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TOM TAT
Trong bai bdo nay, ching t6i sé trinh bay két qua nghién ciu vé danh hwéng cia phu gia

Al(OH); va nanoclay lén tinh chdt cia son chong chay kiéu trieong né trén co sé nhia epoxy.
Tinh chdt ciia son chong chdy dwoc khdo sat bang kinh hién vi dién tir quét (SEM), phé hong
ngoqi bién doi Fourier (FTIR), pho tan xa nang luong tia X (EDS), phan tich nhiét trong hrong
(TGA). Ket qua nghién cuu chi ra rang mau son ¢6 bo sung 5% Al(OH)s lam giam nhiét do mdt
sau ciia tam thép la 98 °C so voi mdu son chong chady khéng c6 phu gia. Ngodi ra, do truong no
va hdm‘ lwong tro (than) cua mau son chéng chay khiNtrén them 5% Al(OH)3 sau khi dot lan luot
la 21 lan va 17,42% dwoc cai thién dang ké so voi mau khong co phu gia co gia tri twong ung la
10 lan va 12,61%. Nhu vay, AI(OH)3 la phu gia thich hop dwoc sir dung dé cai thién tinh chat
cua son chong chdy nham bdo vé cho vt liéu thép dudi tac dong cua dam chay.
Tir khoa: Son chdng chay; Al(OH)s; Nanoclay; Vit liéu thép.

1. MO PAU

Thép duoc st dung phd bién trong cac cong trinh xdy dung dan dung va cong nghiép do
cuong do chiu luyc 16n, d& thi cong. Thép la vat liéu khong chay nhung nd mat khoang 50%
cuong d6 chiu luc khi bi nung ndng trén 500 °C [1]. Do d6, can c6 bién phap dé bao vé cho két
céu thép trong cac cong trinh xay dung tranh bi sup d6 khi c6 chay xay ra.

Son chéng chay kiéu trwong nd co thanh phan chinh gdm: (i) chét tao carbon (tro) nhu
Pentaerythritol, dextrins,...; (ii) chat tao axit nhu ammonium polyphosphates (APP), melamine
phosphate,...; (iii) chat tao khi nhu melamin (MEL), urea,...; (iv) chit tao mang nhu polyvinyl
axetat, epoxy va (v) cac chét phu gia [2, 3]. Loai son nay ¢ wu diém 1a chét lugng bé mat mang
t6t, d& thi cong, tinh thAm mi cao, d& sir dung cho nhiéu bé mit vat liéu khac nhau. Tuy nhién,
han ché cuia né 1a duéi tac dong nhiét ctia dam chay s& tao thanh 16p than (tro), chung dé bi v& va
d6 bam dinh cua 16p than (tro) v6i bé mat vat liéu thép kém, diéu ndy anh hudng dén kha ning
bao vé cta 16p son. Do d6, cac nghién ctru gan day tap trung vao viéc khic phuc nhitng han ché
ctia son chéng chay nham cai thién kha ning bao vé vt liéu thép.

Str dung phu gia dé cai thién tinh chat ctia son chdng chay da thu hat dugc nhiéu sy quan tam
nghién ctu trong thoi gian gan day [4-6]. R. Puri et al. [7] d4 st dung zirconium silicate dé cai
thién tinh chit cua son chdng chay trén co s APP-PER-MEL va ethylene vinyl acetate. Y.
Evtushenko et al. [8] dd nghién ctru anh huéng cta aluminum hydroxide 1én tinh chit cua son
chéng chay sir dung chat tao mang 1a polyvinyl axetat. Chuang et al. [9] dd khao sat anh hudng
clia nanoclay t6i tinh chat cta son chng chay trén co so nhua styrene-acrylic. J. Kuar et al. [10]
da nghién ctru anh hudng ctia bentonite clay 1én d6 bam dinh giita 16p than (tro) véi bé mat thép
ctia son chdng chay st dung nhya epoxy. Cac nghién ctru trén da su dung cac loai phu gia khac
nhau dé cai thién tinh chat cua son chéng chdy, tuy nhién, theo hiéu biét cua tic gia, chwa co
nhiu cong trinh nghién ctru anh huéng ciia AI(OH); va nanoclay 1én tinh chit ciia son chng
chay trén co s¢ nhua epoxy. Trong nghién ciru nay, chung t6i khéo sat anh hudng cua AI(OH);
va nanoclay 1én tinh chét ciia son chdng chay sir dung vat liéu APP-PER-MEL va nhya epoxy dé
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bao vé cho vat liéu thép. Tinh chat chong chay, ciu trac, thanh phan cta 16p than (tro) va su
phéan huy nhiét cia mang son dugc khao sat bang céac k¥ thut phan tich SEM, EDS, FTIR, TGA.
2. THUC NGHIEM
2.1. Nguyén li¢u va héa chat
Son chdng chay kiéu truong né duge ché tao tir cac nguyén liéu, hoa chat sau: Ammonium
polyphosphate (APP, NH,(POs), v6i n > 1000) duoc cung cap boi Shifang Changfeng Chemical
Co., LTD., Trung Quoéc. Pentaerythriol (PER, C3HsNg, MW = 126.12 g/mol), Melamin (CsH;,0y4,
MW = 136.15 g/mol) dugc mua tr hang Sigma-Aldrich. TiO,, Al(OHs), axeton dugc mua tir
Trung Qubc. 'Nanoclay (hydrophilic bentonite) dugc cung cap boi Sigma-Aldrich. Nhya epoxy
dugc cung cip boi hing Dow Chemical, Viét Nam. Chat dong rin dwoc mua cua hang Evonik,
Singapore va nudc tinh khiét. Tat ca cac hoa chat duoc st dung khi mua vé ma khong c6 thém
bat ky qua trinh lam sach nao. Thanh phan cac nguyén li€u, héa chat dugc chi ra trong bang 1.
Bing 1. Thanh phan ciia son chong chay kiéu triwong né.

Thanh phin % vé khdi lwong

Mauw  \pp PER  MEL TiO, Epoxy doigartén Al(OH);  Nanoclay
M1 11,76 588 11,76 58 4342 21,71 0 0
M2 11,76 588 1176 58 40,16 20,08 5 0
M3 11,76 588 1176 58 40,16 20,08 0 5
M4 11,76 588 1176 58 40,16 20,08 2,5 2,5

2.2. Quy trinh ché tao son chdng chay

Quy trinh ché tao vat liéu duoc tién hanh theo cac bude sau: trude tién hon hop cé thanh phf?m
nhu trong bang 1 tron voi nudce tinh khiét va duge phan tan bang may khudy véi toe do 1000
vong/phiit trong thoi gian 1 gid dé tao thanh hdn hop dong nhat. Sau do, cho chat dong ran vao
hdn hop trén va khudy trong 15 phit. Cudi cing, cho nhwa epoxy vao va tiép tuc khudy trong 5
phut s& thu duoc son chong chay.

Vat liéu ché tao xong dugc quét béng chdi son
lén bé miat tim thép c6 kich thudc 10x10x0,1
(cm) da dugc 1am sach bang gidy giap va dung
mdi nham ting d6 bam dinh ciing nhu loai bo cac
chat bam trén bé mat. Mang son dé kho tu nhién
trong 7 ngay, sau d6 dem di khao sat tinh chat
ciia n6. Chiéu day ciia mang son duoc do bang
thiét bi x4ac dinh d6 day GM 200A-Benetech.

2.3. Phwong phap nghién ciru tinh chit cia
son chéng chay

2.3.1. Nghién cuu kha nang bao vé vat liéu thép
ciia son chong chdy

Kha ning bao vé cta 16p son chdng chay dugc
thyc hién bang thiét bi dét kiéu Bunsen (theo tiéu  Hinh 1. Thiét bi danh gid kha ndng bao vé
chuin ASTM E119) nhu chi ra ¢ hinh 1. TAm thép ciia mdu son chong chay.
sau khi pha 16p son chéng chay dwoc dbt bang
ngon lira sir dung khi gas (LPG). Khoang cach tir dau dbt dén tAm thép 1a 7-8 cm va tdc do chay
khi gas khoang 160-180 g/gi0, tuong tmg vdi nhiét do ngon lira khoang 950 °C. Nhiét do mit sau
tam thép duoc do bang cap nhiét dién kiéu J. Mau duogc ddt trong 60 phut dé khao sat sy thay doi
nhiét d6 mit sau ciia tim thép nhim dénh gia kha ning bao vé clia son chdng chay.
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2.3.2. Nghién ciru hinh thdi, cdu triic va thanh phan ciia 16p than (tro) sau khi dot

- Hinh théi, cau triic cua 16p than (tro) sau khi dt duoc khao sat bang kinh hién vi dién tir
quét (SEM) trén may JEOL JSM 6500F (Nhat Ban).

- Phd hong ngoai bién dbi Fourier (FTIR) cua 16p than (tro) sau khi a6t duoc khao sat trén
thiét b1 JACOS 4700. Thanh phén cia cac nguyén t6 trong l6p than (tro) sau khi d6t dugc xac
dinh bang pho tan xa nang lugng tia X (EDS) trén thiét bi JEOL JED 2300.

2.3.3. Nghién ciru su phdn hity nhiét ciia mang son chong chdy

Sy phan hity nhiét clia mang son chong chéy dugc khao sét bang thiét bi phan tich nhiét trong
luong (TGA) Labsys, Setaram (Phap) vdi toc d§ gia nhiét 1a 10 do/phat trong moi truong khong
khi va dai nhiét @ do tir nhiét do phong tGi 900 °C.

3. KET QUA VA THAO LUAN
3.1. Két qua khao sat kha niing bio vé tAim thép ciia mang son chdng chay

Nhiét d§ mat sau cua tAm thép phu son chéng chdy duoc bi’éu dién trén hinh 2a. Sau khi dét
cac mau son trong 1 gio, nhiét do mat sau cta cac mau son chong chay M1, M2, M3 yé M4 lan
luot 1a 383, 295, 353 va 337 °C. Mau M1 khong ¢6 phu gia nén nhiét d6 mat sau cua tam thép la
cao nhat (383 °C) trong khi cac mau con lai c6 chira phu gia 1a AI(OH); va nanoclay thi nhiét do
mit sau clia tim thép déu giam dang ké. Mau M2 chira 5% Al(OH); c6 nhiét do mat sau cua tam
thép thip nhat va giam dén 98 °C so voi mau M1 khong chira phu gia, trong khi mau M3 chira

5% nanoclay thi nhiét d6 mat sau cua dé giam 30 °C so v6i mau M1 va mau M4 chia 2,5%
AI(OH); vdi 2,5% nanoclay thi nhiét d6 mat sau tim thép giam 46 °C so véi mau M1.
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Hinh 2. S thay déi nhiét do mat sau cia tam thép theo thoi gian (a)
va dg trrong né ciia cdc mau son chong chdy (b) sau khi dot trong 1 gio.

Do truong né cua mang son dugc xac dinh bang ty sb cua chleu day 16p than (tro) sau khi ddt
v6i chiéu day mang son trude khi dot. Do truong nd cla cac mau son chéng chay sau khi d6t
dugc trinh bay trén hinh 2b. Két qua nghién ctru chi ra rang, mau M1 c¢6 do truong né 1a 10 lan
trong khi d6 trrong né ctia mau M2, M3 va M4 lan luot 14 21, 13 va 15 lan. Két qua nay ciing
phu hop véi két qua khao sat sy thay d6i nhiét d6 mat sau ciia tim thép khi dot da dugc chira &
hinh 2a. Két qua nghién ciru mét lan nira cho thiy, mau c6 thém phu gia AI(OH); va nanoclay c6
d6 truong nd cao hon mau khong co phu gia (mau M1). Pidu nay dugc giai thich 1 do thém phu
gia s& lam cho cac chit khi thoat ra bi giit lai trong 16p than (tro), dan dén do trwong né s& ting
1én [7]. Nhu vy, tir két qua nghién ctru c6 thé két luan rang, thém phu gia AI(OH); va nanoclay
s& cai thién kha nang bao vé clia mang son chong chay d6i véi vat lidu thép khi chay xay ra.

3.2. Két qua khdo sat hinh thai, cAu tric cia 16p than (tro) sau khi daot
Hinh thai bé mit ctia cac mau son chong chay sau khi d6t trong 1 gio dwoc chi ra trén hinh 3.
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Hinh 3. Anh quang hoc cdc mau son Hinh 4. Anh SEM méu son sau khi dot:
sau khi dot: a(M1), b(M2), ¢(M3) va d(M4). a(M1), b(M2), c(M3) va d(M4).

Tir két qua hinh 3a ta d& dang nhan thay, bé mit 16p than ctia mau M1 bi v&, c¢6 nhiéu vét nirt
to, chinh vi diéu nay s& lam giam kha ning bao vé cua 16p than (tro) dudi tic dong nhiét ctia
ngon ltra. Do d6, nhiét d6 mit sau ctia tim thép miu M1 sau 1 gid dbt 1a cao nhat. Ngoai ra, cac
mau con lai sau khi d6t tao thanh mot 16p than (tro) x6p, it vét ntt va khong bi v (hinh 3bed).
Nhu vay, st dung phu gia Al(OH); va nanoclay s€ gitp cai thién do bam dinh ctia than (tro) véi
nhau va v6i bé mit tim thép, gitip cho 16p than it bi nit va v, dong thoi ting kha ning bao vé
ctia 16p than (tro) dudi tac dung cua ngon lira khi dét.

Dé tim hiéu c4u trac bén trong clia 16p than (tro), chiing t6i tién hanh chup anh hién vi dién tir
quét (SEM) cac mau son chéng chay sau 1 gio dbt, két qua duogc chi ra trén hinh 4. Trén anh
SEM c6 thé quan sat thdy, mau M1 sau khi dot thi than (tro) bi v& thanh cdc manh nho (hinh 4a)
thé hién kha nang lién két cia than (tro) khong tot nén bi v& dudi tac dung ctia ngon lira. Trong
khi cic mau M2 va M3 thi than (tro) tuong dbi xdp, lién két véi nhau thanh khdi, va khong bi v
dudi tac dong cua ngon Itra, chirng té d6 bam dinh cia than (tro) dugc cai thién khi trdn phu gia.
3.3. Két qua khio sat thanh phén ciia than (tro) sau khi dét

Bing 2. Thanh phan cdc nguyén to trong I6p than (tro) ciia mau son sau khi dot.

Thanh phin % vé khéi lwong ciia cic nguyén tb

Miu . .

C @) P Ca Al Ti Si P/O
M1 63,01 29,89 4,75 1,26 0 1,09 0 0,15
M2 48,28 24,28 12,59 3,98 2,73 8,14 0 0,51
M3 58,36 27,13 8,37 2,35 0,49 2,13 1,16 0,31
M4 38,60 32,76 10,38 5,55 1,02 9,02 242 0,31

Két qua khao sat thanh phan ctia than (tro) sau khi d6t cac mau son chéng chiy bang phd tan
xa nang luong tia X (EDS) duogc chi ra trong bang 2. Tir bang 2 ¢6 thé thay khi thém phu gia
Al(OH); va nanoclay thi ham luong cuia cac nguyén t6 Al, Ti, Ca trong than (tro) déu ting so voi
mau M1. Piéu nay duoc gii thich do khi 16p son bi dot nong, cac chat nay s& phan tng v6i hop
chat ctia phosphorus va silicon tao thanh phosphor silicate, sau d6 chat nay truong nd va tao ra
chu trac x8p do cac chét khi thoat ra tir qua trinh phan huy nhiét cua cac thanh phan trong son
chdng chay [11]. Do d6, d6 bam dinh cua than (tro) voi dé thép s& duoc cai thién nén kha ning
bao vé dé thép ciing tang 1én.

Thanh phan ciia cdc nguyén to trong miu son sau khi dét dwoc nghién ctru bang phd FTIR,
két qua duoc chi ra trén hinh 5. Mau M1 c6 dinh hip thu tai 598 cm™ tuong tng v6i dao dong
cta lién két O-P-O do phan huay nhiét caa APP [12]. MAu M2 c6 dinh hip thu tai 1078 cm™
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tuong ng véi dao dong hoa tri cua P-O trong lién két P-O-C [7] va mau M3, M4 con ¢ dinh
hap thy tai 918 cm™ twong tng voi dao dong cuia Si-O [13]. Két qua khao sat FTIR ctia cic mau
¢6 chira phu gia sau khi d6t khiang dinh sy c6 mit cua lién két Si-O, P-O-C s& giup do bam dinh
ctia than (tro) véi bé mit thép duoc cai thién, do d6 kha ning cach nhiét sé& t6t hon.
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Hinh 5. Phé FTIR ciia son chong chdy: Ml (a) va M2 (b).

3.4. Két qua khao sat sy phan hity nhiét cia mang son chdng chay

Két qua phan tich nhiét cic mau son chdng chay dugc chi ra trén hinh 6.
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Hinh 6. Gidn dé phan tich nhiét TGA (a) va DTG (b) ciia mdu son chong chay.

Két qua phan tich nhiét trong luong (TGA) cua cic mau son chdng chay M1, M2, M3 va M4
c6 ham luong than (tro) sau khi dét 1an luot 1a 12,61; 17,42; 16,92 va 17,11%. Nhu vay, ham
lwong than (tro) sau khi dét ting 1én khi tron thém phu gia AI(OH)g va nanoclay, diéu nay c6 thé
ly giai do su twong tac ciia phu gia voi cac thanh phan trong son chong chay va tao thanh lop
than (tro). Do d0, viéc bo sung thém Al(OH); va nanoclay s& gitip cho kha ning bao vé chong
chay cua son chdng chay ciing dugc cai thién.

4. KET LUAN

Trong bai bao nay, chiing t6i da ché tao thanh céng son chng chay kiéu truong nd trén co s6
nhwa epoxy va khao sat anh huong cua phu gia Al(OH)s, nanoclay Ién tinh chat cua son chong
chay. Két qua nghién ctru chi ra rang, mau son chéng chay bd sung thém 5% Al(OH); the hién
tinh chat chong chay tdt nhit so v&i cac mau con lai. Sau khi dét 1 gi0, nhiét do mat sau tam thép
clia mau son thém 5% AI(OH); giam 98 °C so v6i mau khong cé phu gia. Ngoai ra, két qua do
TGA chi ra rang, mau M1 c6 ham luong than (tro) 1a 12,61% trong khi mau M2 ¢6 ham luong
than (tro) 13 17,42%, diéu nay dan dén su cai thién vé kha ning chdng oxy héa cua 16p tro trong
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mﬁ}l M2 so v6i M1. Nhu véy, A(OH); 1a phu gia c6 thé duoc st dung nham cai thién tinh chat
chong chay cta son chong chay trén co sé nhua epoxy nham bao v¢ cho vt li¢u thép.
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ABSTRACT

Effect of additives on fire protection performance of epoxy-based
intumescent retardant coating for steel application

In this paper, we will investigate the influence of Al(OH); and nanoclay on the fire
performance of epoxy-based intumescent retardant coatings. The fire protection
properties of the intumescent retardant coatings were characterized by a scanning electric
microscope (SEM), Energy dispersive X-ray spectroscopy (EDS), Fourier transformation
infrared spectroscopy (FTIR), and Thermal gravimetric analysis (TGA). The results
showed that, the sample added 5% AI(OH); decreased the plate’s backside temperature of
98-degree celsius compared to the control sample. Besides, char expansion and char
residue of the sample added Al(OH); have values of 21 times and 17.42% respectively
while these values of the control sample have 10 times and 12.61%. Therefore, AI(OH); is
the most suitable candidate for improving the fire performance of the epoxy-based
intumescent retardant coating for steel application in case of fire.

Keywords: Intumescent retardant coating; Al(OH);; Nanoclay; Steel.
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