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Linh vue k§y thut dwoc dé cap

Sang ché lién quan dén chat chita chdy bot, va cu thé 1a chét chira chay bot khong
chira flo, khong chira hop chét gde flo va c6 kha ning chiu nhiét tuyét voi.
Tinh trang ky thuit ciia sing ché

Chét chira chay bot chu yéu duoc sir dung cho céc vu chay chit 16ng dé chdy thudc
nhém bdn cia cac hop chit nguy hiém va duge cung chp & dang bot. Bot duge cung cép
nhanh chéng lan rong trén chét 1ong dé chay dé dap tat lira.

pé dap Itra nhanh, chét chira chay bot phai c6 do bén nhiét rat tt, va thém vao do,
can phai c6 cac hiéu nang khac nhau véi vai tro chét déap lira, chéng han nhu théa man hiéu
ndng tao bot dinh trudc, khong hoa tan trong chit nguy hidm d& chay, va cac thanh phan
khong tach ra hoac két tha sau thoi gian dai. Do 40, c6 vAn dé 1a chét chita chay bot cén thoa
mén cac hiéu ning khac nhau nady mét cach can bang trong khi vAn tang kha ning chiu
nhiét.

Dé théa man nhu ciu nhu vay, véi chét chita chay bot thong thuong da biét, chét
hoat dong bé mit chira hop chét géc flo dugce st dung lam mdt trong cac thanh ph?m, vi du
nhu dugc dé xuit trong tai liéu patent 1 (JP 2007-252731 A) (Tai liéu Patent 1).

Ban chét k§ thuit cia sing ché
Vén dé ky thuat

Tuy nhi€n, trong nhitng nam gn day, do anh hudng cua Cong udc Stockholm vé
cac chit gdy 6 nhiém hiru co kho phan hiy (Cong udc POP), da c6 phong trao diéu chinh
viéc san xudt va st dung cac hop chét flo hitu co nhu axit perflooctansulfonic (PFOS), axit
perflooctanoic (PFOA) va axit perflohexansulfonic (PFHxS) va cac hgp chit lién quan cta
chung.

Theo d6, muc dich ciia sang ché 1a d& xuét cht chita chay bot khong chira hgp chét

flo va c¢6 thé théa mén hiéu nang dinh trude.
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Giai phap

Dé giai quyét cac van dé trén day, cac tac gia sang ché da tién hanh nghién ctru
chuyén sdu va da phat hién ra rang chit chita chdy chita polyme cation khong flo va hop
chét chtra phosho khong dya vao flo v6i lugng dinh trude tirong Gmg dép img hiéu nang voi
vai trd chét chira chay bot ma tham chi khong can chira hop chét flo va c6 kha niing chiu
nhiét rat t6t, va da hoan thanh sang ché nay.

Cu thé 13, chét chita chay bot theo sang ché khac biét & chd chira:
tir 0,1 dén 2 % khéi lugng 1 hop chét chira phospho, va
tir 1 dén 10 % khdi lugng 13 polyme cation.

Trong chét chita chay bot theo séng ché, hop chét chira phospho t6t hon 1a it nhét
mot trong s cac hop cht trimetyl phosphat, trietyl phosphat, triphenyl phosphat, tricresidyl
phosphat, trixylenyl phosphat, naphtyl diphenyl phosphat, dinaphtyl phenyl phosphat,
tricresyl phosphat, cresyl phenyl phosphat, cresyl 2,6-xylenyl phosphat, tributoxyetyl
phosphat, 2-etylhexyl diphenyl phosphat, 1,3-phenylen bis(diphenyl phosphat),
1,3-phenylen bis(di2,6-xylenyl phosphat), bisphenol A bis(diphenyl phosphat), resoxinol
bisdiphenyl phosphat, hydroquinon bis(bis(2,6-dimetylphenyl) phosphat), biphenol
bis(bis(2,6-dimetylphenyl) phosphat), octyl diphenyl phosphat, dietylen etyl este phosphat,
dihydroxypropylen butyl este phosphat, etylen dinatri este phosphat, t-butylphenyl diphenyl
phosphat, bis-(t-butylphenyl) phenyl phosphat, tris-(t-butylphenyl) phenyl phosphat,
isopropylphenyl  diphenyl  phosphat,  bis-(isopropylphenyl)  diphenyl  phosphat,
tris-(isopropylphenyl) phosphat, tris(2-etylhexyl) phosphat, tris(butoxyetyl) phosphat,
trisisobutyl ~ phosphat, axit metylphosphonic, dimetyl metylphosphonat, dietyl
metylphosphonat, axit etylphosphonic, axit propylphosphonic, axit butylphosphonic, axit
2-metyl-propylphosphonic, axit t-butylphosphonic, axit 2,3-dimetylbutylphosphonic, axit
octylphosphonic, axit phenylphosphonic, axit dietylphosphinic, axit metyletylphosphinic,

axit metylpropylphosphinic, axit dietylphosphinic, axit dioctylphosphinic, axit
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phenylphosphinic, axit dietylphenylphosphinic, axit diphenylphosphinic, va cac este
alkylphosphat, va cac phan ngung chira cac cdu tao nay.

Trong chit chita chay bot theo sang ché, polyme cation t6t hon 13 it nhit mét trong
s6 cac copolyme cua (met)acrylaminoetyltrimetylamoni bao gdm copolyme ciia axit
(met)acrylic este va (met)acrylaminoetyltrimetylamoni, copolyme cua (met)acrylamit va
(met)acrylaminoetyltrimetylamoni, copolyme cia  (met)acrylaminodialkyl va
(met)acrylaminoetyltrimetylamoni, poly(met)acrylaminoetyltrimetylamoni; phan ngung gbc
dixyandiamit bao gdm phan ngung cia dixyandiamit va fomandehyt, phan ngung cia
dixyandiamit va dietylentriamin, phin ngung cta dialkylamin va epihalohydrin bao gdm
phan ngung dimetylamin-epiclohydrin, phin ngung cla dietylamin, epiclohydrin, phén
ngung cta dimetylamin, epiclohydrin va amoniac, phén ngung cta dietylamin, epiclohydrin
va amoniac; copolyme cua dialyldimetylamoni clorua bao gbdm polydialyldimetylamoni
clorua, copolyme cua dialyldimetylamoni clorua va acrylamit, copolyme cua
dialyldimetylamoni clorua va luu huynh dioxit, copolyme cia dialyldimetylamoni clorua va
(met)acrylamit, copolyme cta dialyldimetylamoni clorua va axit (met)acrylic, copolyme cua
dialyldimetylamoni clorua, axit (met)acrylic va (met)acrylamit; va polyalkylamin bao gdm
polyetylenimin, polyalylamin, polyvinylamin.

Hiéu qua cua sang ché

Theo sang ché, c6 thé cung cAp chét chira chdy bot khong chira hop chét flo va thoa
man hiéu ndng dinh trude, va dac biét rét tot vé kha ning chi;ubnhiét.
M0 ta cac phwong an thue hién sang ché

Sau déy chét chita chay bot theo phuong 4n dai dién clia séng ché s& dugc md ta chi
tiét trong d6 tham khao Bang. Tuy nhién, sang ché khong chi gi6i han & nhimg vi du nay.

Chét chita chay bot theo phuong 4n nay chira tir 0,1 dén 2% khébi lwong 14 hop chét
chira phospho, tir 1 dén 10% khéi luong 1 polyme cation, tir 1 dén 10% khdi luong 12 dung
mo6i hitu co géc carbitol, va tir 1 dén 10% khéi luong 12 chét hoat dong bé mit, va phﬁn coOn
lai cht yéu 12 nuée véi tdng khdi lugng 12 100 % (tht c& phan con lai c6 thé 1a nu6ce). Véi
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cong thirc nhu vay, ¢ thé dat dugc kha ning chiu nhiét va cac hiéu ning khac rat tbt (vidu
nhu hiéu nang tao bot va do bén cua bot) trong khi vin khong chira hop chét flo. Péi vai
yéu t6 dé thu dugc két qua thuén loi nho phéi tron nhu duoc mo ta trén day, cac tdc gid sang
ché cho rang dd bén nhiét dugc cai thién bing cach tao thanh phitc chét tir cac nguyén liéu
duoc két hop.

Hon nita, vu tién hon 13 chét chita chdy bot theo séng ché chtra tir 0,1 dén 2% khdi
lwong 13 hop chét chira phospho va tir 1 dén 10% khéi lugng 14 polyme cation.

Vi du v& hop chét chira phospho c6 thé 12 it nhat mot trong s cac hop chit trimetyl
phosphat, trietyl phosphat, triphenyl phosphat, tricresidyl phosphat, trixylenyl phosphat,
naphtyl diphenyl phosphat, dinaphtyl phenyl phosphat, tricresyl phosphat, cresyl phenyl
phosphat, cresyl 2,6-xylenyl phosphat, tributoxyetyl phosphat, 2-etylhexyl diphenyl
phosphat, 1,3-phenylen bis(diphenyl phosphat), 1,3-phenylen bis(di2,6-xylenyl phosphat),
bisphenol A bis(diphenyl phosphat), resoxinol bisdiphenyl phosphat, hydroquinon
bis(bis(2,6-dimetylphenyl) phosphat), biphenol bis(bis(2,6-dimetylphenyl) phosphat), octyl
diphenyl phosphat, dietylen etyl este phosphat, dihydroxypropylen butyl este phosphat,
etylen dinatri este phosphat, t-butylphenyl diphenyl phosphat, bis-(t-butylphenyl) phenyl
phosphat, tris-(t-butylphenyl) phenyl phosphat, isopropylphenyl diphenyl phosphat,
bis-(isopropylphenyl) diphenyl phosphat, tris-(isopropylphenyl) phosphat, tris(2-etylhexyl)
phosphat, tris(butoxyetyl) phosphat, trisisobutyl phosphat, axit metylphosphonic, dimetyl
metylphosphonat, dietyl metylphosphonat, axit etylphosphonic, axit propylphosphonic, axit
butylphosphonic,  axit  2-metyl-propylphosphonic,  axit  t-butylphosphonic,  axit
2,3-dimetylbutylphosphonic, ~axit octylphosphonic, —axit phenylphosphonic, — axit
dietylphosphinic,  axit  metyletylphosphinic, axit  metylpropylphosphinic,  axit
dietylphosphinic, axit dioctylphosphinic, axit phenylphosphinic, axit
dietylphenylphosphinic, axit diphenylphosphinic, va cac este alkylphosphat, va cac phén

ngung chira cic ciu tao nay.
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Dé6i voi hop chét chira phospho, wu tién hon 1a sit dung resoxinol bisdiphenyl
phosphat khi xét dén tinh tan trong nudc, mic d s&n c6 cia nguyén liéu, va kha ndng twong
hop vdi cac nguyén liéu khac.

Hon nita, polyme cation ¢ thé bao gdm nhiéu polyme cation khac nhau, véi vi du
bao gdm it nhit mot trong s6 copolyme cua (met)acrylaminoetyltrimetylamoni bao gbdm
copolyme ctia axit (met)acrylic este va (met)acrylaminoetyltrimetylamoni, copolyme cua
(met)acrylamit va (met)acrylaminoetyltrimetylamoni, copolyme ciia (met)acrylaminodialkyl
va (met)acrylaminoetyltrimetylamoni, poly(met)acrylaminoetyltrimetylamoni; phin ngung
gbc dixyandiamit bao gdm phén ngung cla dixyandiamit va fomandehyt, phin ngung cla
dixyandiamit va dietylentriamin, phan ngung cua dialkylamin va epihalohydrin bao gbm
dimetylamin-epiclohydrin phin ngung, phdn ngung cla dietylamin, epiclohydrin, phan
ngung cua dimetylamin, epiclohydrin va amoniac, phin ngung cta dietylamin, epiclohydrin
va amoniac; copolyme cua dialyldimetylamoni clorua bao gbdm polydialyldimetylamoni
clorua, copolyme cua dialyldimetylamoni clorua va acrylamit, copolyme cua
dialyldimetylamoni clorua va luu huynh dioxit, copolyme cta dialyldimetylamoni clorua va
(met)acrylamit, copolyme cua dialyldimetylamoni clorua va axit (met)acrylic, copolyme cua
dialyldimetylamoni clorua, axit (met)acrylic va (met)acrylamit; va polyalkylamin bao gdm
polyetylenimin, polyalylamin, polyvinylamin.

Déi véi polyme cation, polyetylenimin, hodc polyalylamin dugc vu tién khi xét dén
tinh tan trong nudc, mirc do sén c6 cua nguyén liéu, va kha nang twong hop vOi cac nguyén
liéu khéc.

Theo két qua thi nghiém ctia cac tac gia sang ché, t6 hop thuan loi nhit 14 resoxinol
bisdiphenyl phosphat véi vai trd hop chét chira phospho va polyetylenimin véi vai tro
polyme cation.

O day, ddi voi cac giéi han dudi cia ham luong clia polyme cation va hop chét chira
phospho, khi ham lugng polyme cation thdp hon 1 % khdi lugng, c¢6 nhwoc diém 1a thoi
gian bién mét bot bi rat ngén va khong thé dat dugc hiéu ning mong mubn, va khi ham
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lugng hop chét chtra phospho thép hon 0,1 % khéi lugng, c6 nhurge diém 1a khong thé dat
dugc du hiéu ning do bén nhiét.

Thém vao d6, ddi v6i céc gidi han trén cla ham luong cia polyme cation va hop
chét chira phospho, khi ham Iugng polyme cation vuot qua 10 % khdi luong, ¢6 nhuge diém
la thoi gian bién mét bot bi rat ngén va khong thé dat duoc hiéu ning mong mudn, va khi
ham Iuvong hop chét chtra phospho vuot qua 2 % khéi luong, c6 nhuge diém 13 dung dich bi
tach va khong thé tao thanh chét chita chay bot.

Nhu dugc md ta trén day, bat ké viéc cong thitc diu ché khong chira hop chat goc
flo, chét chita chay bot theo phuwong an ndy c6 do bén nhiét va nhitng hiéu ning khac rat tot
von khé dat duge trong qué khir. Hon nita, cdc nguyén liéu rat 8t v& mat mirc d6 san co.

Vi du thire hién sing ché

10 % khi luong 12 butyl carbitol, 10 % khdi lugng 12 chat hoat dong bé mit, va
polyetylenimin véi vai trd polyme cation va resoxinol bisdiphenyl phosphat v4i vai tro hop
chét chua phospho trong ham lugng dugc trinh bay trén Bang 1 dugc phéi tron dé thu dugce
hdn hop, va nuée duge thém vao (do lurong) hdn hop dé didu ché 25 mau chét chita chay bot
(dung dich nuéce bot) voi téng khéi lugng 100 %, cac mau duoc dua vao thr nghiém do bén
nhiét.

Butyl carbitol 1a dung moi cling duoc phdi tron vao chit chita chay thuc té. Hon nita,
thém vao dung méi hiru co nhu carbitol, chét hoat dong bé mat, va nudc, cac thanh phén
nhu etylen glycol c6 thé dugce thém vao chét chira chay thuec té.

[Thir nghiém d6 bén nhiét]

Th nghiém do bén nhiét duge thuc hién theo quy trinh sau day bang cach st dung

tirng mau chét chita chay bot.

(1) n-Heptan dugc cho vao dia tron ¢6 duong kinh 11 cm (95 cm?) va dugc danh Itra dbt.

(2) Chét chira chay bot dugc tao thanh bot véi may xay sinh t6 dugc muc 1én bing thia va
cho vao dfa tron sau 1 phut tinh tir lac danh Itra.

(3) Chat bot dugc lién tuc thém vao dén khi lira bi dap tat.
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(4) Sau khi dap tat ltra, bot & trung tAm cua dia tron dwgc hét bo d8 16 ra bé mat dau khoang
@3 cm (7 cmz).

(5) B& mat dau 16 ra dwoc danh lira dbt 14n nira.

(6) Dién tich bé mit dau sau 5 phut tir khi d6t hodc thoi gian dé toan bo bot bién méat dugc
do.

Trong tht nghiém do bén nhiét dugc mo ta trén ddy, thanh cong hay thét bai dugc
xac dinh, va trang thai cta dung dich duoc quan sat. Cac ti€u chi dé x4c dinh thanh cong
hay thét bai nhu sau:

-- Trueong hop dién tich bé mit dau sau 5 phut tir ltc danh lira 13 50 cm’ hodic nho hon duoc
xac dinh 1a O;

--Trudmg hop di¢n tich bé mit ddu sau 5 phut tir lac dénh lira 1a 30 cm?® hodc nhé hon dugc
xac dinh 13 O©;

--Trudong hop khi bot con lai trén bé mat dau sau 5 phut tir ltic danh ltra dugc xac dinh 12 A;
--Truong hgp bot bién mét hoic dung dich bi tach khong danh gid dugc trong vong 5 phut
sau khi danh Itra duoc xac dinh 1a x.

Khi danh gid 1a ©, O hodc A, do bé nhiét c6 thé chép nhin dugc trong thuc té, vakhila ©

hoac O, do bén nhiét dic biét thuan lgi. Két qua dugce trinh bay trén Bang 1.

[Bang 1]
Hop chit chua Dién
phospho tich bé
Trang théi . | Thoi gian
Polyme cation | (Resoxinol mit dau | )
Stt cia dung bién mat | Danh gia
(Polyetylenimin) | bisdiphenyl sau 5
dich bot
phosphat) phut.
1 0% 0% Tét 1 phut 12 | x
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gidy
2 | 0% 0,1% Téch X
3 | 0% 0,5% Téach x
4 | 0% 1% Tach x
5 0% 2% Téch x
6 | 0% 3% Téch X
, 4 phut 22
7 1% 0% Tbt x
gidy
8 | 1% 0,1% Tt 72.3cm’ A
9 |1% 0,5% Tét 69,3cm’ A
10 | 1% 1% Tbt 63,5cm’ A
11 | 1% 2% Tét 56,7cm? A
12 | 1% 3% Téch - X
, 3 phut 21
13 | 5% 0% Tbt x
gidy
14 | 5% 0,1% Tét 78,5¢cm” A
15 | 5% 0,5% Tét 50,2cm” A
16 | 5% 1% Tbt 9,6cm> ©
17 | 5% 2% Tét 1,8cm’ ©
18 | 5% 3% Tach x
4 phat 2
19 | 10% 0% Tbt x
gidy
20 | 10% 0,1% Tét 63.5¢cm’ A
21 | 10% 0,5% Tét 49,6cm> S
22 110% 1% Tét 3,1cm? ©
23 | 10% 2% Tt 38,5cm’ @)
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24 | 10% 3% Téach x
, 3 phut 37
25 | 15% 0% Tét X
gidy
. ) 1 phat 58
26 | 15% 0,1% Tbt x
gidy
, 2 phat 4
27 | 15% 0,5% Tét X
gidy
, 1 phat 45
28 | 15% 1% Tbt x
gidy
, 2 phit 25
29 | 15% 2% Tét X
gidy
, 2 phat 45
30 | 15% 3% Tbt x
giay

Tir nhitmg két qua duogc trinh bay trén Bang 1, d& phat hién ra rang khi chét chita
chay bot theo sang ché chira tir 1 dén 2 % khéi luong 1a hop chét chira phospho va tir 1 dén
10% khéi lugng 13 polyme cation, chét chira chay rat 6t v& do bén nhiét va c6 thé thé hién
phu hop chttc niing dap lira. Hon nita, dd phat hién ra ring khi chét chira chdy bot theo sang
ché chira tir 1 dén 2 % khdi luong 1a hop chét chira phospho va tir 5 dén 10 % khoi lugng 12

polyme cation, chét chita chay nay con t5t hon nita.
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YEU CAU BAO HO
1. Chét chita chay bot, khac biét ¢ chd chira 0,1 dén 2% khdi lrong la resoxinol

bisdiphenyl phosphat véi vai trd hop chit chira phospho, va tir 1 dén 10 % khéi luwong 12

polyetylenimin v6i vai trd polyme cation.
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