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Tém tit: Vat liéu hitu co khung kim loai (MOF) dang néi lén nhiw nhing chat dén co kim da néng, c¢é

kha ndng cdi thién dang ké kha nang chéng chay, giam téa nhiét va uc ché khéi cho nhiéu logi Polymer kj
thugt. Bai danh gia nay tém ot nhiing tién bé gan day trong ung dung MOF dé bao vé an toan chay cho
cac logi nhya thdng dung, bao gom cdu tric, cdc phuong phap bién tinh bé mdt, chién liroc tao vat lidu lai,
va co ché hoat dong. Bai viét ciing so sanh hiéu qud chong chdy, dong thoi néu bt cac thach thite va dinh
hwréng phéat trien MOF thé hé méi cho vt liéu Polymer an toan chay.

Tir khod: MOF, chdt chong chay, Polymer, Polystyrene, Polyethylene, Polycarbonate.

Abstract: Metal-Organic Frameworks (MOFs) have emerged as multifunctional organometallic fillers
capable of significantly enhancing flame retardancy, reducing heat release, and suppressing smoke
generation in various engineering Polymers. This review summarizes recent advances in the application of
MOFs to enhance the fire safety of common plastics, focusing on their structural characteristics, surface
modification methods, hybrid material design strategies, and flame-retardant mechanisms. The article also
compares flame-retardant performance and highlights the current challenges and future directions for

developing next-generation MOFs for fire-retardant Polymer materials.
Keywords: MOF, flame retardant, Polymer, Polystyrene, Polyethylene, Polycarbonate.

1. Pt van dé

Chay do vt liéu Polymer giy ra van 1a mbi de
doa 16n cho an toan cong nghiép va dan sinh [1]. Trong
do, nhya Epoxy (EP), Polyurethane (PU), Poly-a-olefin
hay Polyester 1a cac loai nhira duoc str dung trong d6i phd
bién nhung ching lai ¢6 nhuoc diém 1a dé chay va khi
chay thuong phat thai khéi, khi doc. Tir sau 1énh cam st
dung cac chét chdng chay chira Halogen tir mét s6 nudc
(Nghi dinh thu Montreal 1987), vat liéu vo co chira kim
loai (Mg(OH)., Al(OH)s) va Phosphorus-Nitrogen dugc
quan tAm nhung con han ché vé hiéu suét ciing nhu lugng
khoi phat sinh [2]. Sy xuat hién ctia vét liéu hitu co khung
kim loai (MOF) — cic mang tinh thé phdi tri kim
loai-ligand siéu x6p — mo ra hudng tiép can mai nho dién
tich bé mit 16n, kha ning diéu chinh 16 x6p va thanh

phan nguyén t6 [3]. Céc trung tAm kim loai (Fe, Co, Ni,
Cu,Zr..
trong khi khung hitu co giau C-N-O c6 thé sinh mang
than 6n dinh & nhiét do chay. Bén canh do, 16 Xép MOF
hap phu khi dé chay, giam ndng d6 Oxygen cuc bo va
gitr lai khoi, khi doc [2]. Giai doan 2020-2025 ghi nhan
bung nd sb lugng cong trinh tmg dung MOF nhu chét

.) dong vai tro xtc tac cho qua trinh carbon hoa,

don doc 1ap hodc chat cong huong trong hé phong no,
dem lai muc giam tdc do toa nhiét cuc dai (pHRR) to1
80 % [4]. Tuy nhién, van con cau hoi vé co ché vi mo,
tuong thich hoa - 1y v6i nén Polymer, ciing nhu d6 bén
truong litu Composite
MOF/Polymer. Bai bao nay nham 14p khoang tréng d6
thong qua tong hop va phén tich c6 hé théng nhitng két

co  hoc-moi cua vat

qua méi nhit trong nhitng ndm gan day.
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2. Tong quan vé vat lieu MOF

MOF, con goi la vat liéu hitu co khung kim loai,
la mot loai vat li¢u tuong ddi méi véi clu tric gém nut
kim loai/cluster kim loai lién két v6i phéi tir hitu co da
chire, tao mang 3D c6 cdu trac twong d6i x6p (hinh 1).
Mot sb hé MOF dién hinh gom: ZIF-8
(Zn/2-methyl-imidazolate), ZIF-67 (Co-imidazolate),
HKUST-1 (Cu-BTC), MIL-101 (Fe/Cr-BDC) va
Ui0-66 (Zr-BDC). Mot trong nhitng wu diém tuyét voi
ctia MOF 14 kha ning diéu chinh tinh chat cia né bang
3 phuong phép, cu thé: (1) thay ddi kim loai; (2) thay
thé/pha tap phdi tir; (3) khic 15 hodc bién tinh bé mit.
Vit liéu MOF ¢6 thé duoc phan loai theo nhiéu tiéu chi
nhu thanh ph?m kim loai trung tam (vi du: Zr, Fe, Cu),
loai phdi tir hitu co (nhu: BDC, BTC), hinh hoc cu
trac (mot chiéu - 1D, hai chiéu - 2D, ba chiéu - 3D),
phuong phap tong hop (thuy nhiét, vi séng, co hoc) va
dac tinh chtrc ning (dan dién, phat quang, xuc tac, hép
phu...). MOF dugc str dung rong rai trong cac linh vuc
nhu Iuu trit va tach khi, cam bién hoa hoc, xuc tac di
thé, giai phong thude va luu trit niang luong, nho cau
trac x0p 6n dinh va kha nang diéu chinh hoa hoc linh
hoat. Chinh sy thay d6i linh hoat nay gitip cdc nha khoa
hoc c6 thé bién tinh MOF theo cic mong mudn khac
nhau gitup dinh huéng viéc sur dung vat licu MOF trong
linh vuc, trong d6 linh vuc chdng chay ciing da duoc
g dung trong nhitng nam gan day. Cac vi du vé su
bién tinh theo mong mudn gitp cai thién kha ning
chdng chay cia MOF cho mét s6 Polymer ¢6 thé duoc
liét ké nhu sau: Sun va cong sy da chimg minh bién
tinh MOF bang Silan-Hydrophobic gitp ting d6 phan
tan trong nhwra, nang chi s6 Oxygen gi6i han (LOI) cta
mot s6 loai nhya nhiét déo (TPU) 1én 30 % véi chi 1%
khéi luong chat don MOF [5]. Song va cac cong su da
ching minh, viéc cat lién két phéi tri tai chd tao ra vat
liéu MOF bi khuyét tat mang, giai phong kim loai hoat
hoé xuc tac cho qua trinh than hoa ¢ 350 — 400°C, tang
hiéu qua chdng chay cho nhwa Epoxy [6]. Bén canh do,
lai ghép MOF véi vt liéu dang 2 chiéu phing (2-D)
nhu Mxene hay Graphene c6 thé tao ra mot loai vat
lidu 6 cAu tric kiéu “gach - vita” da bac, cai thién dang
ké kha ning can tré khi va khéi doc phat thai ra moi
truong khi chay cua vat liéu Polymer [4].

Ion kim logi

hodc Cluster Hop chét hitu co

c6 vai trd cau ndi

Hinh 1: Cdu triic MOF.
MOF con dugc chuyén hoa thanh din xuit

MOF

(oxide, carb-N) thong qua qué trinh gia nhi¢t nung
hoa, dién hinh 13 MOF- Hydroxide 16p kép (Derived
Layered Double Hydroxide - LDH). Piao va cac cong
su da sir dung MOF-LDH phi 1én x6p Poly Urethane
(PU), nho d6, vat liéu x6p PU da dat kha nang ty dap
Iira va do siéu ky nudc, dong thoi dap ting kha ning
phan tach dau - nudc [7]. Mot sb két qua nay khang
dinh MOF khong chi 12 “chit don x6p” ma con 1a nén
tang kién tric cho cac vat liéu da chirc ning ung dung
trong linh vyc vt liéu chéng chay. Kha ning chong
chay cu thé ctia mot sé vat lieu MOF s& dugc trinh
bay & phan tiép theo.

3. Kha niing chong chiy cia MOF cho mét
s0 loai Polymer

3.1. Nhwa Epoxy

Nhura Epoxy 1a mot loai nhua dé chay nho giot,
sinh khéi dam dic. Do véy, viéc xtr Iy chdng chay cho
nhua nay 1a mot yéu cau bat budc. Huang va cc cong
su dd bo sung vao nhwa Epoxy 2% PNCo-MOF vé
khéi lwong, dong thoi két hop voi chit chéng chay
Ammonium Polyphosphate (APP) da ha pHRR
xubng 78% so v6i ban dau va dat UL-94 V-0 [8]. Bén
canh do, véi su bd sung h¢ MOF ZIF67@ZIF8/PA -
da dugc chire ning hoa bang Phytic Acid, Wang va
céc cong sy da 1am giam tong ning luong nhiét (Total
Heat Release - THR) cua vét liéu nhua Epoxy 60% so
v6i ban dau va giam tong lugng khoi phat sinh (Total
Smoke Production - TSP) 49% so v6i ban dau [9].
Mot nghién ctru khac cua Zhang va cong sy (nam
2022) da phat trién hé MOF-POSS da nguyén td,
tuong thich t6t véi mang Epoxy, két qua sau khi thir
nghiém va&i ngon Itra 1a thu dugc mot mang Carbon
day, 1am giam tdc do toa nhiét cuc dai (Peak Heat
Release Rate - pHRR) khoang 27% [10]. Gan day,
Shao va cac cong su (ndm 2025) di tién hanh pha tron
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vao Epoxy vit liéu MOF - UiO-66 dugc phu 1én mot
16p vit liéu ¢ ciu tric 16i — vo Chitosan@APP bang
phuong phap 1dp rap timg 16p tudn ty. Két qua thu
dugc rat kha quan, chi 2% khéi lugng MOF di giam
PHRR thém 25% va giam lugng phat thai CO 1én dén
38% [11]. Trong cac nghién ciru nay, cac tac gia déu
chi ra co ché chdng chay ctia MOF, cac co ché chu
dao gdém: (i) xuc tac khir vong Epoxy — céu trac
Zr/Cu/Co tao
Oxide-Phosphate gia ¢6 16p tro than, (iii) 16 trong

aromat giau C, (i) kim loai
trong MOF hap phu nho giot oligomer néng chay han
ché nho giot chay. Cac co ché nay c6 dugc déu do cau
truc phan tir dac biét cia cac h¢ MOF. Mot s6 céu truc
hé MOF duoc dung chdng chay cho nhya epoxy duoc
trinh bay tai hinh 2.

S
ALK

\ MOF - UiO-66

Hinh 2: Cdu triic mét s6 MOF dimg dé chong chdy cho nhua Epoxy.

3.2. Polyurethane (PU)

PU Ia loai vt lidu c6 cAu trdc rat xop, dé chay
va lan truyén chay nhanh. Do vay, PU Ia vt liéu can
thiét phai dugc xir Ii chéng chay. Shi va céc cong su
(ndm 2022) da thiét ké vat liecu MOF c6 tén la
Co-MOF@MXene lai 2D dé thém vao PU. Két qua
cho thiy, chi 3% khéi luong MOF duoc thém vao
trong PU c6 thé 1am giam pHRR t6i 81% nho hiéu
tng che chin dam chay két hop xUc tac hiép dong
[12]. Bén canh do, Piao va cong su (nam 2023) da
chimg minh MOF-LDH phui bé mat vat ligu xép PU

da tao thanh mot 16p ctiing €6 céu tric twong tu gém
dang nano ngay trén bé mat xép PU. Biéu nay gidp
x6p PU dat duoc chi s6 Oxygen gigi han (Limited
oxygen index - LOI) 28% va kha nang tu dap tit ngon
ltra [7]. Céc nghién ctru trén dd goi y rang cau trdc
mang hé cia PU cho phép MOF phan bé déu, tao
xuong than ba chiéu lién tuc, gitp ting cuong kha
ning chdng chay & moi phia. Co ché chong chéy cua
Co-MOF@MXene lai 2 chiéu (2 Dimensional - 2D
trén PU duoc trinh bay tai hinh 3.
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PU.

3.3. Polypropylene (PP) va polyolefin

Polypropylene (PP), dai dién tiéu biéu cho
nhom polyolefin, 1a loai Polymer ¢ ciu tric mach
thang véi ty 1é Hydrogen cao va khéng chira di t6, do
d6, khi chiu tacdong cua nhiét, PP rat khd Carbon hoa
va dé bat chay, dong thoi khi chay thuong khéng hinh
thanh 16p than bao vé, khién qua trinh lan truyén ngon
lra dién ra nhanh chong. Dé cai thién kha nang chbng
chéay cho PP, can sir dung céc hé phu gia c6 kha nang
tao mang phong né (Intumescent Flame Retardants —
IFR), trong d6 viéc bd sung thém chat hiép dong
(Synergist) nham tang hiéu qua cua hé IFR la mot
hudng nghién cau quan trong. Trong cong trinh
nghién ctru cua Shen va cong su (2022), nhdm tac gia
da tong hop va tng dung mot vat ligu MOF chira
Cobalt c6 tén Co-BDC (Co**—Benzene Dicarboxylate)
nhu mot chat cong huong hiéu qua cho hé IFR si
dung trong nén PP. Khi duoc két hop véi hé IFR
truyén théng ¢ ty 18 tong phu gia 25% khdi lwong, Co-
BDC gilp vat liéu PP dat cip V-0 trong thir nghiém
UL-94 va gia tri chi s Oxy gi¢i han (LOI) 1én téi
31%, cao hon dang ké so voi PP nguyén chat [13].
Dic biét, vat lieu nay lam giam gia tri pHRR (toc do
S0 07, 2025 — TAP CHI PC&CC DIEN TU| 18
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giai phong nhiét cuc dai) toi 60%, cho thay hiéu qua
rd rét trong viéc kiém soat qua trinh chay. Co ché
chdng chay chu yéu cua Co-BDC Ia thdng qua viéc
giai phdng cac lon kim loai Co?* trong qua trinh nhiét
phan, dong vai tro xtc tac cho qua trinh Cyclo hoa va
Carbon hoa, tir d6 thuc day su hinh thanh 16p than
Graphitic 6n dinh va c6 cau trac lién tuc. Ngoai ra,
khung MOF khéng nhitng gop phan nang cao hiéu
qua caa hé phdng ma con tao ra cac cian vo co 6n dinh,
giGp duy tri hinh dang va tinh lién két cia mang than
& nhiét d6 cao. Két qua nghién ctu di khang dinh
rang MOF-Co-BDC khong chi turong thich tot véi nén
PP va hé IFR, ma con la mot chat cong huong trién
vong trong viéc phét trién cac hé chdng chay hiéu qua
va than thién véi moi truong cho Polyolefin dé chay
nhu Polypropylene [13].

3.4. Polyester (PLA, PET)

Déi vai nhya Polylactic Acid (PLA), tinh bén
nhiét cua nd kha thap, khién PLA bat chay nhanh va
nhanh chong hut khdi do cac lién két Carbonyl thuong
khong bén. Do vay, loai nhya nay can phai duogc xur Ii
chéng chay thich hop. Mot sé chat phu gia chéng chay
thong thuong hiém khi phu hop voi PLA. Tuy vay,
viéc su dung vat lieu MOF Ia mot hudng di hira hen
cho loai vat liéu nay. Mét nghién cuiru cua Liu va cong
sy cong bd nam 2025 di sa dung hop chit
Mg(OH)2/Co-MOF/DOPO lai sinh hoc sir dung cho
nhua PLA thu duoc két qua rat kha quan. Loai MOF
nay da nang LOI cta PLA 1én 30%, va giup PLA dat
mtc V-0 trong thir nghiém UL-94. Pong thoi, nd
ciing ha pHRR xuéng 70% so v&i mirc ban dau [14].

Tuong tu, vai nhua Polyethylene Terephthalate
(PET), né ciing 1a mét loai nhua kém bén nhiét va
tuong ddi kén chat phu gia chdng chay. Tuy vay, véi
co ché chng chay da dang, MOF dugc coi 1a c6 tiém
nang nhét trong c4c loai phu gia chong chay. Piéu nay
da dugc chitng minh béi Sun va cac cong sy (nam
2025). Nhoém ciia Sun di dung vat lieu MOF ¢6 cau
trac Ni-MOF@Mxene pha tron vai nhya PET va thu
duoc két qua rat kha quan. Két qua thu dugc cho thay,
PHRR giam dén 49% va do bén co hoc ciia PET duoc
tang 1én dang ké nho twong tac hydrogen gitra nhom
carboxyl PET va MXene [5].

3.5. Polycarbonate (PC)

Trong mét nghién ctu tiéu biéu duoc thuc hién
boi Hou va cac cong su vao nam 2023, nhém nghién
ctru da thanh cong trong viéc tong hop mot loai vat liéu
MOF chua ion cerium-phosphate, duoc goi la Zr-
MOF@CeHPP [15]. Loai MOF lai nay duoc thiét ké
bang cach két hop khung Zr-MOF bén nhiét véi cac
nhom phosphate giau cerium (CeHPP), nho d6 tao ra
mét hé vat liéu khong nhiing c6 kha ning phan tan tot
trong nén Polymer ma con c6 dic tinh chng chay vuot
troi. Khi dugc bo sung vao nhya polycarbonate (PC) voi
ty 16 chi 2% khdi lugng, vat liéu nay da ting dang ké
kha niang chong chay ctia hé composite thu dugc. Cu
thé, mau PC chtra 2% Zr-MOF@CeHPP di dat dugc
cap V-0 trong thir nghiém UL-94, 13 muc cao nhat vé
kha nang chdng chay nho giot va lan truyén ngon lia.
Pang chi y hon, chi v6i mot luong rat nho MOF, gia tri
pHRR d3 giam dén 45% so v6i PC nguyén chat. Diéu
nay cho thay tac dong rd rét ciia MOF dbi voi kha ning
lam cham chay va kiém soét nhiét luong sinh ra khi vat
liéu bi d6t nong. Két qua nay duogc giai thich bang su
tao thanh pha gém CePO4-ZrO: ¢ 600 - 700°C gilip bén
héa mang than hinh thanh trén bé mat vat liéu va han
ché kha nang niit v&.

4. Co ché chéng chay ciaa MOF cho vit ligu
Polymer

Khi so sanh céc nghién ciru dién hinh vé tng
dung vat lieu MOF lam phu gia chéng chay cho
Polymer, c6 thé nhan thiy ba co ché chinh dong vai
trd noi bat trong viéc cai thién kha ning khang chay
cua hé vat liéu nén Polymer chira MOF. Thi nhit, co
ché xtc tac Carbon hoa ¢ pha ngung tu, trong do céc
ion kim loai chuyén tiép nhu: Co?*, Ni2*, Cu?" dugc
giai phong tr khung MOF va phan tan vao nén
Polymer khi chiu nhiét. Cac lon nay dong vai tro xuc
tac cho phan tng khir Hydrogen (Dehydrogen hoa),
thuc day qua trinh hinh thanh cac ciu tric vong thom
bén nhiét, tir 46 tao nén I6p than day va on dinh bao
pht bé mat vat liéu. Bong thoi, sy phan huy caia MOF
con tao ra cac Oxide kim loai c6 kha nang hinh thanh
l6p gébm vi xbp, gitp cach ly nhiét va can tro lan
truyén dam chay nho tinh chét bén co hoc va 6n dinh
nhiét cao. Co ché thir hai 12 giai phong khi tro va hap
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phu khoi, xuét phat tir cac phdi tir giau Nitrogen (vi
du: Imidazolate) hoac chira Phosphorus (nhu: Phytic
Acid, DOPO) trong c4u tric MOF. Khi bj nhiét phan,
cac phdi tir nay giai phong khi tro nhu: N2 va HsPOa,
tao moi tredng khdng chay xung quanh vat liéu, dong
thoi 1am lodng ndng d6 Oxy va chat d& chay trong
viing phan &ng. Khong nhiing vay, dac tinh xop cao
ciia MOF con gidp hap phu hiéu qua cac san pham
chay doc hai nhu: Toluene, khi CO va bui min
(PM2.5), tir 46 giam doc tinh cua khoi — mot yéu té
quan trong trong an toan chay hién dai [8,16]. Co ché
tha ba 1a hiéu ung rao can da 16p, trong d6 cac MOF
duoc lai ghép voi cac vat liéu hai chiéu nhu: MXene,
Graphene hoac véi cac Hydroxide 16p kép (LDH)
nham tao thanh kién trac “gach — vira” da tang. Cau
trdc nay hoat dong nhu mot rao can vat ly hi¢u qua,
budc dong khi va nhiét trong qué trinh chay phai di
chuyén theo duong di xoan ¢ phirc tap hon, tir d6
lam giam téc d6 lan truyén ngon lia va su thoét khi
dé chay [4,12]. Bén canh do, viéc bién tinh bé mat
MOF bing cic tac nhan nhu: Silane, Dopamine,
Phytic Acid hay két hop vai hé Polymer than thién
nhu: Chitosan/Ammonium Polyphosphate khéng chi
nang cao tinh twong hop véi nén Polymer, ma con duy
tri co tinh tong thé cua vat liéu Composite, gitp khic
phuc nhugc diém gion, vén 1a diém yéu thuong thay
cuia cac chat don vo co. Tong hop cac co ché nay cho
thdy MOF khong don thuan 13 mot chit don chiu
nhiét, ma con la phu gia chirc ning da chiéu, gép phan
ddng thoi vao viéc kiém soat qua trinh chay, bao vé
cau trdc vat liéu va giam thiéu nguy co doc hai trong
quéa trinh chay. Tém tét cac co ché chong chéay cua
MOF dugc trinh bay trong hinh 4.

Giai phéng khi tro va
hap phu khéi
® o
L
L] = "

] "
Vv Vv
Polymer
[ —— N
e Co* Ni=,. Cuz
® o - - L]
=] - =]
vV Vv Vv
Xuc tac héa carbon
I ——

Xuc tac héa Carbon
& pha ngung tu

Xdc tac héa Carbon
& pha ngung tu

Hiéu o'ng rao
can da ISp

MOF/MXene
MOF/Graphene
MOF/LDH

Hinh 4: Tém tdt cdc co ché chong chay cia MOF.

4. Két luan

Tur cac két qua nghién ctu trude day da duogc
trinh bay ¢ trén, MOF d3 chtng to 12 nén tang trién
vong dé phat trién chat chdng chay thé hé méi cho
Polymer nhd kha ning thiét ké cau trdc linh hoat, xtc
tac tao than va giam khoi doc. Pham vi ing dung trai
dai tir Epoxy nhiét ran, Polyurethane dan hoéi dén
Polyolefin va Polyester phan hay sinh hoc. Hiéu qua
thue nghiém cho thay mirc giam pHRR 50 - 80%, LOI
tang 5 - 10% va dat hang V-0 véi ham lugng phu gia
thuong dudi 3wt%. Cac huéng nghién cau tiép theo
bao gom: (i) céng nghé quy mé 16n tong hop MOF
gia ré; (ii) MOF théng minh tu phuc hdi sau chay; (iii)
mo hinh ho4 da thang dé tién doan dong hoc than hoé;
(iv) danh gia doc tinh dai han caa san pham chay c6
chaa kim loai nang. Viéc hi tu gitra hod hoc phéi tri,
khoa hoc bé mat va ky thuat Polymer hara hen mé ra
thé hé vat liéu an toan chay, than thién moéi truong
phuc vu cdng nghiép hang khong, dién - dién tir va
xay dung bén viing.m
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