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NANOCOMPOSITE HYDROGEL APPLIED TO EXTINGUISH CLASS A FIRES
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Extinguishing agents are essential firefighting tools in the fight against
fires. In this work, a composite gel used to extinguish class A fire is
created from methylcellulose, super absorbent polymer and nano
bentonite. The composite gel is formed through the hydro bonding
between the three components. The composite gel has thermal
sensitivity and is used to extinguish wood cribs fires. The results show
that the phase transition of the composite gel occurs when the
temperature is above 90 °C, increasing its viscosity and adhesion to the
surface of the burning material, and acting as a barrier to isolate oxygen
from the flame. Small-scale fire extinguishing tests reveal that the
composite gel has better fire extinguishing capabilities, cooling time
and CO gas adsorption capacity than the water. The sample of
composite gel with a nano bentontite content of 0.25 g has the shortest
time to completely extinguish the fire (129 s) and emits a CO
concentration below 100 ppm.
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Chat chira chay 1a cong cu chira chay thiét yéu trong cudc chién chong
lai ddm chay. Trong nghién ctru nay, moét loai gel compozit dugc sir
dung dé dap tit dam chay loai A di duoc tao ra bang cach s dung
methylcellulose, polyme siéu hap thu va bentonit nano. Gel compozit
dugc hinh thanh thong qua lién két hydro giita ba thanh phan trén. Gel
compozit ¢6 tinh chat nhay nhiét va dugc tmg dung dé dap tit dam chay
loai A. Két qua cho thay su chuyén pha cua gel compozit xay ra khi
nhiét d 16n hon 90 °C 1am ting d6 nhét, kha niang bam dinh vao bé mat
vat ligu chay va hoat dong nhu mét rao can cach ly oxy vaoi ngon lira.
Két qua thir nghiém chira chay trong quy mé nhé cho thay gel compozit
c6 kha ning chira chay, thoi gian lam mat va kha nang hap phu khi CO
déu tét hon so véi nuée. Mau gel compozit c6 ham lwgng nano bentonit
0,25 g c6 thoi gian dap tit hoan toan dam chay 1a thdp nhit (129 s) va
su phat thai ndng do CO dué6i ngudng 100 ppm.
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1. Gigi thigu

Nuée da dugc sir dung dé dap ltra va ngan chdn su lan rong cua dam chay trong nhiéu thé
kydo nhiét dung riéng cao, nhiét an hoa hoi l16n va do pho bién cua n6 [1]. Tuy nhién, do nudc la
chat long ¢6 @ nhot thap nén nudc khé bao phu hodc thdm sau vao cau trac vat lidu gay chay ma
bi that thoat theo dong chay va gay lang phi [2]. Dé giai quyét su han ché caa nudce, cac nha khoa
hoc d cho thém vat ligu siéu hap thu (SAP) vao nudc dé tao ra cac hdn hop co dic tinh phi hop
cho viéc ngén ngra/dap chdy [3] - [6]. SAP khi tron v6i nudc s€ Xdy ra qua trinh hydrat hoa, cac
SAP bao boc cac giot nudc trong vo giéng nhu bong bong tao thanh dang gel. Gel ¢6 thé ton tai
tir 24 - 36 gior va duy tri hiéu qua cta n6 thong qua viée 1am wot lai bé mit ma gel con bam dinh.
Ngoai ra, gel rat dé dang dé loai bo khoi bé mat da bam dinh va ching c6 tinh than thién moi
truong. Thanh phan chinh cta gel chita chay thuong pham bao gdm: SAP, chat don v co, chat
hiru co, nuéc; chung duoc tron 1an vao nhau tao ra dung dich c6 6 nhét cao va dugc phun vao
céc dam chay bang cac thiét bi chuyén dung. Tuy nhién cac loai gel truyén thong dé dat hiéu qua
dap chay t6t thuong co nhuoc diém 1a d6 nhot cao, dé gay tic nghén duong 6ng va kho luu trir
van chuyén [7], [8]. Gan ddy cac SAP nhay nhiét dugc cac nha nghién clru quan tim do tinh chat
hap thu/nha hip thu nuéc theo nhiét do téi han (LCST). N6 ¢6 tinh luu dong manh va d6 nhét
thap & nhiét do phong, dong thoi co thé nhanh chong giai phong nudc ¢ nhiét do cao va tao thanh
keo trén bé mit vat liéu chay [9]. Nghién ctru ciia Lima di chuan bi mot loai SAP nhay nhiét trén
co s& két hop methylcellulose (MC), poly acrylic acid va MgCl, c6 dd nhét thay dbi tir 4,256 pas
(20 °C) 1én 40,858 pas (80 °C) cho hiéu qua dap chay voi ddm chay g0 dat 280s. Trong d6 MgCl,
hoat dong nhu 13 chat xuc tic tao ra nhiéu than va ting hiéu qua lam mat cho dam chay. Tuy
nhién, sy phat thai khi, kha nang bam dinh gel trong qua trinh dap chay chua dugc nghién cuu
dén [3]. Nghién ctu cua Jia Chun-lei s dung SAP nhay nhiét di tir Poly(N-isopropy-
lacrylamide/sodium acrylate) két hop MC, NaCl c6 d6 nhét thay doi tir 1000 mpas (20 °C) 1én
5000 mpas (90 °C) cho hiéu qua dap chay voi dam chay xiang dau dat 298s [9]. Tuy nhién kho
trién khai lwong lén vi tién chat dé tong hop 1én SAP nhay nhiét st dung N-
isopropylacrylamide (NIPAm) c6 gia thanh cao. Minggao Yu su dung SAP nhay nhiét di tir
konjac glucomannan két hop graphit boc 16p c6 LCST dat 76 °C gel tao thanh tir SAP trén c6
hiéu qua trong ngan ngura va dap tit cac dam chéy tr than, viéc sir dung graphit boc 16p giup
giam sy phat thai ndng do CO tir 1200 ppm xudng 1000 ppm [5]. Tuy nhién, chua c6 nhiéu
thong tin dugc dua ra trong linh vyc chira chay. Trong nghién ctru nay chung t6i st dung MC,
SAP va nanobentonite dé tao thanh gel compozit nhay nhiét tng dung dé dap tit dam chay loai
A. Dic trung ciu trac, d6 nhot, dd bam dinh, hiéu qua dap chay va su phat thai ndng d6 CO da
duoc dé cap dén.

2. Phwong phap nghién ciu
2.1. Héa chat

Methylcellulose (Tianjin, Trung Quéc), Bentonit tinh khiét: 56% MMT, kich thudc hat < 74
um (Binh Thuan, Viét Nam), Acrylic acid, N, N'-methylene-bisacrylamide (MBA), Potassium
peroxydisulfate (KPS), Natri hydroxide (NaOH), Sulfuric acid (H,SOg), Nitric acid (HNO3),
Sorbitan oleate (Span80), Polyethylene glycol tert-octylphenyl ether (Triton X-100) déu 1a hoa
chat Trung Qudc dugc st dung truc tiép khong qua qua trinh tinh ché lai.

2.2. Téng hep vit ligu
2.2.1. Téng hop nano bentonite (NB) va hydrogel nano compozit (SAP-NB)

Quy trinh tao NB va SAP-NB tur nguén sét Binh Thuan trong d6 SAP-NB 1a polymer siéu hap
thu nude c6 chua hat NB (1% ve khoi lugng) [10]. Theo d6 100 g bentonit (Binh Thuén) duoc
phéan tan trong 300 g hon hop H,SO, 2M va HNO; 2M (ty 1€ 1:1 veé thé tich) thoi gian vi song 10
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phut cong suét vi song 700W dé tao NB kich thuéc 200 — 300 nm. Tao SAP-NB bang qua trinh
trung hop ghép acrylic acid va NB c6 mat chat tao lugi MBA sir dung chat khoi mao KPS. Hali
san pham NB va SAP-NB duoc sy loai nudc ¢ nhiét d6 110°C sau d6 nghlen bi Véi ty 16 1:4 vé
khéi lugng (vat liéu/bi sit) thu duoc hat dang micro (<250 pm); san pham bao quan trong binh
kin. Do hap thu trong nudc cit caa SAP-NB > 300 g/g. Trong d6 kich thudc hat dugce xac dinh
bang phwong phéap sang co hoc theo bao céo ciia Miguel Gil va cong su [11]. Do hap thu nuéc
can bang xac dinh theo phuong phap trong lwong [10].

2.2.2. Tong hop gel compozit

Can chinh xac khdi luong (0,25 g — 1,0 g) hat NB rdi phan tin vao nudc cat va bd sung thém
0,14% Span80, 0,07% Triton X-100 (vé khdi lugng) str dung siéu am dau do CPX500 (500W,
20KHz, USA) trong 30 phut thu dugc hé huyén phu chtra ham luong NB tir 0,5 - 2,0%. Tiép
theo, phan tan 1,0 g SAP-NB vao 300 mL hé huyén phu trén va dé yén ty hat nude thu dugc hé
gel A. Gel B duogc chuan bi bang cach phan tan 13,0 g MC vao trong 1,0 L nudc cit tai nhiét do
80 °C. Sau d6 ha nhanh xudng nhiét ¢6 phong va khudy dén khi tao gel nhot trong suét. Bao quan
& nhiét d6 4 °C cho dén khi sir dung. Cho tir tir 300 mL gel B vao 300 mL gel A tai nhiét do 4 °C
sir dung hé thiét bi dong hoa IKA-T10 (tbc d6 7000 v/p, trong thoi gian 10 phut). Két thuc thoi
gian phan tng dé yén hon hop gel trong 12 h & nhiét do moi truong dé loai hét bot thu dugc gel
compozit. Cac mau c6 ham lugng NB khac nhau thu duge ky hiéu 1a M1 (0,25 g NB); M2 (0,5 g
NB) va M3 (1,0 g NB).

2.3. Phuwong phdp dac trung vat ligu

Cau tric cua gel compozit dugc dic trung trén may FTIR Shimadzu IRAffinity-1 (Shimadzu
Corporation, Nhat Ban) véi dai song tir 400 — 4000 cm™. D6 nhét va sy chuyén pha tai nhiét do
mdi truong dén 90 °C duoc Kiém tra trén may RheolabQC (Vién Hoéa hoc). Xac dinh LCST st
dung phuong phap DSC trong d6 0,5 g mau dugc hoa tan trong 10 mL nudc khu ion, tlep theo
ldy 50 mg dua vao coc boc kin va quét trén may TGA-DSC/DTA (1600 setram, Phap) véi toc do
quét 5 °C/phut tir nhiét d6 méi truong dén 90 °C. Kinh hién vi dién tir quét (SEM) do trén may S-
4800 (FE-SEM, Hitachi). Cac mau dwoc pha 16p mong platin dé ting do dan. PO bam dinh
(Ad%) cuia gel compozit trén bé mat go theo phuong phap trong lugng [12]. Trong dé gb thong
¢6 kich thude 4cmx4emx15cm do am 9-13% (g/g). Nhiét do xac dinh d6 bam dinh 13 90 °C.

2.4. Ddnh gid qud trinh dép chdy trén hé gel compozit

Voi phun (4mm)

] y —

S Y ,

{ € B /

Hop 1x1x1 (1m3 khi) / ' \,’_Y.( ,./
/ H X Van giam

L9 3 ap
Nhsét ké (K) ' 5 Go thomg
xép md

v/ = v
Q/‘% . . -
. 2 AT
b= /'/ L. 1 7
= /

VMT7000 ¥ / Gid d& kim Jogi

Binh chira hon bop

Hinh 1. H¢ thiét bj their nghiém ddp tdr dam chdy loai A quy mé nhé

Hé thi nghiém chira chay quy mé nhé (hinh 1) dugc xdy dung theo cac tiéu chuan vé thu
nghiém chira chay nhu: GB4066-2017, GB 17835-2008, 1SO 7202-2012, NFPA 17, ANSI/UL
299 da dugc mé ta trong cac cong trinh trude day [3], [13].
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Theo d6, gb thong mat cit vudng (4 cm x 15 cm) (46 am 9% dén 13%) duoc xép chong 1én
nhau. Mot khay danh ltra c6 duong kinh 8,0 cm va cao 1,5 cm duogc dat ngay dudi ddng gd. Hé
thong 5 cap nhiét do (T1 — T5) c6 dai do dén 1500 °C duoc thiét lap vaéi khoang cach mdi cap
nhiét do 1a 15 cm. Trong mdi thi nghiém, luong gel duoc nap vao binh 1a 2,0 L. Ap suét binh thi
nghiém duoc thiét ké & mic 2 - 6 bar véi khi day 1a nito, toc do dong phun 0,4 L/ phit. Tién hanh
thi nghiém, 150 mL n-octan dugc dat trong khay va cham lira dé gd chay trong 210 s. Sau d6 gel
dugc phun vao dam chay ¢ goc 30 hoac 90 do. Ghi lai thoi gian dap chay va quan sat sy chay lai
trong vong 5 phat. Su phat thai khi CO trong qua trinh dugc ghi lai trén thiét bi do khi Testo 317-
3 CO dai do dén 2000 ppm.

3. Két qua va ban luan

3.1. Phé FTIR va d nhét trén cdc mdu vt ligu thu dwoc
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Hinh 2. Phé FTIR (a), dé nhét tai 20 °C va 90 °C (b) ciia cdc vt lidu

Phé hong ngoai cua MC, SAP-NB, NB va gel compozit dugc trinh bay ¢ hinh 2a. Két qua cho
thiy voi mau MC, SAP-NB déu c¢6 mit cic nhom hydroxyl véi cac dinh nam trong khoang 3200-
3500 cm™. Céac dinh phd nam & 2900 cm™ dic trung cho lién két C-H va dinh nam ¢ 1082 cm™
dic trung cho lién két C-O-C trong MC va SAP-NB. Cac dinh phd ¢ 1324 va 1406 dic trung cho
dao dong udn cong ciia nhém —CH,-O-CH va dinh phd & 1611 cm™ dic trung cho dao dong kéo
dai C=C trong MC va SAP-NB [3], [14]. Di voi NB xuét hién cac dinh phd dic trung tai 1038
cm™ va 465 cm™ dic trung cho dao dong Si-O trong tir dién va dao dong udn cong Si-O [10].
Trong phd FTIR ciia cic mau gel compozit déu quan sat thiy cac dinh dic trung cia MC, SAP-
NB va NB cho thiy su hinh thanh lién két vat 1y giita ba thanh phan trén. Tét ca cac dinh déu co
cuong do nho hon ching to rang c6 mot sé lugng 16n lién két hydro duge hinh thanh giita MC,
SAP-NB va NB.

Hinh 2b cho thiy d6 nhét cua H,0 khong phu thude vao nhiét do, trong khi d6 ddi voi gel
d6 nhét tang khi nhiét d6 va néng d6 NB ting. P nhét cua mau gel tai 20 °C nam trong
khoing 230 -280 mpa.s. Nhiét ¢6 LCST cua mau gel M1 theo phwong phap DSC 1a 63 °C. Khi
nhiét d6 (90 °C) 16n hon LCST xay ra su chuyén pha caa hé thic day tuong tac ky nudc cua
cac nhom ky nuéce trong chudi phan tir dan dén do nhét tang 1én (9-10 lan). P9 nhét ting lén
lam cai thién tinh bam dinh cta gel voi bé mat vat liéu chay, tao ra 1op bao vé cach ly oxy va
lam mat nhanh dam chay [3].

3.2. Anh SEM

Hinh 3 mé ta anh SEM va d6 bam dinh cac vat liéu trén gd cho thdy hat NB c6 kich thudc 50
nm va bi két tap lai thanh tirng ddm c6 kich thuéc 200 - 300 nm. Hinh 3b, ¢ cho théy SAP-NB
sau khi sdy kho loai nu6e xuat hién mao quan nho phan bd khong dong nhat. NB hoat dong trong
mang polymer nhu mét tac nhén lién két ngang vat 1y lam tiang d6 x6p va do nham cta bé mat

http://jst.tnu.edu.vn 299 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 296 - 303

hydrogel thu dwoc [15]. i voi gel compozit ¢6 nham bé mit ting 1én khi co sy phan bd déu
giita 3 thanh phan MC, NB va SAP-NB (hinh 3d, ¢). Khi d6 nham bé mit ting s& lam ting kha
ning bam dinh gel trén bé mit cac vat liéu [16]. Két qua nay dwoc ching minh trén hinh 3f, gel
compozit cho do bam dinh tdt hon so voi su dung nudc hodc MC don 1é. Khi néng d6 NB trong
gel compozit ting d6 bam dinh giam 1a do sy lang xudng cua cac hat NB [17].

57.02 56.26

52.52

Do bam dinh(%, g/g)

) 0.0um S| Ok SE(M m f)
Hinh 3. Anh SEM (a) NB; (b, ¢)SAP-NB ; (d, e) gel compozit M1 va (f) d6 bam dinh trén gé trén
cac vat liéu tai nhiér do 90 °C

3.3. Ddanh gid qua trinh ddp chay trén hé vit ligu gel compozit
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Hinh 4. Bién thién nhiét dé qud trinh ddp chdy sir dung gel (M1) (a) va nuéc (b) trén dam chdy mé phong

Sy bién thién nhiét d6 qua trinh dap tit dam chay mo phong dugc theo ddi va ghi lai trén hinh
4,5 va bang 1. Két qua cho thay ngon lira khong bi dap tat néu chi sir dung N, véi ap sudt phun 2
bar, diéu d6 ching t6 N, khong phai 1a yéu té chinh anh hudng dén su tat ciia ngon lira. Hinh 4
va 5 cho thay thoi gian dap tat ngon lira cia mau M1 déu thap hon so vai H,0. Kha ning lam mat
cua gel M1 cling uu viét hon, trong khoang 10s sau khi bom gel nhiét 46 dam chay giam nhanh (-
241 °C) cao hon so v6i nuéc (-175 °C). Dit liéu tir bang 1 va hinh 5 cho thay thoi gian dé dap tat
ngon lira d6i v6i nudce dat 85 s va can 80 s dé lam mat dam chay. Téng thoi gian dap chay ddi voi
nuéce 1a 165 s. Khi sir dung gel thoi gian dap tit ngon lira, thoi gian 1am mat déu giam hon so véi
nude. Piéu nay duoc cho 1a gel ¢é tinh lwu dong va d6 nhét 16n hon nude do d6 chung dé dang
xam nhép sdu vao tdm va day cua dam chay do d6 d& dang lam mat va dap tit dam chay. Ca 3
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mau gel déu khong quan sat thdy hién tugng chay lai sau khi dam chay da dap tat. Két qua nay
cling twong dong vai mot so bao cao trude day [3], [18].

I'han man chay I'hon gian ngon lua bien mat Thor gian lam mat

100s 20K0s a) 2105 2405 2705 3005 3305

3005

10s 200); b) 210s 240 2905 3085

Hinh 5. Hinh anh thuc té qud trinh ddp chdy bang gel (M1)(a) va nuée (b) trén dam chdy mé phong

Bang 1. Thoi gian ddp tat, thoi gian lam mdt va tong thoi gian ddp chdy trén dam chay mé phong
(so liéu trung binh sau 3 lan thik nghiém)

Mau  Thai gian dap tat ngon lira (s)  Thai gian 1am mat (s)  Tong thai gian dap chay (s)

H.O 85 80 165

M1 69 60 129
M2 81 62 143
M3 83 71 154
Nito - - -

3.4. Ddanh gid sw hap phu khi CO trén cdc mdu gel compozit

Anh huong cua gel va nude dén su phat thai CO da dugc nghién ctu, két qua duoc dua ra trén
hinh 6. Nong d6 CO ting nhanh khi dét chay va 6n dinh (1300 ppm) sau thoi gian dét chay >
180s. Khi phun mét lugng nuéc nhat dinh vao dam chay nong d6 CO giam nhanh chéng sau do
tang 1én va 6n dinh ¢ 286 ppm. Khi sir dung cung mot luong gel dé dap chay nong do CO phat
thai 6n dinh & 222 ppm (M2), 245 ppm (M3) va 70 ppm (M1). Diéu nay c6 thé 1a do gel tao
thanh mot I6p cach ly oxy voi vat chay lam giam n(‘)ng do oxy bé mat. Ngoai ra, trong gel
compozit ¢6 chira cac hat nano bentonite ¢ dién tich bé mat lon 150 m2/g v6i thanh phan chua
oxit magie, oxit sit 1a cac chat c6 kha nang hap phu khi CO [10], [19]. Do d6 trong cing diéu

kién thir nghiém sy phat thai CO khi stir dung gel dap chay giam hon so véi su dung nudc.
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Hinh 6. Qud trinh phdt thdi khi CO trong qud trinh ddp chay sir dung gel compozit va nudc
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4. Két luan

Vit lidu gel compozit da dugc téng hop tir cac thanh phan nhu MC, SAP-NB va NB. Két qua
dic trung cho thay sy hinh thanh vat liéu compozit thong qua céc lién két hydro giita cac thanh
phan chira trong gel. Mau gel compozit M1 ¢6 tinh chat nhay nhiét (LCST = 63 °C), d6 nhét, do
bam dinh tang khi nhiét d6 16n hon LCST cua hé.

Gel thu dugc c6 kha niang dap tit dam chay gd mé phong & quy mé nhé. Trong cting mot didu
kién thi nghiém cac két qua cho thdy gel M1 ¢6 kha nang lam mat nhanh hon so véi nuéc. Tong
thoi gian dap chay, kha ning hap phu khi CO déu tét hon so véi st dung nuée dé dap chay.

Lol cam on

Céc tac gia xin cam on Vién Han lam Khoa hoc va Cong nghé Viét nam da hd tro kinh phi
cho cong trinh nay (TBPPCCC.01/21-23).
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