Z., Dudiak M., Slabejova G. and
Vybohova E. (2026). Hydrothermal Modification of Beech
Wood. In Wood Science and Processing Engineering
[Working Title]. IntechOpen.

DOI: 10.5772/intechopen.1015232.

[12]. Hill C. A. S. (2006). Wood Modification:
Chemical, Thermal and Other Processes. Wiley,
Chichester.

[13]. Esteves B. & Pereira H. (2009). Wood
modification by heat treatment: A review. BioResources.
4(1): 370-404.

[14]. TCVN (2021). TCVN 13352-2021: G& bién tinh —
Phuong phap thir co ly.

[15]. ASTM International (2020). ASTM D4442-20:
Standard Test Methods for Direct Moisture Content
Measurement of Wood and Wood-Based Materials.
ASTM International, Pennsylvania.

[16]. ASTM International (2023). ASTM D143-23:
Standard Test Methods for Small Clear Specimens of
Timber. ASTM International, Pennsylvania.

[17]. European Committee for Standardization
(2020). EN 1534:2020 Wood flooring and parquet -
Determination of resistance to indentation - Test
method. European Committee for Standardization,
Brussels.

[18]. Tjeerdsma B. F. & Militz H. (2005). Chemical
changes in hydrothermal treated wood: FTIR analysis of
combined hydrothermal and dry heat-treated wood.
European Journal of Wood and Wood Products. 63: 102-
111. DOI: 10.1007/s00107-004-0532-8.

[19]. Bhuiyan T. & Hirai N. (2005). Study of crystalline
behaviour of heat-treated wood cellulose during
treatments in water. Journal of Wood Science. 51: 42-47.
DOI: 10.1007/s10086-003-0615-x.

[20]. Boonstra M. J. & Tjeerdsma B. (2006). Chemical
analysis of heat treated softwoods. European Journal of
Wood and Wood Products. 64: 204-211.

DOI: 10.1007/s00107-005-0078-4.

[21]. Tang Thi Kim Hong & Nguyen Nhat Quang
(2025). Optimization of natural oleoresin and waste
cooking oil heat treatment conditions for rubberwood
using response surface methodology. Journal of the
Indian Academy of Wood Science. 22(1): 243-252.

DOI: 10.1007/s13196-025-00378-1.

[22]. Sosins G., Grinins J., Brazdausks P. & Zicans J.
(2024). Aspen wood characteristics following thermal
modification in closed process under pressure in
nitrogen. Materials. 17(23): 5930.

DOI: 10.3390/ma17235930.

[23]. Adamcik L., Giudice V. L., Todaro L., Dudiak M. &
Kminiak R. (2025). Surface roughness of thermally
modified and unmodified selected wood species after
sanding. European Journal of Wood and Wood Products.
83:105. DOI: 10.1007/s00107-025-02260-w.

[24]. Nhacila F, Sitoe E., Uetimane E., Manhica A., Egas
A. & Mottonen V. (2020). Effects of thermal modification
on physical and mechanical properties of Mozambican
Brachystegia spiciformis and Julbernardia globiflora
wood. European Journal of Wood and Wood Products.
78: 871-878. DOI: 10.1007/s00107-020-01576-z.

[25]. Donkor Marfo E. (2022). Evaluating the effect of
thermal treatment on some mechanical properties of
two lesser used wood species grown in Ghana. Journal of
Materials Science Research and Reviews. 5(3): 360-365.

140 TAP CHi KHOA HQC VA CONG NGHE LAM NGHIEP TAP 15, SO 5 (2026)



