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SUMMARY

THE SURFACE MODIFICATION OF SHORT CARBON FIBERS VIA IN-SITU
POLYMERIZATION FOR APPLICATION IN FABRICATION OF PHENOL-
FORMALDEHYDE-BASED COMPOSITES

In this research, the short carbon fibers with a length below 100 um and a diameter of 7 um were
undergone surface modification through two steps: surface oxidation and followed by in situ polymeization
to form a polymer coating. Then, these fibers were blended with phenol-formaldehyde resin in resol form to
evaluate the mechanical properties of the resulting material. Mechanical properties such as tensile strength,
flexural strength, hardness and impact resistance were determined to compare the properties between
phenol-formaldehyde resin-based composites reinforced with short carbon fibers before and after
modification. The interaction between the resin and short carbon fibers was analyzed by SEM. The results
showed that with a fiber content of 30%, the phenol-formaldehyde resin-based composites reinforced with
short carbon fibers modified by in situ polymeization gave the highest mechanical properties. In particular,
the tensile strength reached up to 108,3 MPa, flexural strength 113,7 MPa, Shore D hardness 91,3 and
impact strength 91,2 J/m?. Morphological analysis showed that at 30% fiber content, modified carbon fibers
were evenly dispersed in the resin matrix, creating good interaction between fibers and resin matrix without
segregation.

Keywords: Polyme composite, Carbon fiber, Surface modification, In-situ polymerization.

dd bén co hoc cao, do gion thép, kha nang

1 Mq DAI‘J chiu hoa chat, chiu mai mon tbt va co thé
Nhu céu ve vat liéu polymer compozit hoat dong én dinh & nhiét do cao [1].
dap tmg dugc diéu kién lam viéc khac Nhua phenolic resol 1a mdt trong nhiing
nghiét nhu hang khong vii try dang ngay chét nén phd bién trong vt liéu compozit
cang thu hat su quanqtém cua cac nha chiu tdi mon ¢ nhiét do cao nho kha nang
nghién ctru va phat trién cong nghé. Vat chéng mai mon va duy tri 16p cbc hoa
liéu nay the hién la mét img ctr vién sang hiéu qua [2-7]. Pay 1a mot loai nhya nhiét
gia d¢ thay thé vat liéu kim loai voi nhimg ran thudc nhom hop chat cao phan tir co
tinh chat wu viét nhu c6 trong lugng nhe, thé chuyén sang cdu trac khong gian ba
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chiéu dudi tac dong cua nhi¢t do hoac
phan tmg héa hoc. Nhya nhiét ran khong
thé noéng chay hay hoa tan tré lai, dong
thoi tao thanh than va phan huy nhi¢t khi
gia cong & nhiét do cao. Nho do, khi tiép
xuc voi ngudn nhiét, nhya phenolic hip
thy nhiét & giai doan dau, phan hiry thanh
than va hinh thanh mét 16p cach nhiét. S&
lugng 16n cac vong thom trong ciu tric
cua nhya phenolic resol giip nang cao
hiéu suit cacbon hoa, déng thoi ting kha
nang tao than. Nho déc tinh gilr than tdt,
nhya phenolic resol trd thanh lya chon ly
tuong cho cac trng dung chiu tai mon cua
cac vat liéu irng dung trong linh vyc hang
khéng vii tru va an ninh qubc phong.
Trong céc vat liéu polyme compozit trén
nén phenol tmg dung cho cic dong co
phong hang khong vii try, cac vat li¢u
polyme dugc thém cbt sgi gia cuong
chuyén biét nhu soi silica, basalt, soi
cacbon... dé nang cao do on dinh nhiét,
kha nang chiu tdi mon ¢ nhiét d§ cao va
tinh chét co hoc cua vat liéu compozit [8].
Soi cacbon cd ba loai chinh gém so1
cacbon hoa chua hoan thi¢n (nhié¢t do xu
ly sgi khoang 500 °C); soi cacbon hoda
(nhiét do xtr ly 500 — 1500 °C) va soi
graphit hoa (nhiét d¢ xu ly 2000 — 3000
°C). Soi cacbon ¢6 uu diém la mé dun dan
hdi cao (khoang 200 — 300 GPa), trong
khi khéi luong riéng thap (thdp hon soi
thuy tinh nhung cao hon soi kevlar), hé sd
gian nd nhiét thép, c6 khé nang cach dién,
cach nhiét, chiu moi truong hoa chét tét.
Néu sir dung soi cacbon ngin 1am vat liéu
gia cuong va giai quyét tot k§ thuat phan
tan trong nhua nén sé cai thién duoc nhiéu
tinh chat nhu co 1y, 6 mai mon ciing nhu
kha nang chiu nhiét cta vat liéu [11]. Tuy
nhién trén thuc té, kha nang thAm wdt,
phan tan va bam dinh cua soi cacbon vai
nhya nén thuong khong t6t do khac nhau
vé ban chét hoa hoc va strc cang bé mit.
Do d6, cai thién kha nang phan tdn cua
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s¢i cacbon cling nhu kha nang tuong tac
va bam dinh cia soi v6i nhya nén s& 13
chia khoa quyét dinh tinh chat cta vat liéu
compozit thu dugc.

Nghién ctru ndy tip trung xu 1y va bién
tinh bé mat soi cacbon bang oxy hoa boi
HNOj3 trude khi tién hanh tring ngung tai
chd nhwa phenolic trén bé mit soi cachon
dé khong pha v cdu tric co ban cia soi
cacbon va tao ra mot 16p nhya PF trén bé
mit soi nhim cai thién tuong thich vdi
nén nhya. Anh huéng ciia soi trudc va sau
khi bién tinh dén tinh chat co hoc va hinh
thaii cdu tric cua vat liéu polymer
compozit ciing dugc lam sang to.

2 THUC NGHIEM
2.1 Nguyén liéu

Nhya phenolic cua hang Resitan- Iran (mé
hiéu RIL 1002) 1a nhua phenolic dang
resol c6 dd nhét tai 20 °C la 1100-1400
cP, khbi luong riéng 1,2 g/cm3. Soi
cacbon ngin (SCF) 1a san pham thuong
mai cia hang Easycomposites (Anh) co
duong kinh soi 7 pm, khdi lugng thé tich
la 400 g/dm?, véi ham luong cacbon >
98%, kich thudc sgi 100 pum; Phenol,
formandehit, polyvinyl butyral, NH; Ia
san pham thuong mai cta cong ty Sigma
Aldrich (My).

2.2 Bién tinh s¢i cacbon

Soi cacbon ngin ban dau (oSCF) duoc
sdy kho ¢ 120 °C dé loai bo hoi nudc, sau
do, chinh x&c 59 + 1% soi duoc cho vao
200 ml axit HNOs; 5M, khudy hdn hop
lién tyc trong 30 phut va siéu am trong 30
phut tiép theo & nhiét do phong. Tiép
theo, soi dugc loc rira trén thiét bi loc hut
chan khong dong thoi rira bang nude cat
dén pH trung tinh, cudi cung soi dugc siy
kho & nhiét do 80 °C trong 24 gid thu
duoc soi cacbon ngén oxi hoa bé mat
(sSCF). Soi cacbon ngan sau khi oxi hoa
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bé mat (sSCF) duwoc bién tinh bing
phuong phap phu polyme. Qué trinh dugc
tién hanh tuan tu nhu sau: 5g soi sSCF
cung dung dich formaldehyde 7% dugc
siéu am trong 30 phut & nhiét do phong,
sau d6 dugc gia nhiét 1én 70 °C va khudy
& toc d6 100 vong/phit. Tiép d6, phenol
va polyvinyl butyral dd dugc lam néng
chdy & 70 °C dugc thém vao hon hop véi
ti 1€ mol gitra formaldehyde /phenol/
polyvinyl butyral lan luot 1a 1,2/1/0,02;
b6 sung thém 4% dung dich NH3 lam x(c
tac cho phan tmg tong hop nhya phenolic
dang resol. Phan ung dugc duy tri nhiét
do 70 °C, 100 vong/phut trong 15 phat
sau d6 nang dong thoi nhiét 46 phan Gng
len 80 °C va téc do khudy lén 120
vong/phat va duy tri phan tng trong 30
phat. Cudi cing, hdn hop duoc loc rira
bang hdn hop con/nude (ty 18 1/1 theo thé
tich) dé loai bo polyme du (chua twong
tac duoc voi bé mat soi), thu duoc soi da
dugc bién tinh bang phuong phap phi
polyme (mSCF).

2.3 Ché tao vat liéu compozit

Soi cacbon ngén duoc phéi trén vao nhua
nén phenolic theo ty 1& 70/30 theo khi
luong (twong duong khoang 4/7 theo thé
tich) trén thiét bi tron polyme d6 nhét cao
c6 gia nhiét voi téc do khudy 120
vong/phit trong 20 phut cho dén khi soi
cacbon dugc phan tan trong hon hop nhua
phenolic. Sau d6 mau duoc loai bo dung
mdi bay hoi trong thiét bi sdy chan khong
& 80 °C trong 4 gio. Cudi ciung, hdn hop
so1 nhya dugc dua vao khudn va ép duoi
ap sudt 50 MPa va gia nhiét dén 150 °C
trong 1 gio.

2.4 Phuwong phap nghién ciru

Phd héng ngoai bién doi Fourier (FTIR)
cua soi cacbon dugce do bang may quang

phé FTIR Nicolet/Nexus 670 (Madison,
WI, USA).
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D0 nhét cla vat ligu duge do bing thiét bi
viscometer NDJ-IC (Trung Quoc) voi dai
do tir 50 dén 2.000.000 cP.

Hinh thai cdu trac bé mat vat lidu duogc
khao sat bang kinh hién vi dién tir phat xa
truong (FESEM) trén may HITACHI S-
4800.

Céc tinh chét co 1y nhu d6 bén kéo dit va
d6 bén ubn dugc xac dinh bang thiét bi
thor nghiém co ly vat liéu da nang
SHIMADZU (Nhat Ban). Thir nghiém d6
bén kéo dut tuan theo tiéu chudn ASTM
D638, trong khi do bén ubn duoc thuc
hién theo tiéu chudn ASTM D790. P bén
va dap duoc xac dinh trén thiét bi
Testresources theo tiéu chudn ASTM
D256.

Céc phép phan tich va thir nghiém danh
gia dugc thuc hién tai Vién Khoa hoc Vit
liu.

3 KET QUA VA THAO LUAN

3.1 Tinh chit Iy héa ciia soi cacbon ngin
3.1.1  Phé héng ngogi FT-IR

Hinh 1 thé hién phd hong ngoai FT-IR
ctia soi cacbon ngin (0SCF), sau khi oxi
hoa/xtr 1y bé mit bang axit HNO; (SSCF)
va sau khi dugc phu polyme (mSCF).

Pj truyén qua (%)

€-0 vi OI nhém
phenolic (-C-OH)

T T T T T T
4000 3500 3000 2500 2000 1500 1000

S6 song (cm™)

Hinh 1. Phé hong ngoai FT-IR ciia mau oSCF,
sSCF, mSCF.
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Pho FTIR cua sgi 0SCF c6 xuat hién dinh
tai 1629 cm™ !, dac trung cho dao dong
hoéa tri cua lién két -C=C-. Sau khi dugc
xtr Iy bé mit bang HNOs, trén phd sSCF
cho thiy céu trac cua soi cacbon ngin ¢
su thay ddi cuong do cua dao dong tai $6
s6ng 3432 cm™ cua nhém —OH tré nén
manh hon. Hon nira, mot pic mai tai 1742
cm™ ! ing v6i dao dong cua lién két C=0
trong nhom cacboxyl (-COOH) va tai
1162 cm™ ' dac trung cho dao dong hoa
trj ctia lién két -C-O trong nhém —COOH.
Nhu vay, sau khi duoc xir 1y, bé mit soi
cacbon ngin di dugc oxi hoéa va hinh
thanh nén cac nhom chirc phan cuc, tao
diéu kién cho 16p phu polyme dugc tao
thanh tr phan Ung trung ngung cua
polyme phenol-formadehit dé dang bam
trén bé mat cia soi. Phd FTIR cua miu
mMSCF cho thay xuét hién cc pic méi véi
cuong manh dac trung cho nhya phenol-
fomandehit. Trong d6, dao dong tai sb
s6ng 1592 cm™ ! dic trung cho ciu tric
vong thom cO trong nhya phenol-
fomandehit, cing voi dao dong bién dang
cia lién két C-H trong vong thom tai
1455-1488 cm™ !, xac nhan su ¢ mat cua
khung cAu tric phenyl. DBéc biét, dao dong
hoa tri cia lién két C-O va OH trong
nhom phenolic (-C-OH) xuat hién trong
vung 1220-1363 cm™ ! dac trung cho
nhya phenolic. Bén canh do, dao dong
ubn cua lién két C-H trong nhom
methylene (-CHy-) xut hién & 990 cm™ ¢,
cho thiy su tao thanh mang luéi polyme
thong qua cau nbi methylene. Ngoai ra,
phd FTIR con ghi nhan dao dong héa tri
cia lién két C-O-C trong viung 1100
cm™ !, lién quan dén sy hinh thanh ciu
trac ether (-C-O-C-) trong qua trinh trung
ngung [9-16]. Nhu vdy, cac két qua phan
tich phd FTIR cho thiy céu tric cua soi
cacbon ngén co sy thay d6i va 1op phu tir
nhya phenolic da dugc hinh thanh trén bé
mat soi.
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3.1.2 Anh SEM cua sei cachon ngan

S
WA

He
0007 15K\ TAMM X200 BSE M

Hinh 2. Anh SEM ciia a) andNM 501 0SCF; b) mdu
501 sSCF, ¢) mau soi mSCF

Hinh thai cdu triic ciia sgi SCF ban dau,

sau khi dugc xu 1y bé mat va sau khi duge

bién tinh bang phuong phap phu hitu co

bé mit dugc thé hién trén hinh 2. Hinh 2a

1a anh SEM cua sgi cachon ban dau cho
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thdy ban dau soi c6 dudng kinh 1a 7,27
pm va bé mat tron nhén. Su tron nhin cua
bé mit soi gitip N6 ¢6 kha ning phan tan
t6t v6i nhya nén. Tuy nhién, cdu tric nay
¢6 twong tac v6i nhua nén yéu khién hiéu
qué cdi thién kha nang co 1y cua vat li¢u
compozit khéng cao. Bing phuong phap
xtr Iy oxi héa, soi cacbon co su thay doi
16n vé hinh thai bé mat vat liéu. Sy thay
d6i duoc thé hién trén hinh 2b vé6i dudng
kinh soi c6 su giam nhe tir 7,27 pm xuéng
con khoang 6,93-7,04 um va bé mit tro
nén nham hon gilp gia ting dién tich bé
mat cuia sgi, nho d6 cai thién kha nang
tuong tic giita nhwa nén va sgi cacbon.
Mot loi ich khac cua qua trinh oxi héa va
xir Iy bé mat bang HNOs la gitip gin céac
nhom chiac hoat dong nhu (-O-C-, —
C=0, -0-C=0) trén bé mit cua soi, tang
cudng kha ning thim udt cia soi cacbon
v6i nhya nén ciing nhu ting kha ning
phan tmg véi chat bién tinh hiru co [17-
19]. Anh SEM cua mau mSCF trén hinh
2c¢ cho théy, bé mit xuét hién cac 16p hiru
co bao quanh bé mat soi, duong kinh sgi
cling c6 sy thay doi tir 6,93-7,04 pm ting
lén 7,25-8,37 pm. Két hop voi cac két qua
thu duoc tir phan tich FTIR, c6 thé khang
dinh sy c6 mat cua 16p phu hitu co trén bé
mat cua sgi cacbon.

3.2 [&nl} huwong sgi cacbon ngin dén
tinh chat luu bién cuia vt li€u polyme
compozit PF/SCF trwéc khi déng ran

P nhét ciia cac mau compozit 1a mot
thong sd quan trong thé hién su tuong tac
ctia nhya nén phenolic va cdt soi gia cuong,
do cling 13 mot théng sé du doan kha ning
phéan tan ctia cdt soi vao nhua nén.

Hinh 3 thé hién gian d6 thay doi do nhét
theo nhiét dd ciia cac mau polyme compozit
v6i nhya nén 1a PF va cac soi cacbon phan
tan khac nhau nhu oSCF, sSCF, mSCF. Cac
thtr nghiém duogc thuc hién tai cac khoang
nhiét do tir 20 dén 90 °C.
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Hinh 3 a) Bé nhét (cP) ciia cdc mdau PF;
PF/oSCF; PF/sSCF va IfF/mSCF tai cac nhiét do
khac nhau b) Su thay d6i do nhdt (%) theo nhiét
do cua mau PF; PF/oSCF; PF/sSCF va PF/mSCF
Nhin chung, sy c6 mit cua chit don gia
cuong dan téi sy gia ting d6 nhdt ciia hon
hop, dac biét vdi soi cacbon ngén co dién
tich bé mit trén khdi luong 16n va ciu
trac dang soi v6i ti 1& chiéu dai/duong
kinh 1én (=100/7 theo théng sd nha cung
cip). Trong khoang nhiét d6 20-40 °C, d6
nhét ctia compozit ¢6 su khac biét khong
dang ké va déu cao hon so v6i miu PF.
Khi nhiét do tang 1én (> 40 °C), su thay
d6i do nhét dién ra rd rét theo xu hudng
giam dan va xay ra trat tu sip xép nhu
sau: PF < PF/mSCF < PF/oSCF <
PF/sSCF. Khi nhiét d¢ tang de‘in, cac luc
lién két yéu nhu lién két Van der Waals,
lién két hydro giita cac chudi polyme bi
suy yéu, lam giam su can trd chuyén dong



Tap chi phén tich Héa, Ly va Sinh hoc - Téap 31, S6 2A 2025

ctia chudi polyme giup ching di chuyén
dé dang hon va giam ma sat noi tai trong
hé, tir 46 1am giam d¢ nhét. O nhiét do
cao, polyme PF nhu mot chit bdi tron
trong hon hop PF/SCF. Cung véi do, khi
nhiét do ting 1én, 16p phu polyme trén bé
mat sgi mSCF tr¢ nén linh dong hon va
cac nhom hoat dong da duogc tuong tac
v6i 16p phu khién do nhét cia hdn hop
PF/mSCF xuéng thip hon so v&i mau
PF/sSCF.

Véi mau PE/sSCF, mac do 6n dinh do
nhot tot duy tri & mic 3000 cP (twong
duong 45% so v6i do nhét & 20 °C). Mot
gia thiét khac co thé giai thich cho hién
tuong ndy 1a do mau soi sau khi oxi hoa
c6 dién tich bé mat 16n va khi nhiét do
tang 1én, cdc nhom hoat dong chua ghép
d6i sau qua trinh oxi hoa co thé c6 twong
tac hoa hoc hodc vat Iy v6i nhua nén
phenolic, dan t&i ning lwong bé mit cua
soi tang, kéo theo d§ nhdt nhi¢t dong cua
vat li¢u ¢ trang thai long tang cao [20—
25]. P6 nhét 6n dinh cta hdn hop
PF/sSCF khi thay ddi nhiét d6 cho thiy su
tuong tac tot gitra soi va nhwa nén. Tuy
nhién, cic twong tac nay ciing c6 thé lam
giam kha ndng phin tan cua so¢i cacbon
trong nhuya.

3.3 Tinh chit co hoc caa vit liéu
polyme compozit PF/SCF

Bang 1 trinh bay céc tinh chat co hoc cua
vat li€u polyme compozit’ PF, PF/OSQF,
PF/sSCF, va PF/mSCF. Két qua cho thay,

viéc b sung sQi cacbon vao nén nhya PF
gitip cai thién dang ké cac tinh chat co
hoc nhu d6 bén kéo dut, do bén ubn, do
cimg va do bén va dap cua vat liéu. Mot
trong nhimg két qua dién hinh cho kha
nang phan tan Gmg suét 1a do bén va dap,
khi tat cd cac mau gia cudng soi cacbon
déu thé hién sy cai thién rd rét. Cuy thé,
mau st dung soi c6 16p pha polyme
(PF/mSCF) c¢6 murc ting cao nhat, 1én toi
214% so v6i nhua PF ban dAu, trong khi
mau sir dung s¢i chua xur 1y (PF/0SCF) ¢o
mirc cai thién thdp nhat khoang 148% va
160% dbi voi mau str dung soi da xtr Iy bé
mat (PF/sSCF). Pang chu y, su cdi thién
d6 bén va dap dang ké ctiia mau PF/mSCF
so v6i mau PF/sSCF va PF/oSCF la do
kha nang phan tan cta soi mSCF vao
nhua nén tot hon so véi soi sSCF va soi
oSCF, ciling nhu tuong tidc cua sgi véi
nhya nén cia sgi mSCF va sSCF tdt hon
so vo1 so1 oSCEF.

Do bén kéo dut cua cac mau PF/SCF ciing
cho thdy su cai thién rd rét. Mau
PF/mSCF c¢6 do bén kéo dut 16n nhit,
ting 259% so v&i mau PF, trong khi céc
méau PF/sSCF va PF/oSCF lan lugt ting
240% va 208%. Piéu nay 1a do sy tuong
tac cua cac soi mSCF va sSCF véi vat
liéu nén tét hon so vé6i soi 0SCE. Tuong
tu, d0 bén ubn cia cac mau vat liéu
compozit nay ciling c6 sy cai thién theo
cung xu huéng, véi mau PF/mSCF c6 do
bén va dap ting 270%, tiép theo 13 miu
PF/sSCF ting 248% va mau PF/oSCF
ting 217%.

Bang 1. Anh hwong cua ty 1€ thanh phdn nhya va soi cacbon dén dé bén kéo dirt va dé bén udn vdt liéu

. Do bén kéo dut Do bén udn Va déap Do cling
STT Tén mau
(MPa) (MPa) (J/m) Shore D
1 PF 41,8 42 35,9 68,2
2 PF/0SCF 86,9 91,2 89,1 87,2
3 PF/sSCF 100,5 104,1 93,4 90,9
4 PF/mSCF 108,3 113,7 112,8 91,2
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3.4 Hinh thai cdu tric cia vat liéu
compozit PF/SCF

2.0kV 8.4mm x5.00k SE(M)

2.0kV 8.4mm x5.00k SE(M)

Hinh 4. Hinh anh bé mdt kéo dirt cia vit liéu
polyme compozit a) PF/0SCF, b) PF/sSCF, va
c) PF/mSCF.

Su phan tan va tuong tac bé mat cua soi
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cacbon voi nén nhwa PF c6 thé quan sat
trén cac anh SEM bé mit bi pha v& véi
phong dai x5000 nhu trén hinh 4. Di voi
mau PF/sSCF, cdu tric soi d duoc xir ly
bé mat c6 dd nham cao hon, gitp tang
dién tich bé mit, cai thién niang luong bé
mat va tuong tac pha gitta nhya nén va
soi. Vi vay, xung quanh bé mat kéo dat
clia soi van con ton tai kha nhiéu polyme
bam viu. Luong polyme nay con dugc
quan sat thdy nhiéu hon & mau PF/mSCF,
ving tiép giap gilta soi va nhya nén cling
khong c6 su phan pha 13 rét, n6 cho thay
tuong tic tot giita sgi va nhyua nén. Két
qua nay phu hop véi cac két qua tinh chat
co 1y clia cac mau vat liéu da thu dugc.

KET LUAN

Céac két qua phan tich phd FTIR va anh
SEM da chirng minh sgi cacbon nga"m duoc
bién tinh thanh cong bang phuong phép xir
1y bé mat véi chat oxi hoa HNO3 va duoc
bién tinh bé mat bang trung ngung tai chd,
tao ra 16p polyme bao phu quanh soi. D§
nhét clia cac mau compozit cé su khac biét
gay ra do khac nhau vé hinh thai cu trac
soi trude va sau khi bién tinh. Nho duogce xtr
1y va bién tinh, soi cacbon c6 sy tuong tac
t6t hon v6i nhwa nén phenol-formaldehyde
(PF), vi thé, cai thién rd rét cac tinh chit co
hoc cua vat ligu. DY bén kéo dit, do bén
udn, do bén va dap va dg cting ShoreD cua
vat liéu compozit ting tir 134% dén 214%
so voi nhua PF ban dau. Vat liéu compozit
nay hua hen kha nang ung dung cao trong
nhiéu linh viyc, nhat 1a nhimg chi tiét doi
héi d6 bén co hoc cao, chéng mai mon tét.

Loi cdm on: Nhom tac gid cam on Vién
Han 1am Khoa hoc va Cong nghé Viét
Nam da cép kinh phi dé thuc hién Hop
phan “Nghién ctu vat liéu polyme
compozit dic biét tng dung ché tao cum
loa phut dong co phong” ma sd:
TPANQP.01/23-25, thuéc Dé an Trong
diém cdp Vién Han lam KHCNVN
“Nghién ciru phat trién cong nghé va ché
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tao vat lieu dac ching phuc vu quéc
phong giai doan 2023-2025”

Cam két: Chlng t6i cam doan day la cong
trinh cia nhém nghién ctru va chua gui
dang ndi dung nay & bat ky tap chi nao.
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