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NGHIEN CUU ANH HUONG CUA GRAPHITE
TRUONG NO LEN TINH CHAT CUA SON CHONG CHAY
NHAM BAO VE CHO VAT LIEU GO

Trung t4, TS TRAN VAN HUYNH

Khoa Khoa hoc co bdan va Ngoai Ngi, Truong Pai hoc PCCC
Thiéu ta4, TS LE THI HONG HIEP

Khoa Co sé nganh PCCC, Truong Pai hoc PCCC

*Téc gia lién hé: Tran Van Huynh (Email: tranhuynhsp@gmail.com)

Tém tit: Graphite trwong no (Expandable Graphite - EG) la mét logi vt liéu phu gia chong chdy vt
ly thuéc hépho”‘ng no, EG dong vai tro then chot trong viéc tao ra rao can nhiét bao vé cot liéu. Trong nghién
cltu nay ching téi nghién ciru dnh hwéng ciia khoi lwong EG lén kha nang chong chdy ciia son chong chdy
goc nue6e. Kha ndang chong chay ciia son chong chdy goc nuwde chira phu gia EG dwoc thiee hién bang phirong
phap thir nghiém theo tiéu chuin UL94-V. Két qua cho thdy son chong chay gbc nudc khi thém phu gia
graphite trwong né cé thé cdi thién thoi gian chong chdy. Kha nang chong chdy hiéu qud tot nhat khi thém
phu gia graphite tricong né vao la 1,5% theo khoi liong. Hinh hdi hoc bé mdt 16p than hod ciia 16p phii chong
chady chita phu gia graphite trwong né ciing dwoc nghién civu phan tich. Két qud nghién ciru la tién dé khao
sdt chi tiét hon vé vai tro ciia graphite tricong né trong phu gia cho son chong chay.

Tir khoa: Graphite truwong né, son chéng chay, phu gia, tiéu chuan UL94-V.

Abstract: Expandable graphite (EG) is a physical flame-retardant additive used in intumescent systems,
where it plays a key role in forming a thermal barrier to protect the substrate. This study investigates the
effect of EG content on the fire resistance of water-based fire-protective coatings. The fire resistance of the
water-based coatings containing EG was evaluated using the UL94-V test method. The results show that the
addition of expandable graphite can improve the fire-resistance performance of water-based fire-protective
coatings. The most effective fire-resistance performance was achieved with the addition of 1.5 wt.%
expandable graphite. The surface morphology of the char layer formed by the fire-protective coating
containing expandable graphite was also examined. The findings provide a basis for further detailed
investigation into the role of expandable graphite as an additive in fire-protective coatings.

Keywords: Expandable graphite, fire-resistant paints, additives, UL94-V standards.

1. Pat van dé

Mot 16p phii chong chay truong nd dién hinh
bao gdm ba thanh phan chinh, d6 1a: chat khir nudc
c6 tinh acid (phosphoric acid va boric acid, ciing nhu
este va mudi ctia chiing), thanh phan cacbon hoa da
chuc (thuong 1a glucose, erythritol va cac dan xudt

cua chung) va chét tao bot (vi du: melamine, uré,
chloroparaffin). Nhimg chit ndy, cung véi chat két
dinh va chit don truong no, tao thanh mot hé théng.
Dudi tac dung ctia ngon lira, nho tac dung hiép dong
ctia cac thanh phan riéng 1¢, khong chi cung cap cho
vat liéu duoc bao vé kha nang chéng lai ngon lra ma
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con cach nhiét chéng lai sy tding nhi¢t d§ qué murc cua
vat liéu duoc bao vé. Hé thong ba thanh phan truong
né duoc st dung phd bién nhét 1a sy két hop cua
amoni polyphosphat, pentaerythritol va melamine
(voi lugng 1én dén 25 — 30% trong luong) [1]. Ngoai
viéc lam cham su lan truyén cua dam chay, su Kkét hop
nay con lam giam lugng khi thai ra.

Céc nghién ciru trude ddy da chi ra rang cac 16p
béo vé co thé duoc diéu chinh trén mot pham vi rOng
céc tinh chat chirc nang ctia chung. Tét ca cac 16p phil
chéng chay déu dya trén nhya hitu co, chiing mat di
cac dac tinh ctia minh trong pham vi nhi¢t do 300 —
500°C. Do d6, do bén thap ciia chiing trong diéu kién
chay 1a mot hé qua truc tiép. Vi vay cac nghién ciru
huéng dén viéc diéu chinh qua trinh cacbon hoa va
duy tri do cting cua cau tric. Mat khac nhya hitu co
du dan hoi dé khong hinh thanh cac vét nirt nho trong
cac 16p trong qua trinh st dung binh thuong. Cac vat
liéu gbm sau day dugc sir dung 1am chét phu tro trong
hé thong 16p phii chong chay: bot silicat (dat sét, cat,
silica) lam tang d cing cua 16p phu truong nd, soi
(khoang, gom, thuy tinh) lam tang kha ning chiu nhiét
ctia 16p phit 1én dén 1500°C, cacbua silic (1én dén 5%)
lam gidm nhiét dg cua chat nén duoc bao vé, cai thién
d6 6n dinh nhiét va tinh toan ven ctia bot hinh thanh,
cling nhu silicat canxi va kali, oxit titan, hydroxit
nhom, borat kém hoac oxit antimon [2,3]. Nguoc lai,
viéc bo sung cac hat nano dat sét, montmorillonit,
nanosilica (v6i s6 lwong nho, 1én dén 5%), bang cach
tao thanh cac 16p thiéu két mong trong qua trinh tiép
xuc voi Itra, lam giam sy khuéch tan OXy cua chit nén
va c0 thé ngan ngira nitt, cai thién kha ning chong an
mon va chéng nude [4]. Hiéu Gng twong ty c6 thé dat
duogc nho viée bo sung cac hat nano oxit nhom, magie
aluminat va titan pyrophosphat. Viéc bd sung
zirconium silicat (1én dén 5%) lam tang ham lugng
carbon trong 16p pha x6p sau khi chay, 1am cho n6
cung hon.

Graphite trrong nd (Expandable Graphite - EG)
la mot loai vat liéu xen ké duogc tao ra bé‘mg cach xu
ly graphite tu nhién voi cac tdc nhan oxide hoa va
acid. Trong cong nghé son chéng chay, EG dugc phan
loai 14 phu gia chéng chay vat 1y thudc hé phong no,

EG dong vai tro then chdt trong viéc tao ra rao can
nhiét bao vé cdt liéu. Graphite trrong nd s& truong nd
ngay lap ttrc thanh san pham graphite dang giun khi
nhiét d6 trén 200°C do cac hop chat nim trong mang
ludi 16p bi phan hay. Thé tich t6i da dat duoc &
1100°C va thé tich cudi cing gap 150 dén 300 lan thé
tich ban dau, tao thanh mot 16p mang cach nhiét tbt
hon. Pham vi chiu nhiét cia graphite truong n¢ 1a -
200 °C dén 3600°C trong diéu kién ky khi va nd
khong bi phan huy, khong bi 140 hoa va 6n dinh vé
mat hoa hoc trong diéu kién nhiét do cao, 4p suét cao
hodc buc xa. Ngoai ra, n6 khong doc hai va khong
chtra bat ky chat gdy ung thu nao, khong gy hai cho
mai trudng [5, 6]. Graphite truong nd 1a mot chat phu
gia chdng chay tét v6i nhiéu co ché chong chay khac
nhau, c6 tac dung chéng chay va giam khoéi. Trong
nhiing ndm gan day, graphite truong né véi vai tro 1a
chét phu gia chéng chay truong nd, dang ngay cang
dugc chu ¥ trong linh vyuc vat lidu tong hop chong
chay, tuy nhién trong linh vuc son chdng chay dic
biét son chéng chay gdc nudc bao vé gd ty nhién chua
dugc nghién ctru day du. Trong nghién clru nay ching
t61 khao sat sy anh hudng ham lugng phu gia graphite
truong nd st dung trong son chdng chay gbc nude.
Son chéng chay gbc nudc chira phu gia graphite
trrong no duoc phu 1én gb tu nhién, cac mau gob tu
nhién nay sau d6 duoc thir nghiém theo tiéu chuan
UL94-V. Bénh canh d6 16p than hoa cua son chéng
chay chura phu gia graphite truong né sau khi chay
duoc phan tich b:;’mg hinh thai hoc SEM dé 1am 16 hiéu
qua truong n¢ ma graphite truong nd gay ra.
2. Ché tao vat liéu son chéng chay gbc nudc sir
dung phu gia graphite truong né
Céac hoéa chat dugc sir dung dé téng hop son
chdng chay gbc nude st dung phu gia graphite truong
nd cho gd ty nhién bao gdm ba thanh phan chinh cia
son, graphite truong nd va cac phu gia khac. Ba thanh
phan chinh cta hé son gbc nudc gdbm: Ammonium
polyphosphate (APP), cong thirc hda hoc: [NH4PO3],
véi n > 1000; Pentaerythritol (PER), cong thirc phan
tir: CsH1204, khdi lwgng mol 136,15 g/mol; Melamine
(MEL), cong thtc phan tir CsHsNs, khdi lwong mol
126,12 g/mol. Céac phu gia khac gébm: chat trg phan
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tan Fatty Alcohol Ethoxylate 8 (FA8); chit tao tring
TiOz; chat pha bot (EG-S926); chat chdng ling
Bentonite; chat tao dic Carbonxyl methyl cellulose
(CMC). Céc hoa chit nay duoc phan tan trong nudc
cung véi chit tao mang Ethylene Vinyl Acetate
Copolymer (EVA) dé tao nén son chong chay hé nudc
cho gb ty nhién.

Chuén bi nguyen vat liéu theo ti 1€ xac
dinh

méu gd kho ty nhién trong 2-3 ngay tuy didu kién thoi
tiét; (5) thir nghiém kha ning chng chay theo tiéu
chuén UL94-V.

Bdng 1: Thanh phan cdc nguyén vit liéu trong cdc mau son.

Ti 1& % vé khdi luong

>

Tron va khuay bang may déng hoa téc
dd 6000 vong/phut trong tho gian 1 gi¢

-

- - 3
Son phu hén hop thu dwoc lén thanh go
thong kich thwde (125x13x13) mm
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Pé mau gb khoé tir nhién trong 2-3 ngay

. A

F' j ™
Thir nghiém kha nang chong chay theo
ti€u chuan UL94-V

Hinh 1: So' do cdc budt ché tao va thir nghiém.

Cac thiét bi duoc sir dung dé tong hop son
chéng chay hé nudc sir dung phu gia graphite truong
né cho gb tur nhién bao gdm: cdc thuy tinh céc loai;
can dién tir; binh tia nudc cat; diia thuy tinh; may
ddng h6a mau tc d6 cao Model AD500S-H loai hién
thi tc d6 (may khay); chdi son; gia dit mau; cac mau
g thong c6 kich thude (125x13x13) mm.

Quy trinh ché tao va thir nghiém kha ning
chdng chay cua gb tu nhién dugc phu son chong chay
gbc nudc chira phy gia graphite truong né duoc tién
hanh theo cac budc nhu trong Hinh 1, cu thé gdm: (1)
chuan bi nguyén vat liéu theo ti 1& xac dinh; (2) tron
va khudy bang may dong héa mau téc do cao véi tde
d6 6000 vong/phut trong thoi gian 1 gid dé tao thanh
hdn hop dong nhat; (3) son pha hdn hop thu dugc 1én
thanh gb thong kich thude (125x13x13) mm; (4) dé

Mau
Mo M1 | M2 | M3 Mz | Ms
APP 18 18 | 18 | 18 18 | 18
PER 7 7 7 7 7 7
MEL 7 7 7 7 7 7
EVA 8 8 8 8 8 8
Nudc 53 53 | 53 | 53 53 | 53
EG 0 0,5 1 1,5 2 2,5
Khac 7 6,5 6 55 5 4,5

Kha ning bao vé cach nhiét ctia son chong chay
dugc thtr nghiém theo phuong phép do chay dung
UL94-V, phuong phap thir nghiém kha ning chéng
chay cua vat liéu khi thir nghiém véi ngon Itra theo
phuong doc, dugc ap dung dua theo tiéu chuin
ASTMD 3801 nhu chi ra & Hinh 2. Méu thtr dugc dat
thang ding ¢ dinh mot dau boi gia d5. Dat ngon lira
c6 chiéu cao trung binh 20 mm dudi dau mau trong
10 gidy (mdi ltra 1an 1), sau d6 dua ngon lira ra ngoai,
ghi nhan thoi gian chay lan mot cia mau cho dén khi
tt. Ngay lap tirc dat ngon lua vao dau mau thuc hién
thao tac lan hai (moi ltra 1an 2), tiép tuc ghi nhén thoi
gian chay ctia mau. Do 5 mau, ghi lai thoi gian chay,
thoi gian phat sang sau khi chay, kha nang chay toi
da, va su nhé giot cta vat liéu néu co.

|
|
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3. Két qua thao luin

Thoi gian chay cua cac mau go thir nghiém kha
ning chéng chdy theo phuong phap d6 chay ding
UL94-V duogc trinh bay trong Bang 2.

ML ‘Téng ‘théyi gian chay (giéy) ‘
Saumoi lralan1 | Sau moi lta lan 2

Mo 6 42

M1 0 25

M; 0 15

M3 0 9

My 0

Ms 0

Tir két qua tong hop ¢ Bang 2 c6 thé thay tat ca
cac mau gd dugc d6t thir nghiém déu dat theo tiéu
chuan chéng chay UL94-V (tong thoi gian bat chay
sau 2 1an dot chay nho hon 50 gidy). Tuy nhién voi
mau MO tong thoi gian chay 1a 16n nhat (42 giay), v6i
cac mau dugc phit mang chdng chay véi ham lugng
phu gia graphite truong né ting dan thi tong thoi gian
bat chay giam dan. Khi ham lugng graphite truong nd
trong son chong chay 13 0,5% tong thoi gian bat chay
theo két qua thir nghiém 1a 25 gidy, khi ham lugng
graphite truong nd trong son chdng chay ting 1én 1%
thi tong thoi gian chay theo két qua thir nghiém giam
nhanh xuéng con 15 gidy. Tiép tuc ting ham lugng
graphite truong né trong son chéng chay 1én 1,5%;
2% va 2,5% thi tong thoi gian chay theo két qua thu
nghiém tiép tuc giam nhung cham va c¢6 xu hudng bio
hod. Nhu vay c6 thé thay khi ham lwong graphite
truong nd trong son chdng chay ting dén 1,5% thi tac
dung chéng chay cta son chéng chay gan nhu bio
hoa. Mac du ham lugng graphite truong no cang cao
thi kha niang chdng chay cang tdt, tuy nhién ham
luong graphite ting dan dén anh hudng dén do két
dinh, 6 nhin bé mit cua 16p son chdng chay. Do d6
ham lugng graphite truong nd 1,5% trong son chdng
chay 1a ty 18 t6i wu. Hinh anh cac mau gd sau khi dbt
trong Hinh 3 cho thiy phan bi ngon lira tic dong,
mang phu di truong phong do d6 ngin can nhiét
truyén dén bé mat gb. Pé hiéu rd anh hudng cua
graphite truong nd 1én cac 16p truong phdng, anh

SEM ciia phan truong phdng ctia cac mau gb trude va
sau khi d6t da dwoc thuc hién va trinh bay trong Hinh
4,5, 6.

Hinh 3: Két qud thir nghiém chay theo tiéu chudn UL94-V, C4c
hinh a, b, ¢ lan lwvot la cac mau Moy, M1, Ms.

Hinh 4 trinh bay anh SEM cua l6p phu son
chéng chdy miu M3 khi chua dot thir nghiém. C6 thé
thdy 16p son twong d6i mong va dong déu (chua dén
100 pm), 16p son phu lién két tot v6i bé mat gd. Hinh
5 va hinh 6 trinh bay anh SEM cua 16p than hoé cua
16p son phu sau khi d6t thir nghiém. C6 thé thay khi
chiu tac dong nhiét, 16p phu bi truong phong manh,
do d6 can tro sy tdc dong nhiét Ién bé mit 20, bé mit
gd khong bi nhiét tac dong nhiét. Do c¢6 phu gia
graphite truong nd, 16p than hod cta son chéng chay
sau khi thur nghiém ddt xuat hién cac khung carbon,
cac khung carbon nay déng vai tro nhu mot khuon
mau 6n dinh nhiét, dong thoi thiic day su hinh thanh
nhiéu 16p than chong 1én nhau. Hiéu ing nay ting
cudng kha ning can trd su truyén nhiét tir ngon lira
dén bé mit gd.

IME-NKL 2.0kV 4. 9mm x500 SE(M) 10':]urr;

Hinh 4: Anh SEM ciia I6p son chong chéy phit lén bé mdt gé
ciia mau Ms truée khi dot.
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IMS-NKL 2.0kV 6.3mm x200 SiEn:M)
Hinh 5: Anh SEM & d6 phéng dai 200 lan cia I6p son chong
chdy phii lén bé mat gé ciia mau Mz sau khi dot.

_rl
7

IMS-NKL 2.0k 6. 7mm x2.00k SE{M)

Hinh 6: Anh SEM 6 @6 phéng dai 2000 lan ciia [6p son chéng
chdy phii [én bé mat g6 ciia mau M3 sau khi dot.
4. Két luan
Trong nghién ctru nay, chung toi di ché tao

thanh cong son chéng chay gdc nude sir dung phu gia
graphite truong ng va thir nghiém kha niang chdng
chay trén gd tu nhién theo tiéu chuan UL94-V. Céc
ham luong khac nhau ctua phu gia graphite truong no
d3 duoc khao sat dé 1am rd sy anh hudng cua graphite
truong nd d6i vai kha ning chdng chay cua son khi
phu 1én gd tu nhién (gb thong) theo tiéu chuan UL94-
V. Phuong phap anh SEM di duoc sir dung dé phan
tich va giai thich cac két qua thir nghiém. Két qua cho
thiy graphite truong né c6 tac dung ting cuong kha
nang chdng chéy cua son chéng chay, véi ham luong
graphite tur 1,5 % tr¢ 1én tac dung cia no da dat bao
hoa. Két qua nghién ciru ndy cung cap mot giai phap
tang cuong kha ning chdng chay cho céc két ciu gb
tu nhién sir dung vat liéu than thién moéi truong.m
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