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TOM TAT

Nghién citu ndy trinh bay qud trinh thye nghiém va phdn tich déc tinh dan hoi ciia co cdu
mém dang compliant mechanism dwoc ché tao bang vit liéu nhwa PA6 (Polyamide 6) c6 gia cuong
soi thiy tinh (Glass Fiber — GF) véi cdc ty 1é khdc nhau: 0%, 5%, 15%, 20% va 30%. Cdc mdu
diege do mé-men xodn twong vmg voi cdc géc quay tir 0° dén 275° nham khdo sat anh hieong ciia ty
1¢ soi thuy tinh dén kha néng chiu tdi va bién dang dan héi. Két qud cho thay mau PAG6 khong gia
cuong (0%GF, ') ¢6 kha ndng bién dang 16m, mé-men tang dan theo goc quay VOi dac tinh phi tuyen
trong khi mau PA6-5%GF thé hién dé cimg cao hon va kha ndng truyén luc tot hon ¢ ving bién
dang I6n. Si gia cwong bang soi thity tinh gitip ting mé-men cuc dai va dé on dinh co hoc, song
lam giam nhe tinh linh hoat tong thé. Két qud nghién ciru la co s& quan trong cho viéc thiét ké va
16 wu héa co cdu mém bang vit liéu composite nén nhwa, hwéng t6i img dung trong robot mém, co
cau truyén dong linh hoat va cac thiét bi co dién tir ¢6 yéu cau bién dang dan héi lén.

T khoa: Co cdu mém; Bién dang dan hoi; PA6; Soi thiy tinh (GF); Mé-men xodn, Phun
ép nhya; Vat lieu composite.

ABSTRACT

This study presents an experimental investigation and analysis of the elastic behavior of
a compliant mechanism fabricated from PA6 (Polyamide 6) reinforced with glass fibers (GF) at
various contents of 0%, 5%, 15%, 20%, and 30%. The torque response was measured at different
rotation angles ranging from 0° to 275° to evaluate the influence of fiber content on load-bearing
capacity and elastic deformation. The results show that the unreinforced PA6 (0%GF) exhibits high
flexibility with a nonlinear increase in torque as the rotation angle increases, whereas the PA6-
5%GF samples demonstrate higher stiffness and improved torque transmission in large deformation
ranges. Glass fiber reinforcement enhances maximum torque and structural stability but slightly
reduces overall flexibility. These findings provide a valuable basis for designing and optimizing
soft mechanisms made from polymer composite materials, targeting applications in soft robotics,
flexible actuators, and electromechanical systems requiring large elastic deformation.

Keywords: Soft mechanism; Elastic deformation; PA6, Glass fiber (GF),; Torque; Injection
molding; Composite materials.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
)9 TAP CHI CO KHI VIET NAM, S6 335, thang 11 nim 2025
cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

1. TONG QUAN

Co chu mém 1a mot trong nhimg xu
huéng thiét ké tién tién trong linh vuc co khi
hién dai, cho phép ciu truc co hoc ¢ thé bién
dang dan hoi 16n ma van duy tri kha nang diéu
khién chinh xéc chuyén dong. Viéc ché tao cac
co cAu mém bfmg vat liéu polymer hodc vat
liéu composite nén nhya giup dat dugc sy linh
hoat cao, trong luong nhe, va kha nang hép thu
nang luong t6t, tir d6 md rong pham vi tmg
dung trong robot mém, thiét bi y sinh, va cic
hé thdng co cdu thich tng. Trong bdi canh do,
cong nghé phun ép nhya (injection molding)
duoc xem 13 phuong phép tiém ning dé ché tao
hang loat cac co cAu mém va&i do chinh xac va
kha nang tai lap cao.

Mot trong nhitng hudng nghién clru
duoc quan tam hién nay 1a st dung composite
gd-nhua (Wood—Plastic Composites, WPCs)
trong ché tao cac chi tiét hodc co cdu mém.
WPCs la vat liéu composite c6 pha gia cuong
la gS va pha nén 1a nhya nhiét déo hodc nhya
nhiét ran [1, 2, 3]. Trong qua trinh san xuat, cc
hat gb hodc sgi gb (sawdust hoic wood fibers)
thuong 1a san pham phu ciia nganh ché bién
g0 hodc dugc nghién tir cac loai cay khong du
tiéu chudn 1am gd thuong phdm. Cac soi hodc
bot gd nay duoc phdi tron voi polymer nén nhu
polypropylene (PP), polyethylene (PE) hodc
polyvinyl chloride (PVC), kém theo cac chat
phu gia nhu chat twong hop, chat 6n dinh nhiét
va chat don vo co, nham cai thién tinh chit co
1y cia vat liéu va tuong tac gitra hai pha vat liu

[4].

Qua trinh phun ép nhya la mot trong
nhitng phuong phap pho bién dé tao hinh vat
liéu WPC. Trong d6, hon hop nhua va gd duoc
nung chay, nén va ép vao long khuén dudi ap
suit cao, sau do lam nguoi dé tao ra san phém

¢6 hinh dang mong mudn. Phuong phap nay
cho phép san xuét chi tiét co hinh hoc phuc tap,
d6 chinh xac cao va kha ning tai 1ap on dinh
hon so vé&i phuong phap ép nén hodc dun. Tuy
nhién, co ché tuong tac giita cac pha vat liéu
trong qua trinh phun ép, cling nhu dnh hudng
cua thong sé cong nghé dén tinh chat co hoc,
van 1a van dé dang duoc nghién ctru [5, 6].

Mot trong nhirng thach thirc chinh khi
gia cong WPC bang phun ép 1a do nhay nhiét
ciia gb. GO bat dau phan hay nhiét trong dai
nhiét d0 tuong duong vdi nhiét do gia cong cua
hau hét nhya nhiét déo, dan dén hién twong chay
hodc suy giam co tinh ctia san pham néu nhiét
do gia cong qua cao [5] Céc nghién ctru cho
thiy trong qué trinh phdi tron (compoundmg)
va tai ché, su phan huy cta thanh phan gd
c¢6 thé lam giam d¢ bén kéo va do cung cua
composite. Ngoai ra, viéc tai ché nhiéu lan
cling gy ra suy giam do két dinh giira pha gd
va nhya, anh hudng dén tinh chét 1au dai cua
vat liéu [6].

So sanh gita phuong phap dun
(extrusion) va phun ép (injection molding) cho
thdy phun ép mang lai tinh chét co hoc cao hon
nhd ap sudt va tng suat cat 16n hon trong qua
trinh gia cong, gitp phan tan soi gd tot hon
trong nén nhwa va ting cudng tuong tac giita
cac pha vat liéu [7]. Tuy nhién, quy trinh phun
ép WPC chua dugc nghién ctru sau rong trong
tai liéu hién co. Mot sd cong trinh dé cap dén
viéc tao bot (foaming) trong phun ép dé giam
khdi lugng va ting kha ning cich am, cach
nhiét [8, 9]. Cac nghién ctru khéac so sanh tinh
chat giita san phdm duc nén va phun ép, chi
ra sy khac biét vé do bén, do cing va mat do
Kkhuyét tat [10].

Céc nghién ctru gan day cling xem xét

ky thuat phu (overmolding) khi két hop 1op &
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g6 hodc van ép v6i 10p nhua, nham cai thién
kha ning két dinh bé mit va nang cao d6 bén
lién két giira hai vat liéu [11]. Tuy nhién, thach
thirc 16n trong phun ép WPC [a dam bao dong
chay ctia vat liéu trong khuon phirc tap va kiém
soat hién tuong 16 khi, chay bé mit hodc khong
dién day khuon. Nghién ctru [12] di chi ra rang
thiét ké hé théng khuon, céng phun, va nhiét do
khuon dong vai tro rat quan trong; dic biét, can
duy tri nhiét d6 khuon tdi thiéu du cao dé vat
lidu c6 thé dlen day long khuon ma khong gay
nat hodc rd bé mat. Ngoai ra, cong doan sy
kho nguyén lidu trude khi phun ép 1a bat bude
dé tranh bot khi va sai hong trén bé mit san
pham [12]. Tac gia [13] nghién ctru anh hudng
cua nhiét d nong chay dén tinh chat co hoc
cia WPC nén polyethylene (PE) va nhan thiy
khi ting nhiét d6, mo dun dan hdi va do bén
kéo giam nhe do sy phan hiy vi mo cua thanh
phan gd. Piéu nay cho thiy viéc liya chon thong
sO cong nghé thich hop 13 yéu té then chét dé
can bang giita kha nang gia cong va chat luong
co hoc cta san pham. Bén canh d6, nhiéu cong
trinh khac tdp trung vao anh hudng cua thoi
gian luu (residence time) trong Xllanh phun ép
va toc d6 1am nguoi khudn, vi cac yéu to nay
quyet dinh mac d6 phan bd nhiét trong vat liéu,
anh huong dén ciu tric tinh thé cta polymer va
su két dinh gitta pha gd-nhua.

Mic di di c6 nhidu nghién ctru tap trung
vao vat licu WPC, sy anh hudng cua thong )
cong nghé phun ép dén tinh chét co hoc va hinh
thai cta san pham van chwa duoc nghién ctu
day du. Viéc hiéu rd co ché nay khong chi co y
nghia trong san xuit ban dau ma con trong tai
ché phé liéu va tai str dung vat li€u composite.
Do d6, muc tiéu cta cac nghién ctru gan day
la danh gia anh hudng cua nhi¢t 6 nhua nong
chay, nhi¢t do khuon, va thoi gian luu dén cac
dac trung co hoc (nhu do bén kéo, md dun dan
héi) cling nhu dac tinh mau sdc cua vat liéu
WPC, qua d6 t6i wu hoa qué trinh phun ép dé
dat chét luong san pham cao nhat.

Nhin chung, cong nghé phun ép cho
phép tao hinh cac co cdu mém composite nén
nhua vé6i kha ning kiém soat chinh xac hinh
hoc va tinh chat vat liéu, mé ra huong phat trién
mo&i cho cac san pham co khi ¢é tinh linh hoat
cao. Tuy nhién, dé ché tao cac co céu mém hoat
dong 6n dinh va ben viing, can tiép tuc nghién
ctru sau hon vé méi quan hé giita cdu trac vat
liéu, diéu kién cong nghé va co ché bién dang
dan hoi. Viéc két hop cac cong cu md phong
(nhu ANSYS, Moldflow) véi thuc nghiém sé€
gitip hiéu rd hon qua trinh truyén nhiét, phan
bb ap suit va dong chay trong 1ong khuon, tir
d6 tao co s& khoa hoc cho viée t6i wu hoa thiét
ké khuon va quy trinh ché tao co cAu mém bang
phuong phéap phun ép nhya trong tuong lai.

2.COSOLY THUYET

Trong linh vuc k¥ thuat, cac chi tiét
thuong duoc lién két voi nhau bang cac két nbi
truyén théng nhu: khép ban 18, khop sach tién
trinh, khop cau. Cac ché d6 cb dinh han ché cua
céc tran dau nay luon ton tai & mot khoang thoi
gian nén s& gy ra sai sd truyén dong va sai sd
nay thuong co kich thuée 0,01 mm. Ngoai ra,
trong tat ca cac loai truyén thong két ndi phu
hop [udn c6 nang lyc. Luc nay 1a nguyén nhan
lam giam hiéu suét, gdy mai mon céc chi tiét,
lam ting khe ho trong két ndi theo thoi gian,
tir d6 1am giam chat luong hoat dong cua thiét
bi cling nhu chat luong cua san pham. Cac cau
tra i vé V1ec lam truyén thong khong phu hop
v6i cac cau hinh may c6 yéu cau do chinh xac
cao (kich thuge 0,001 mm) hay khong phan doi
diéu kién 1am sach va nhu cau lam viéc trong
chan khong [7].

Mot trong nhiing giai phap giai quyét
van dé nay dé giai quyét phan thuéng cta hé
thong truyen tai phu hop la viée st dung co ché
phuc hdi. Co s& cdu hinh dan hdi/mém ciing
cho phép truyén tai hodc chuyén ddi chuyén
dong, ning luong va thoi diém. Tuy nhién,
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khong giéng hé thong truyén tai cdu hinh co
s0, cau hinh co s& phuc hoi c6 thé thyuc hién it
nhat mot hodc mot vai chuyén dong hé tro cho
dang bién thé ctia cac nhom hoi phuc khong
chi dua vao céc loai sir dung thuong xuyén phu
hop. Mt vi du minh hoa cac cAu hinh co s&
phd bién nhu Hinh 1. M6t dang cau hinh co so
thuong duoc sir dung khi tong hop cau hinh co
s& phu hop v6i bang téng hop. N6 ¢ cau hinh
don gian tir mot khéi dir liéu duoc cat khoét
mot phén va tao ra chuyén dong dua trén do
mém trong vat liéu than may. Chinh vi vdy, nd
giai quyét duoc cac diém yéu cua truyén thong
tran ddu. Do khong phai ché tao tir nhiéu chi
tiét khac nhau nén khép nbi dan hoi khong ton
tai tai cac nhugc diém nhu: ma sat, dn a0, mai
mon, phai boi tron va khe hd. Ngoai ra, né con
tiét kiém dugc khong gian va giam chi phi cua
cac bo phan, vat liéu, 1ap rap va bao tri. Két ndi
khéi cdu hinh ctia két ndi duoc tra 16i wu tién
khi sir dung dé truyén dong c6 do chinh xéac &
mirc micro va dudi micro trong cc tic vu can
dd chinh xac cao hay trong cac thiét bi y sinh
hoc, cac hé théng thong tin dién tur [7].

/08

SN "
N \d %‘-ﬁg .

Hinh 1. Cdc co cdu mém phé bién
3. MO HINH SAN PHAM CO CAU MEM

Mo hinh duoc thiét ké trén phan mém
Creo Parametric, tiép theo duoc thiét ké khuon
¢p phun cho mdé hinh nay, gia cong bd khudén
va lap rap. Sau d6, mé hinh dugc ép phun voi
nhiing vat liéu nhua PA6 va PA6 30%GF véi
nhiing truong hop twong Uing voi nhiing ty 1€

khdi lugng tron gitta hai loai nhya khac nhau,
bao gdm 0%, 5%, 15%, 20%, 30%, cu thé
nhing ty 1 phan trim d4 néu la ty 1¢ kh6i luong
tron cua vat li€u nhua tai sinh.

Hinh 2. Co cdau mém ding trong nghién ciru nay

Hinh 2 m6 ta théng sb hinh hoc ctia mo
hinh co cdu mém dang “Compliant”. Co cau co
hinh déng 1a hinh tron véi duong kinh duong
bao 1a @100x5mm va dugc gia cong bang
phuong phép phun ép nhya véi vat liéu nhya
PA6 va PA6 30%GF dugc tron voi nhau voi ty
1¢ tron nhu di néu & trén. M6 hinh nay c6 tong
cong 4 day co bé day Imm duoc nbi tir hinh
try tron ¢ tam véi duong bao hinh tron & bén
ngoai. Bén diy nay co thé gian dai ra tiy theo
goc X0dn.

(*) Thong s6 phun ép

Theo yéu cau ciia nghién ctru nay, thong
s6 ép phun cia timg loai nhya khong duoc thay
d6i trong timg truong hop trong qué trinh ép
mo hinh. Thong qua sy huéng dan cua gido
vién huéng din va nghién ctru nhitng thong sd
k¥ thuat cua tung loai nhya va da thu nghiém
trén may ép nhua, em dua ra thong sé phun ép
nhya nhu sau:

St dung thong s6 ép nhwa ctia PA6 30%
GF 4p dung cho tat cac truong hop con lai: 0%,
5%, 15%, 20%, 30%.
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Bdng 1. Théng s6 nhia PA6 0%

Filling Filling Packing | Packing | Cooling Melt Filling
TH . . . temperature
time (s) | press (bar) | time(s) | press(bar) | time(s) (% C) speed (%)
50
52
54
1 2 80 1 75 25 250 56
58

4. KET QUA PO BIEN DANG

Qua qua trinh lam thuc nghiém do bién dang dan hoéi cia mé hinh co cdu mém dang
“Compliant” v&i nhiing vat liéu nhya PA6 dugc gia cd thém soi thay tinh twong (mg véi nhiing
truong hop: 0%, 5%, 15%, 20% va 30%, két qua do mo-men cia nhimng truong hop dugc trinh bay
¢ nhitng bang sau, vdi Input 1a gia trl goc do quay trung binh cong cua 3 gia tri dau vao, 3 gia tri
Output 1, 2 va 3 la gia tri m6-men xoan do duoc ciia 3 mau cua ting trudng hop va gia tri Avg. Out

1a gia tri trung binh Output cua 3 mau duge do.

« Truong hop PA6 0%GF:

Bdng 2. Bang théng sé thi nghiém do dwoc ciia truong hop PA6 0%GF

Input (d9) 0 50 75 100 125 150 175 200 | 225 250 | 275
Lan 1 (N.m) 0 0.58 0.68 0.69 0.85 1.51 2.41 3.6 | 5.02 | 647 | 7.31
Lan 2 (N.m) 0 0.79 0.83 0.8 1.01 1.7 2.61 | 385 | 526 | 6.57 | 7.13
Lan 3 (N.m) 0 0.78 0.84 | 0.82 1.12 1.81 2.78 | 4.01 | 5.63 | 6.73 | 7.04
Avg (N.m) 0 0.71 0.78 0.77 0.99 1.67 2.6 3.82 | 53 6.59 | 7.16

. Dir liéu thu duoc cho truong hop PA6
Trubeg bow 1 tinh khiét (0% soi thy tinh) cho thay dac tinh

geof —Trmghop3 \ cua vat liéu c6 do déo va kha ning bién dang
E s dan hoi khé cao. O giai doan déu’, khi goc quay
é ‘ nhé hon 75°, gia tri mo-men xoan tang nhe va
42 gan nhu tuyén tinh theo géc quay, thé hién ving
. dan hoi tuyén tinh cta co ciu. Cu thé, tai 50°
o — goc xoay, mo-men trung binh dat khoang 0,71
T AT T LYY LY N-m, va dén 100°, gi4 tri nay ting 1én 0,99 N-m,

Géc xodn (E)
Hinh 3. Biéu do thé hién dac tinh mé-men ciia
nhitng truong hop PA6 0%GF

cho thay co cdu phan tng 6n dinh khi chiu tai
nho.
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Khi goc quay vuot qua 125°, do doc cua
dudng cong mo-men ting rd rét — biéu hién cua
su tang do cung co hoc do bién dang dan hoi
phi tuyén. Gia tri mé-men trung binh dat 1,67
N-m tai 150° va 2,60 N-m tai 175°, sau d6 ting
manh lén 5,30 N-m tai 225° va 7,16 N-m tai
275°. Pudng cong thé hlen su phi tuyén tang
dan, dac trung cho co cdu mém c6 sy phan bd
g sudt khong dong déu, trong dé vung ¢6 co
ciu chiu nén va kéo manh dan khi goc xoay
tang.

Diém dang cha ¥ 1a sy dong nhat cua
ba lan do, cho thay két qua 6n dinh, sai so thap.
Diéu nay khang dinh qué trinh thi nghiém va

* Truomg hop PA6 5%GF:

vat liéu PA6 thudn co6 kha ning lap lai tot. Tuy
nhién, do khong c6 sgi thuy tinh gia cuong, vat
lidu nay co6 gidi han chiu tai thip hon, mic du
dat dugc bién d6 bién dang 16n. Piéu nay phu
hop véi dic tinh cia PA6 tinh khiét — mém déo,
dan hoi tdt nhung kha ndng chiu mé-men cao bi
han ché.

Hinh 3 cho thay d6 thi md-men theo goc
quay c6 dang cong muot, lién tuc tang, biéu thi
mdi quan hé gan nhu phi tuyén bac hai giita
mo-men va goc quay. Pay 1a dic trung cua co
céu compliant khi chiu bién dang 16n ma khong
pha hity cau trac vat lidu.

Bdng 3. Bang thong sé thi nghiém do dwoc cia trieong hop PA6 5%GF

Input (d9) 0 25 50 75 100 125 150 175 225 250 | 260
Lan 1 (N.m) 0 0.25 0.43 0.5 0.54 | 0.77 1.49 | 252 | 539 7.1 | 0.65
Lan 2 (N.m) 0 0.27 0.45 0.57 0.64 | 0.87 1.50 | 254 | 54 6.69 | 0.68
Lan 3 (N.m) 0 0.28 0.48 0.65 0.87 | 0.89 1.66 | 2.64 | 589 | 6.69 | 0.64
Avg (N.m) 0 0.26 0.45 0.57 0.68 | 0.84 1.55 | 2.56 | 556 | 6.82 | 0.65

nhung giam nhe kha ning bién dang dan hoi.
Trworg rop 1 Dir liéu trong Bang 3 cho thiy & cac goc nhod
. Trvtm nep 3 \ (dudi 75°), mo-men xodn ting cham, gid tri
z, trung binh chi khoang 0,26 N-m tai 25° va 0,57
i, 7 N-m tai 75°, thip hon mot chit so véi PAG 0%
E 3 4 GF ¢ cung goc xoay. Piéu nay phan anh do déq
1 / cua vat li¢u bi gidm, do soi thuy tinh han ché

| P chuyén vi ciia pha polymer nén.

GO nodkn (8]

Hinh 4. Biéu dé thé hién ddc tinh mé-men ciia
nhitng truong hop PA6 5%GF

Khi bo sung 5% soi thay tinh, co tinh
ctia vat liéu thay doi rd rét. Soi thuy tinh hoat
dong nhu céac pha gia cuong, lam ting modun
dan hodi cua vat liéu, gitip co cdu cung hon

Tu 100° tr¢ di, duong cong mod-men
bat dau tang nhanh hon. Tai 150°, mo6-men
trung binh dat 1,55 N-m, twong duong védi PA6
0%GF, cho thay & ving bién dang 16n, tic dung
gia cuong bat dau phat huy 16 rét. Pac biét, tai
225° va 250°, gia tri mo-men trung binh dat
5,56 N'-m va 6,82 N-m, gén tuong duong voi

PA6 0%GF, mic di goc xoay nho hon (trong
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khoang 225-260° so v&i 275° & mau khong gia
cuong). Diéu nay ching to rang viée thém 5%
soi thuy tinh gitp ting kha ning truyén lyc va
on dinh bién dang, trong khi van duy tri tinh
dan hdi tong thé cua co cau.

Tuy nhién, khi goéc vuot qua 250°, gia
tri mo-men giam manh xudng khoang 0,65
N-m, c6 thé do hién tuong trugt hoac tach 16p
vi mé trong ving tiép xuc giita pha polymer va
soi thuy tinh. Day 1a giéi han dan hoi cia vat
lidu trong diéu kién gia cuong thap, khi tng
sudt cuc bd vuot qua kha ning bam dinh giita
hai pha.

Hinh 4 minh hoa rd rang dac tinh phi
tuyén hai giai doan: giai doan dau (0-100°) c6
d6 ddc nho, biéu thi ving dan hoi tuyén tinh, va
giai doan sau (trén 125°) c6 do dbe tang nhanh,
phan 4nh vung ting ctmg do su cing gidn dong
thoi ciia ca pha polymer va pha soi thuy tinh.
Su chuyén pha nay 13 dic trung co hoc cua
composite co gia cuong sgi ngan.

5. KET LUAN

So sanh hai truong hgp PA6 0%GF va
5%GF cho thay anh hudng cta soi thuy tinh
la tang do cung va kha nang chiu tai cia co
céu, trong khi giam nhe do déo tong thé. PA6
thuan cho bién dang 16n va duong cong mé-
men muot, trong khi PA6-5%GF thé hién phan
ung co hoc manh hon & vung goc 16n, véi kha
nang duy tri gia tri mé-men cao trong pham vi
bién dang trung binh.

Két qua thyc nghiém ching minh rang
ty 1¢ soi thuy tinh thap (=5%) 14 t6i wu dé can
bang gitta tinh dan héi va kha ning chiu luc
xodn, phit hop voi yéu cau ciia cic co ciu mém
can vira linh hoat vira bén virng. Xu huéng nay
mo ra huéng thiét ké vat liéu composite (mg

dung trong cac co cau compliant c6 kha ning
tu phuc hoi bién dang va hoat dong bén bi trong
moi truong lam viéc co tai trong thay doi.

(*) Péng gop cua tac gia:

- Hinh thanh y tuong va muc tiéu nghién
ctru: Nguyén Vian Minh, Huynh D6 Song Toan;

- Thyc hién nghién ctru, thu thap dir
liéu, phan tich dir liéu, viét va chinh sira bai
bao: Nguyén Vin Minh, Tran Phuéc Trung,
Huynh D6 Song Toan.

(*) Loi cam on:

Nhoém nghién ctru xin cam on Truong
Dai hoc Su pham K§ thuat Thanh phd H6 Chi
Minh di tao diéu kién va hd trg trong qua trinh
thue hién nghién ctru nay (M s6 dé tai: T2024-
31).%

Ngay nhén bai: 16/10/2025
Ngay phan bién: 30/10/2025

Tai liéu tham khao:

[1]. Bledzki, A. K., & Faruk, O. (2004), “Wood
fiber reinforced polypropylene composites:
Compression and injection molding process”.
Polymer-Plastics Technology and Engineering,
43(3), 871-888, https://doi.org/10.1081/PPT-
120030034.

[2]. Burgstaller, C. (2007), “Processing of thermal
sensitive materials — A case study for wood
plastic composites”. Monatshefte fiir Chemie
— Chemical Monthly, 138(4), 343-346, https://
doi.org/10.1007/s00706-007-0608-5.

[3]. Burgstaller, C., & Renner, K. (2023),
“Recycling of wood-plastic composites —
A reprocessing study”. Macromoleculars,
3(3), 754-765, https://doi.org/10.3390/
macromol3030043.

[4]. Gosselin, R., Rodrigue, D., & Riedl, B.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
k8 TAP CHI CO KHI VIET NAM, S6 335, thang 11 nim 2025

cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

[5].

[6].

[7].

[8].

[9].

(2006a), “Injection molding of postconsumer
wood—plastic composites 1. Morphology”.
Journal of  Thermoplastic =~ Composite
Materials, 19(6), 639-657, https://doi.
org/10.1177/0892705706066535.

Gosselin, R., Rodrigue, D., & Riedl, B.
(2006b), “Injection molding of postconsumer
wood—plastic composites 1l:  Mechanical
properties”.  Journal of Thermoplastic
Composite Materials, 19(6), 659-669, https://
doi.org/10.1177/0892705706066536.
Golmakani, M. E., Wiczenbach, T., Malikan,
M., Aliakbari, R., & Eremeyev, V. A. (2021),
“Investigation of wood flour size, aspect
ratios, and injection molding temperature
on mechanical properties of wood flour/
polyethylene composites”. Materials, 14(12),
3406, https://doi.org/10.3390/mal14123406.
Jafarian Jam, N., & Hossein Behravesh,
A. (2009), “Challenge to the production
of fine wood-plastic injection molded
composites”. Journal of Reinforced Plastics
and Composites, 28(1), 73-82, https://doi.
org/10.1177/0731684408091545.

Kumar, V., Tyagi, L., & Sinha, S. (2011),
“Wood flour—reinforced plastic composites: A
review”. Reviews in Chemical Engineering,
27(6), 253-264,  https://doi.org/10.1515/
revee.2011.008.

Migneault, S., Koubaa, A., Erchiqui, F.,
Chaala, A., Englund, K., & Wolcott, M. P.
(2009), “Effects of processing method and
fiber size on the structure and properties
of wood-plastic composites”. Composites
Part A: Applied Science and Manufacturing,
40(1), 80-85,  https://doi.org/10.1016/j.
compositesa.2008.10.004.

[10].

[11].

[12].

[13].

Mitalova, Z., Mital, D., & Berladir, K.
(2024), “A concise review of the components
and properties of wood—plastic composites”.
Polymers, 16(7), 1556, https://doi.
org/10.3390/polym16071556.

Stadlmann, A., Mautner, A., Pramreiter, M.,
Bismarck, A., & Miiller, U. (2021), “Interfacial
adhesion and mechanical properties of wood—
polymer hybrid composites prepared by
injection molding”. Polymers, 13(17), 2849,
https://doi.org/10.3390/polym13172849.

Xu, K., Du, G., & Wang, S. (2021), “Wood
plastic composites: Their properties and
applications”. In Engineered Wood Products

for Construction (Chap. 12, pp. 197-
221), IntechOpen, https://doi.org/10.5772/
intechopen.95542.

Yadav, S. M., Lubis, M. A. R., & Sihag, K.
(2021), “A comprehensive review on process
and technological aspects of wood—plastic
composites”. Journal of Sylva Lestari,
9(3), 329-356, https://doi.org/10.23960/jsl.
v9i13.329-356.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)

TAP CHI CO KHI VIET NAM, S6 335, thang 11 nam 2025
cokhivietnam.vn

259



