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SUMMARY

ANALYZING TOXIC EFFLUENTS GENERATED FROM THE COMBUSTION OF
FIRE-RESISTANT COTTON TEXTILE

This paper reports on the analysis of toxic effluents generated from the combustion of fire-resistant cotton
textile in normal atmosphere, which would reflect on the potential content of toxic fumes released from the
combustion of fire-resistant cotton textile during fire accidents. In particular, this study utilized the modern
method of gas chromatography coupled mass spectroscopy (GC/MS) to analyze volatile chemicals
generated from the combustion of two types of cotton textile - which are untreated commercial cotton textile
and cotton textile treated with commercial Pyrovatex CP fire retardant. Experimental results showed that,
the combustion of both commercial cotton textile acquired in Vietham and cotton textile treated with
commercial Pyrovatex CP fire retardant released a number of various toxic volatile aromatic compounds,
including both simple derivatives of benzene and other more complex polycyclic aromatic hydrocarbons
(PAHSs), which could pose significant risk to the health of human and the ability of people to safely evacuate
from fire accidents. Interestingly, the use of Pyrovatex CP fire retardant showed to promote the release of
more-toxic aromatic effluents, while also suppressed the release of less-toxic aliphatic compounds. Such
results should be considered during assessment of fire-resistant materials, so that to ensure the health and
safety of people during fire accidents.
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1. DAT VAN PE hon nhiéAu ) vfyi \ngang nong do oxy gic’yi har?

R . trong khong khi 1a 21%. Ngay ca vai soi len véi
Tir xa xua, hoa hoan van luén duoc coi la mot moi chi sé LOI 1én t6i 23% ciing chi duoc coi 12 kho
de doa 16n nhat doi véi cugc song con nguoi, Véi bét chay, va khong thé vuot qua dugc cac bai kiém
kha nang tao thanh ton that vo cung nghiém trong tra vé tinh chéng chay déi vai vat ligu [6].

ca vé nguoi va tai san [1-3]. Trong do, vat liu
bang vai soi - ma dac biét 1a vat liéu bang vai sgi
cotton, mic du s hiru nhiéu wu diém ndi bat va
duogc st dung trong nhiéu linh vuc khéc nhau cua
doi sdng, tuy nhién cling ton tai nhuoc diém 13 rat
d& bét chéay va duy tri sy chay, tao thanh nguy co
rat I6n ddi véi su an toan cua con ngudi khi xay
ra hoa hoan [4-5]. Cu thé, vai soi cotton thuong
chi ¢6 chi s6 oxy gidi han (LOI) khoang 18%, thap

Nham giai quyét van dé nay, nhiéu phuong phap
tang cudng tinh chat chdng chay cho vat liéu vai
s¢i noi chung, ciing nhu vai sgi cotton noi riéng,
da dwoc phat trién, trong do thong dung nhat 1a
phuong phap ngdm tim - bién tinh bé mat soi va
phwong phap trang phu bé mat vai [7-8]. Béi véi
vai sgi cotton, phuong phap ngam tam — bién tinh
bé mit soi dwoc sir dung rong rdi hon ca, boi



phuong phap nay cho phép duy tri dwgc phan Ion
cac uu diém ndi bat khac cua vai soi cotton nhu
kha nang thoang khi, tinh tham my, v.v.

Tru6e déy, cac loai phu gia goc halogen thuong
dugc sir dung nham tang cuong tinh chat chong
chdy cho vai soi cotton, bai ching cho hiéu qua
xtr ly chdng chay rat tét, gip han ché sy chay cua
vt lidu thong qua co ché phan huy nhiét tao nén
céc san pham dang khi kho chdy, tir &6 ngan chan
su tiép xdc giira khi oxy va nhién li¢u chay. Tuy
nhién, cho dén nay thi nhém phu gia chéng chay
nay di gan nhu bi cAm sir dung, do cAc san pham
phan huy nhiét cia chdng tiém an nguy co rat 16n
dbi vai stic khoé con nguoi [9-10]. Thay vao do,
cac loai phu gia hoa hoc giau nguyén té nitrogen
(N) va phosphorus (P) nhu Pyrovatex CP, Proban
CC, v.v. dang ngay cang dugc St dung rong rai,
do chung ciing s¢ hitu kha ning tang cuong tinh
chit chdng chay tot va an toan hon véi suc khoé
con nguoi [11].

Mic du véy, cho dén nay van chwa c6 nhiéu
nghién ctru lién quan dén vén dé phan tich céc
thanh phan dang khi sinh ra tir qué trinh d6t chay
vt liéu vai chdng chay xu Iy bang phu gia hoé hoc
néi chung, va vat liéu vai chéng chay xu ly bang
phu gia Pyrovatex CP ndi riéng. Mot sé nghién
ctru trude d6 méi chi chu yéu tap trung vao phan
tich phét hién thanh phan cac nhoém san pham
phan huy nhiét quan trong nham xéac dinh co ché
phan huy nhiét cua vai soi cotton chéng chay, ma
chwa di sdu vao phan tich cy thé thanh phan san
pham dang khi dugc sinh ra tir qua trinh nay [12-
13]. Gan déay, mot s6 nghién ctru da dugc thuc
hién nham phan tich cu thé thanh phan san pham
dang khi sinh ra tir qua trinh d6t chay va phan huy
nhiét vat liéu vai soi chdng chay, tuy nhién chua
¢6 nghién ctru nao duoc thyc hién trén ddi twong
vai sgi cotton xtr ly bang phu gia Pyrovatex CP
[14-15].

Trong bao c4o nay, phwong phap phan tich Sic ky
khi ghép néi khdi phd (Gas Chromatography
coupled Mass Spectroscopy - GC/MS) dugc su
dung nham phan tich thanh phan dang khi sinh ra
tir qua trinh ddt chay vai soi cotton chua qua xur
1y, cing nhu vai soi cotton chéng chay xt ly biang
hé phu gia Pyrovatex CP, dé tir d6 thu duoc cai
nhin 16 nét hon vé tinh an toan cua loai vat liéu
nay trong diéu kién sir dung thuc té.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén ligu

Vai sgi cotton 100% xuat xtr Viét Nam da qua tay
tring so bo, dinh luong 145 g/m2 Hé phu gia
chbng chéay Pyrovatex CP bao gom: phu gia chdng
chay Pyrovatex CP (Huntsman, Hoa Ky), phu gia
tro gia cong Fixapret CPN (BASF, buc), phu gia
tang thim JFC (Zibilon Chemical, Trung Quéc),
cung phu gia trg gia cong HzPO4 85% va NaOH
(Merck, Dirc). Nudc cat st dung trong thi nghiém
duoc san xuét truc tiép tai Trung tim Nghién ctu
va Chuyén giao cong nghé (Vién Han 1am Khoa
hoc va Céng nghé Viét Nam.

2.2. Phwong phap ché tao miu vai sgi cotton
chéng chay

Sau khi tham khao tai liéu lién quan [16] va khao
sat so bd nham xac dinh cac diéu kién phu hop
nhat, mau vai cotton xu ly chéng chay bang hé phu
gia chdng chay Pyrovatex CP dwoc chuan bj theo
nhitng budc co ban nhu sau:

- Pau tién, dung dich ngam tim duoc chuan bj véi
thanh phan bao gom: phu gia Pyrovatex CP 400
g/L, phu gia Fixapret CPN 45 g/L, phu gia JFC 2
g/L, va dung dich HsPO4 85% 13 g.

- Sau d6, mau Vai sgi cotton da qua lam sach dugc
nhing vao dung dich ngadm tim trong vong 30
giay tai didu kién nhiét do phong, dudi tac dung
cua lyc ép nham thic ddy kha ning thdm ué6t cua
dung dich ngam tim vao soi vai.

- Tiép theo, mau vai soi cotton sau ngam tam
dugc ép so bo, nham dam bao khéi lugng thim
w6t cua dung dich bang khoang 75% khdi lugng
ban dau cua mau vai.

- Sau d6, mAu vai s& dugc siy so bo tai diéu kién
nhiét 6 120°C cho dén kho hoan toan, rdi dugc
sdy phan ung tai diéu kién nhiét do 170°C trong
vong 3 pht.

- Cudi cting, miu vai s& duoc rira bang dung dich
NaOH (pH = 10), roi rira lai bang nuéc cat va say
dén khd hoan toan tai diéu kién nhiét d6 105°C,
trude khi duoc dua vao bao quan tai diéu kién tiéu
chuan (nhiét do = 25°C, d6 4m twong ddi = 65%).

2.3. Phwong phap phén tich
2.3.1. Phwong phdp tao mau khi



Han hop khi hinh thanh sau khi dt chay cac mau
vat liéu vai soi duoc thu truc tiép tai bo phan cua
thoét khi phia trén thiét bi phan tich d6 bén chay
Yasuda No.440 bang mot syringe thuy tinh dung
tich 200 mL, véi téc do hiat khi khoang 5
mL/gidy. Véi mau vai sgi cotton chua qua xir ly
chbng chéy, thoi gian hat khi dwoc tinh tir thoi
diém ngon lira mdi nging tiép xGc véi mau vai
cho dén thoi diém mau chay hoan toan (thoi gian
ngon lira mdi tiép xdc véi mau vai = 10 gidy).
Vé6i miu vai soi cotton da qua xtr ly chdng chay,
thoi gian hat khi duoc tinh tir thoi diém ngon lira
mdi tiép xdc vai mau vai soi cho dén thoi diém
ngon lira mi ngirng tiép xuc véi mau vai (thoi
gian ngon lra moi tiép xdc véi miu vai = 45
giay).

Sau d6, mau dugc chuyén tir syringe dung tich 200
mL sang mét syringe dung tich 1 mL trang bi dau

tiém bang inox va c¢b ndi bang thach anh chiu nhiét.

Tiép theo, mau khi trong syringe 1mL s& duoc
chuyén truc tiép vao hé thiét bi sic ky khi ghép
ndi khdi phé (GC/MS) 1310 Thermo Scientific
(Trung tdm Nghién ctu va Chuyén giao cong
nghé, Vién han lam Khoa hoc va céng nghé Viét
Nam) nham xac dinh thanh phan hdn hop khi hinh
thanh sau khi d6t chay cac mau vat liéu vai soi.

2.3.2. Phwong phdp phan tich mdu khi

Trén co sé tham khao céc két qua nghién ctu
trude d6 [14] két hop véi khao sat so bo, didu kién
phan tich thanh phan hdn hop khi hinh thanh sau
khi d6t chay cac mau vat liéu vai soi bang phuong
phap phan tich GC/MS duoc xac dinh nhu sau:

- Hé thdng thiét bi phan tich sic ky khi Agilent
Technologies 7890B GC system trang bi cot sic
ky Agilent 122-4132 DB-5ms véi cac thong sé
kich thude 30m x 250pm x 0,25pum.

- Hé théng thiét bi phan tich khdi phé Agilent
Technologies 5977A MSD.

- biéu kién cp khi ddu vao cho hé théng thiét bj
phan tich sic ky khi: Khi dugc bom truc tiép tai
diédu kién &p suit 9,5 psi va tong luu lwong dong
24 mL/phdt.

- Piéu kién cap khi cho cot séc ky khi: St dung
khi mang la khi Heli véi toc do dong 1 mL/phat
va ap suat dong 9,0 psi.

- Piéu kién van hanh sic ky khi: Giir tai 35 °C
trong vong 5 phut, sau d6 gia nhiét dén 300 °C véi
tdc d6 6 °C/phdt, rdi gitr tai 300 °C trong vong 2
phut.

- Biéu kién van hanh va phan tich khéi phé: Ché
d6 quét FULL SCAN trong khoang 33-700 m/z,
két qua duogc ddi chiéu vai thu vién phd NIST 11
(Vién Tiéu chuin va Cong nghé Qubc gia
Hoa Ky).

Nhiam dam bao tinh chinh xac va tin cay cua cac
két qua thu dugc, mdi thi nghiém s& duoc lap lai
05 lan. Nhitng san pham dang khi hinh thanh tir
qué trinh d6t chay mau vai chi duoc liét ké trong
Bang 1 néu dap ung duoc toan bo 03 tiéu
chi sau:

- Tinh lap lai: San pham khi dugc dinh tinh thanh
cdng it nhat 03 1an trén phd MS cuaa cac mau khi
phan tich.

- Tinh tin cay: Phé MS cuia san pham dang khi can
c6 mirc d6 khop tdi thiéu 60% khi so sénh vai phd
MS mau tir tir thur vién NIST 11,

- Tinh y nghia: Tin hiéu GC cua san pham dang
khi can chiém ty l¢ dién tich peak t6i thiéu 0,1%
tong dién tich phd GC cua toan bo mau khi.

3. KET QUA VA THAO LUAN

3.1. Két qua phan tich déi véi miu vai sgi
cotton chwra qua xir Iy chdng chay

Cac két qua phan tich thanh phan khi doc hai sinh
ra tir qua trinh d6t chdy ctia mau vai soi cotton
chua qua xur Iy chéng chay dwoc trinh bay trong
Bang 1.

Két qua phan tich cho thiy, bén canh nhing san
pham don gian véi khdi lugng phan tir thiap nhu
khi COx hay khi NOy, thi san phdm dang khi chu
yéu hinh thanh tir qué trinh d6t chay trong khong
khi cua vai soi cotton chua qua xir Iy chdng chay
chinh 1a cac hop chat thom dan xuat cua benzene,
bao gom toluene, styrene, phenylethyne, phenol,
v.v. Diéu nay cd thé duoc giai thich Ia do, tai diéu
kién nhiét d6 cao, ciu tric cellulose cua soi cotton
da bi khir nuée va phan manh hinh thanh nén céc
hop chat nhém furan, bao gom furfural va 3-
methyl-2,5-furandione. Sau d6, cac hop chét
nhém furan tiép tuc bi phan huy nhiét va thom ho4,
hinh nén cac dan xuat benzene [17]. Nhin chung,



day déu l1a nhitng hop chét doc hai, tiém 4n nhiéu
nguy co ddi véi sirc khoé ciia con ngudi [18].

Bén canh d6, qua trinh d6t chay cua vai soi
cotton chua qua xir Iy chéng chay ciing hinh
thanh mot luong dang ké cac hop chat thom da
vong (Polycyclic Aromatic Hydrocarbons —
PAHSs), bao gdom naphthalene, pyrene, va 9-
methylene-9H-fluorene. Pay déu l1a nhitng hop
chat doc hai, c6 kha ning tao thanh tn thuong
cho nhiéu co quan ni tang trong co thé va tham
chi 1a gay bénh ung thu [18]. Pang chi y, viéc
phoi nhiém véi lugng I6n naphthalene qua
duong hd hip c6 thé dan toi sy ton hai va pha
huy té bao hong cau, cau thanh yéu té nguy co
cao hon di vai nan nhan hoa hoan [19]. Su hinh
thanh cua cac hop chat thom da vong c6 thé dugc
giai thich thong qua co ché than hoa trong qua
trinh phan huy nhiét cua cellulose [17].

Tuy nhién, ciing can lwu y rang, 31 san pham hinh
thanh khi chay dugc thanh cong dinh tinh chi
chiém khoang 88% tong dién tich peak tin hiéu
phé GC ciia mau khi. N6i cach khéc, c6 téi khoang
60 san pham chay dang khi khac khong thé duoc
dinh tinh mét cach chinh xac, tuwong tng véi
khoang trén 11% tdng dién tich peak tin hiéu phd
GC cua mau khi. Hién tuong nay cé thé duoc giai
thich la do qué trinh phan huy nhiét cua sei cotton
no6i chung, va cellulose noéi riéng, twong d6i phic
tap, trai qua nhiéu giai doan va cac hop chit trung
gian khéc nhau [17], trong d6 bao gém ca nhiing
hop chét trung gian chua c6 phd miu trong thu
vién cua NIST.

Bang 1 Két qua phan tich GC/MS cia mau vdi
soi cotton chira qua xir Iy chéng chay, va mau
vdi si cotton di qua xit 1y chong chay bang hé
phu gia Pyrovatex CP (mdu dai dién)

Ty I¢€ dién tich peak
(%)
s , <, | MAauvai -
Tén chat, nhom chat Mau vai
chwa z
. chong
qua xir chéy
ly
Hop chét thom dan 78,32 85,68
XUAt ciia benzene
- Toluene 32,25 5,67
- Styrene 14,72
- Phenylethyne 14,57 2,77

Ty lé dién tich peak

(%)
—
Tén chat, nhém chét Mau vl Mau vai
chua z
. chong
quaIXu’ chay
ly

- Phenol 4,30
- 3-methylphenyl 341
acetylene
- Benzaldehyde 2,59 0,12
- Ethylbenzene 2,56 0,47
- Acetophenone 1,38
- Metaraminol 0,98
- 4-isopropylphenyl 0,65
isocyanate
- 3-hydroxy-4- 0,32
methoxybenzaldehyde
acetate
- Benzoic acid, 0,32
m-[[(dimethylamino)
methylene]amino]-,
methyl ester
- p-xylene 0,27
- Benzene 75,74
- Indene 0,55
- Benzonitrile 0,20
- Benzofuran 0,16
Hop chit thom da 4,02 7,46
vong (PAHS)
- Naphthalene 3,18 0,50
- Pyrene 0,46 0,89
- 9-methylene-9H- 0,38
fluorene
- Fluoranthene 0,92
- Phenanthrene 0,87
- Benzo[ghi] 0,86
fluoranthene
- Cyclopenta[cd] 0,68
pyrene
- Benzo[e]pyrene 0,46
- 1-methyl-pyrene 0,36
- 4H-cyclopenta[def] 0,29
phenanthrene
- 11H-benzo[b] 0,27
fluorene
- 2-phenyl- 0,26
naphthalene
- 9H-cyclopenta[a] 0,23
pyrene
- 9-phenyl- 0,17
anthracene




Ty lé dién tich peak

(%)
. B , B Mau vai .
Tén chat, nhém chat Mau vai
chua z
. chong
qua}xa chay
ly
- 11H-benzo[a] 0,16
fluorene
- Indeno[1,2,3-cd] 0,16
pyrene
- 1-phenyl- 0,14
naphthalene
- 2-methyl- 0,12
phenanthrene
- Biphenylene 0,12
Hop chit thom 0,87 0,11
khac
- Biphenyl 0,50
- Pyridine-3- 0,21
carboxamide, oxime,
N-(2-trifluoromethyl
phenyl)
- 1-methyl- 2-phenyl- 0,16
1H-indole
- 6-(3-nitro 0,11
benzylidenamino)-
quinoxaline
Hop chat nhém 0,29 0,47
furan
- Furfural 0,16 0,47
- 3-methyl-2,5- 0,13
furandione
Hop chit khac 4,52 2,98
- 3,3-dimethyl-4- 1,01
methylamino-butane-
2-one
- Nonanal 0,87
- Octanal 0,67
- 1-hexene 0,60
- Tetradecanal 0,56
- Octadecanal 0,32
- Sulfurous acid, 0,15
cyclohexylmethyl
hexyl ester
- 1-bromo-pentane 0,13
- Oxime cyclopropyl- 0,11
1-ethanone
- 2-methyl-2-pentenoic 0,10
acid
-1,3,57- 2,51

cyclooctatetraene

Ngoai ra, diéu kién van hanh GC c6 thé van chua
hoan toan t6i wu, dan toi viéc nhiéu chat khi dong
thoi duge dua vao hé thong MS gay nhiéu tin hiéu,
tao thanh kho khan trong cong tac phan tich dinh
tinh.

3.2. Két qua phan tich déi véi miu vai sgi
cotton da qua xir ly chong chay bang hé phu gia
chéng chay Pyrovatex CP

Céc két qua phan tich thanh phan khi doc hai sinh
ra tir qua trinh dot chay cua mau vai soi cotton da
qua xir Iy chdng chay bang hé phu gia chdng chay
Pyrovatex CP dugc trinh bay trong Bang 1.

So sénh véi két qua phan tich d6i véi mau vai soi
cotton chua qua xir Iy chdng chay, truéc tién co
thé thay duoc sy chuyén dich twong dbi rd rang vé
mit san pham hinh thanh khi d6t chay: ty 1¢ dién
tich peak cua c4c san pham dang hop chét thom
déu tang 1én dang ké, trong khi ty 1& dién tich peak
cua cac hop chit khac dwoc dinh tinh chi chiém
3,45%. Dong thoi, ciing chi ¢6 hai hop chat khdng
chira vong benzene dugc dinh tinh véi do tin cay
cao, bao gom furfural va 1,3,5,7-cyclooctatetraene.
Hién twong trén co thé duoc giai thich 1a do, sau
khi duoc xir Iy chéng chay bang hé phu gia chdng
chay Pyrovatex CP, vai soi cotton chdng chéy c6
xu hudng phan huy nhiét theo co ché thiic day sy
hinh thanh 16p mugi than véi cau tric thom da
vong, kéo theo do6 1a su hinh thanh cta cac san
pham d& bay hoi véi cdu tric hod hoc thom va
thom da vong [12-13]. Bé&n canh d6, qua trinh
phan huy nhiét c6 dinh hudng nay ciing giup thic
day su hinh thanh cua cac san pham dang khi
thong dung va d& dinh tinh hon, v&i 29 hop chat
dugc thanh cong dinh tinh chiém toi khoang 96%
tong dién tich peak tin hiéu phd GC caa mau khi.

Pang chii ¥, trong nhém cac san pham hop chat
thom dan xuat ciia benzene hinh thanh tir qua trinh
chay cuia vai sgi cotton chdng chéy, thi benzene
chiém ty I& dién tich peak rat lon (1én t6i trén 75%),
thay thé cho mot sé san pham thugc nhém dén
xuét benzene chiém ty trong 1on trong thanh phan
khi sinh ra khi chay cua vai sgi cotton nguyén ban
14 toluene, styrene, va phenylethyne. Tuy nhién,
benzene lai duoc x4c dinh [a mot hop chét hiru co
vé6i doc tinh cao, cao hon rat nhiéu so vai toluene,
styrene, hay phenylethyne [18].



Ngoai ra, qua trinh d6t chéy vai soi cotton chng
chay ciing hinh thanh khoang 18 hop chit thom da
vong (PAHS) c6 thé dinh tinh, cao hon rat nhiéu
S0 V&i chi 3 hop chat thom da vong khi dt chay
vai sgi cotton nguyén ban, ¢ong thoi ty Ié dign tich
peak cua cac hop chat thom da vong ciing tang tir
khoang 4% Ién dén khoang trén 7% tong dién tich
peak tin hiéu phd GC ciia mau khi tuong ung.
Nhin chung, day déu la nhiing hop chat mang tinh
nguy hai d6i véi sic khoé con nguoi, khi phoi
nhiém c6 thé dan toi nhidu vén d& sac khoé
nghiém trong nhu bénh tim mach, ung thu, di dang
thai nhi, v.v. [18,20].

Bén canh do, trong thanh phan san pham dét chay
cua vai soi cotton chéng chay ciing xuat hién
nhiéu hop chit giau nguyén tb nitrogen (N), ma
dang cha ¥ nhat 12 6-(3-nitrobenzylidenamino)-
quinoxalin. Piéu nay c6 thé giai thich 1a do, hé
phu gia chéng chay Pyrovatex CP hoat dong dwa
trén co ché két hop hai thanh phan hoa hoc nguyén
t6 véi kha nang chdng chéy cao 1a phosphorus (P)
va nitrogen (N), trong d6 nguyén té phosphorus
(P) chu yéu dem lai hiéu qua trong pha ngung tu
(thtic ddy sy hinh thanh cu trdc mudi than), con
nguyén t6 nitrogen (N) chi yéu dem lai hiéu qua
trong pha khi (han ché nhién liéu chay) [12-13].
Bai vay, rat dé hiéu khi thanh phan san pham dét
chéy cua vai sgi cotton chdng chay xuét hién cac
hop chét giau nguyén t4 nitrogen (N).

Nhin chung, c6 thé thiy dwoc rang viéc xu ly vai
soi cotton bang hé phu gia chong chay Pyrovatex
CP mic du gidp cai thién dang ké tinh chat chéng
chdy cua loai vat liéu nay, tuy nhién qua trinh chay
cua vai soi cotton chéng chay thu dugc lai ¢ xu
hudng sinh ra nhiéu thanh phan san phim dang
khi doc hai hon so v&i khi dét chay vai sgi cotton
thong thuong.

4. KET LUAN

Nghién ctru di thanh céng 4p dung phuong phap
phan tich sac ky khi két hop khoi pho (GC/MS)
trong viéc phan tich dinh tinh cac san phim dang
khi thu duoc tir qué trinh @6t chay cua vai soi
cotton thuong va vai sgi cotton chng chay xi ly
bé’mg hé phu gia Pyrovatex CP, va xac dinh duoc
53 san pham dang khi véi d6 tin ciy cao — bao
gom 17 hop chat thom dan xuét cua benzene, 19

hop chit thom da vong (PAHs), va 02 hop chat
thuoc nhom furan. Pay déu 1a nhiing hop chét co
doc tinh, ¢6 nguy co anh huong Ion ddi vai sic
khoé con nguoi.

Bén canh d6, két qua phan tich ciing da gitp phan
nao kiém chimg duoc co ché chng chay cua hé
phu gia Pyrovatex CP. Cu thé, mau vai soi cotton
chdng chéy xir Iy bang hé phu gia Pyrovatex cé xu
huéng hinh thanh nhiéu hon cac hop chét thom
dan xuat cua benzene va cac hop chat thom da
vong, chirng minh cho xu hwéng phan huy nhiét
hinh thanh cAu trdc mudi than chira nhan thom cua
vai sgi cotton chdng chay. Bong thoi, trong thanh
phan khi sinh ra khi chay cua vai soi cotton chong
chay ciing chira mot s6 hop chit giau nguyén té
nitrogen (N), ching minh cho su két hop cua hé
phu gia Pyrovatex CP vao céu triic sgi vai cotton.

Péng chii ¥, qua trinh ddt chay vai soi cotton
chdng chéay xir ly bang hé phu gia Pyrovatex CP
¢6 xu hudng hinh thanh nhiéu san pham doc hai
hon so v6i vai cotton thong thuong, ma dang cha
y nhét | benzene va céc hop chat thom da vong
(PAHs). Diéu nay dat ra yéu cau can thiét phai co
nhirng nghién ctu sdu hon mang tinh dinh lugng,
nham xac dinh chinh xac nguy co tiém an cua viéc
sir dung vai soi cotton chdng chay xu ly bang hé
phu gia Pyrovatex CP tai Viét Nam.

Loi cdm on

Céc tac gia xin tran trong cam on sy tai tro cua
Vién Han Iam Khoa hoc va Cong nghé Viét Nam
dé thyuc hién nghién ciru nay théng qua dé tai ma
s6: TDPCCC.02/21-23.

TAI LIEU THAM KHAO

[1] Lambert A.D., (1992). Repairing the Damage:
Fires & Floods, Bilbao: Evans Brothers.

[2] Bard S., (2002). Voices from the Past: Hong
Kong 1842-1918, Hong Kong: Hong Kong
University Press.

[3] Miller D., (1996). City of the Century: The
Epic of Chicago and the Making of America, New
York: Simon & Schuster.

[4] Gao W.W., Zhang G.X., Zhang F.X., (2015).
Enhancement of flame retardancy of cotton
fabrics by grafting a novel organic phosphorous-
based flame retardant. Cellulose, 22(4), 2787.



[5] Li P., Wang B., Xu Y.J., Jiang Z., Dong C.,
Liu Y., Zhu P., (2019). Ecofriendly flame-
retardant cotton fabrics: Preparation, flame
retardancy, thermal degradation properties, and
mechanism. ACS Sustain. Chem. Eng., 7(23),
19246.

[6] Kilinc F.S., (2013). Handbook of Fire
Resistant  Textiles, Cambridge: Woodhead
Publishing.

[7] Chang S., Slopek R.P., (2014). Condon B.,
Grunlan J.C., Surface coating for flame-retardant
behavior of cotton fabric using a continuous layer-
by-layer process. Ind. Eng. Chem. Res., 53(10),
3805.

[8] Liu Z., Xu M., Wang Q., Li B., (2017). A
novel durable flame retardant cotton fabric
produced by surface chemical grafting of
phosphorus- and nitrogen-containing compounds.
Cellulose, 24(3), 4069.

[91Das O., Kim N.K. Hedenqvist M.S.,
Bhattacharyya D., Johansson E., Xu Q., Holder S.,
(2020). Naturally-occurring bromophenol to
develop fire retardant gluten biopolymers. J.
Clean. Prod., 243(46), 118552.

[10] Rakotomalala M., Wagner S., Déring M.,
(2010). Recent developments in halogen free
flame retardants for epoxy resins for electrical and
electronic applications. Materials (Basel), 3(8),
4300

[11] Wang Q., LiuJ., Zhang L., Ci M., Zhang X.,
Jiang Z., Zhu P., (2020). Preparation and
characterization of polyvinyl alcohol/sodium
alginate/Pyrovatex CP  composite  fibers.
Ferroelectrics, 562(1), 125.

[12] Price D., Horrocks A.R., Akalin M., Farog
A.A,, (1997). Influence of flame retardants on the
mechanism of pyrolysis of cotton (cellulose)
fabrics in air. J. Anal. Appl. Pyrolysis, 40-41, 511.

[13] Farogq A.A., Price D., Milnes G.J., Horrocks
AR. (1991). Use of gas chromatographic
analysis of volatile products to investigate the
mechanisms underlying the influence of flame
retardants on the pyrolysis of cellulose in air.
Polym. Degrad. Stab., 33(2), 155.

[14] Nguyen N.T., Trinh T.H., Sam H.L.,
Nguyen Q.T., Le T.G., (2020a). Halogen-free
flame-retardant flexible polyurethane for textile
coating: Preparation and characterisation. Fire
Mater., 44(2), 269.

[15] Nguyen N.T., Nguyen Q.T., Bui Q.M.,
(2020b). Phan tich dac trung vat liéu va thanh
phan khi phan hay nhiét caa vai chong chay trang
phu polyuretan. Vietnam J. Chem., 58(6E12), 102.

[16] Vu T.H.K., Nguyen T.H., Nguyen P.D.L.,
(2021). Optimizing content of Pyrovatex CP New
and Knittex FFRC in flame retardant treatment for
cotton fabric. Ind. Text., 72(3), 315.

[17] Sevilla M., Fuertes A.B., (2009). The
production of carbon materials by hydrothermal
carbonization of cellulose. Carbon, 47(9), 2281.

[18] Vitale C.M., Gutovitz S., (2023). Aromatic
Toxicity, Treasure Island (FL): StatPearls
Publishing.

[19] Santucci K., Shah B., (2020). Association of
naphthalene with acute hemolytic anemia. Acad.
Emerg. Med., 7(1), 42.

[20] Bostrom C.E., Gerde P., Hanberg A.,
Jernstrom B., Johansson C., Kyrklund T., Rannug
A., Torngvist M., Victorin K., Westerholm R.,
(2002). Cancer risk assessment, indicators, and
guidelines for polycyclic aromatic hydrocarbons
in the ambient air. Environ. Health Perspect.,
110(3), 451.



	35bai
	Q2.23.I1


