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PANH GIA CO CHE VA HIEU QUA CHONG CHAY
CUA CHAT PHU GIA CHONG CHAY RESORCINOL
BIS(DIPHENYL) PHOSPHATE SU DUNG
TREN VAT LIEU POLYMER PC/ABS TRONG PHA KHI
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Khoa Khoa hoc co ban va Ngogai ngit, Truong Pai hoc PCCC
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Tém tit: Resorcinol Bis(Diphenyl) Phosphate con dirgc goi la RDP, la mét hop chit dwoc sir dung
lam chat phu gia chong chdy cho nhira kj thudt PC/ABS. RDP ¢6 hoat dong chong chdy trong ca hai pha
khi va pha ngung tu. Tuy nhién, RDP hoat dong chii yéu ¢ pha khi. Bdi viét ndy tong hop va danh gid vé
co ché trong pha khi va hiéu qua chong chdy ciia RDP tir cdc nghién civu thue nghiém trude ddy, khi né
dwoc sir dung chong chdy cho nhwa PC/ABS. Bén canh dé, bai viét ciing dwa ra cac dé xudt nham tang kha
nang chong chdy ciia RDP trong pha khi bang phiong phdp sir dung thém cdc chat chong chdy cé kha
nang hiép dong véi RDP.

Tir khéa: chit chong chdy, phu gia chéng chdy, RDP, Resorcinol Bis(Diphenyl) Phosphate, PC/ABS,
co ché chéng chay, hiéu qud chong chdy.

Abstract: Resorcinol Bis(Diphenyl) Phosphate, also known as RDP, is a compound used as a flame
retardant additive for PC/ABS engineering plastics. RDP exhibits flame retardant capacity in both the
gas phase and the condensed phase, with its primary mode of action in the gas phase. This article
discusses the gas-phase flame retardant mechanism and effectiveness of RDP as used for PC/ABS plastics,
based on findings from previous experimental studies. Additionally, the article makes recommendations
to enhance the flame retardant capability of RDP in the gas phase by using additional flame retardants
that can synergize with RDP.

Keywords: flame retardant, flame retardant additive, RDP, Resorcinol Bis(Diphenyl) Phosphate,
PC/ABS, flame retardant mechanism, flame retardant effectiveness.

1. Chat chong chay chira Phosphorus (PFRs)
dang dan thay thé cac chat chdng chdy chira Halogen
(Hal-FRs) do d¢ than thién v&1 moi truong hon ma
van gitr duoc cac hiéu qua chéng chay nhu mong doi
[1]. Ngay nay, cac chit chdng chay chira phdt pho 1a
mot trong nhitng san pham cha luc trong linh vuc
chdng chay va nghién ctru dang duoc tién hanh véi
tdc 46 nhanh chong trong linh vuc ndy do cac yéu cau

ngay cang khat khe d6i véi chat chdng chay. Cac chat
chéng chdy phai dam bao kha ning chéng chdy tot
cho céc vt liéu can dugc bao vé nhu nhua, g0 va vai,
ma khong 1am mat di cac tinh chét co hoc, vat 1y va
hoa hoc, dong thoi phai dam bao cac yéu tb6 moi
truong trong qua trinh str dung va xu 1y. Dbi véi nhua
ky thuat, ching han nhu: PC/ABS (hdn hop
Polycarbonate/Acrylonitrile-Butadiene-Styrene Terpolymer), cac
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Oligome Phosphate Aryl, dac biét La Resorcinol Bis
(Diphenyl Phosphate) da dugc st dung rong rai vi
tinh 6n dinh nhiét, hiéu qua chdng chay cao va do bay
hoi thip [2]. Resorcinol Bis(Diphenyl Phosphate) c6
tén viét tit 1a RDP v6i ma dinh danh qubc té CAS
57583-54-7, 1a mot chit phy gia chdng chay dugc st
dung nhiéu trong viéc chéng chay cho cac loai
polymer nhu: PC/ABS, PPO/HIPS.... RDP c6 khoi
lwong mol phan tir 13 574,5g/mol, & diéu kién phong
n6 c¢6 dang long, trong sudt khéng mau hoic mau
vang nhat, it tan trong nudc, tan tt trong dung moi
httu co khong phan cuc nhu: Xylene, Ethyl Ether va
Acetone. RDP 1a chét c6 do bén nhiét tdt, c6 nhiét do
s0i & 760 mmHg 13 587.1+£33.0°C, diém chdp chay la
321.7#45.7°C. RDP c¢6 cong thirc phan ta la
C30H2405P2, trong phén tir co 5 vong Benzene. Cau
tric phan trt RDP dugc trinh bay trén hinh 1.

Hinh 1: Cdu triic phin tir RDP.
(Quy woc mau: Xam: C; Do: O; Trang: H; Cam: P).

V6i cdu tric phan tir nhu trén, RDP ¢6 thé phan
huy tao thanh cac gbc ty do dudi tac dung cua nhiét
d6. Néu RDP dugc str dung trong nhwa dé chdng chay,
khi chiu tac dong cua nguén nhié¢t (ngon Itra hodc biic
xa nhiét), cac géc tu do s€ thoat ra khoi vat liéu va di
vao pha khi dé 1am bat hoat cac gdc hoat dong duy tri
phan tng chdy, tao tién dé dé dap tat ngon lira & pha
khi, nham bao vé vat liéu nhya. Dé 1am rd hon co ché
nay, bai viét s& tong hop cac két qua nghién ctru trudc
day da duoc cong bd, dé 1am rd hon co ché chong
chdy trong pha khi cua RDP khi dugc st dung véi
nhya PC/ABS, dong thoi bai viét ciing danh gia hiéu
qua chéng chay cuia RDP dya trén cac két qua nghién
ctru d6 va dé xuét viéc sir dung két hop RDP voi cac

chat chdng chay khac co kha ning hiép dong chong
chay véi RDP dé nang cao hiéu qua chdng chay cua
RDP trong nhua PC/ABS.

2. Nhin chung, qué trinh chay cua bat ky loai
Polymer nao ciing dién ra qua nhiéu giai doan. Ban
dau, dudi tac dong cua nhiét tir ngudn nhiét (ching
han nhu: ngon lira hodc btrc xa nhiét), Polymer phan
hiy tao ra cac khi dé chay. Sau dé, cac khi dé chay
nay phan ung véi Oxygen trong khong khi tao ra mét
lugng 16n nhiét, duoc goi la nhiét chay. Mdt phﬁn
nhiét chay nay phan hoi lai pha ngung tu dé duy tri
qué trinh chdy cua Polymer, lugng nhiét nay duoc goi
1a nhiét hoi luu, trong khi phan con lai duoc giai
phoéng ra méi truong [3]. Do d6, dé giam tinh dé chay
ciia Polymer, cac chat chéng chay dugc thém vao
Polymer. Céc chit chong chay can thiép vao pha khi
dé ngan chan sy chdy cia cac khi d& chay phan huy
tir Polymer. Qua trinh cac chat chéng chay can thiép
vao pha khi duoc goi 13 co ché chéng chay cua cac
chat chéng chay & pha khi.

Nghién ciru dau tién vé co ché chdng chay cua
RDP trong pha khi dugc thuc hién b1 Pawlowski va
cong sy bang cach str dung cic phuong phép thuc
nghi¢m [4]. Cac phuong phéap thuc nghiém dugc su
dung trong nghién ctru nay bao gom: (a) phan tich
nhiét trong luong (TGA) sir dung thiét bi TGA/SDTA
851 (Mettler Toledo, Prc) dé nghién ctru sy phan huy
nhiét ctia cac mau vt liéu; (b) phan tich nhiét trong
lugng két hop véi quang phd hong ngoai bién doi
Fourier st dung thiét bi TG-FTIR (Nexus 470,
Nicolet, Purc) dé phén tich khi thai ra. Cac thi nghiém
nay déu duoc thyuc hién trong diéu kién Nitrogen véi
tbc do gia nhiét 10 Kxphut !, Két qua x4c nhan ring
RDP hoat dong thong qua co ché 1am &c ché ngon lia
trong pha khi. Du6i tac dung cua nhi¢t dg, cac lién két
trong RDP bi pha v& va tao thanh cac goc tu do bao
gdm: POs, POye, HPO+ va OHPO-. Ngoai ra, cac gdc
CesHse va C¢Hs0e cling dugc hinh thanh. Tuy nhién,
cac gbc hoat dong trc ché chinh 13 cac gbc chua
Phosphorus, Qua trinh trc ché ngon Iltra cua cac goc
chtra Phosphorus da dugc Salmeia va cac cong su xac
dinh va cong bd trong nghién ctru cta ho [5]. Co ché
nay duoc trinh bay nhu sau:
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PO« + He — HPO (1)
POe + «OH — HPO;* )
HPO + He — H; + POe 3)
*OH + Hz + PO» — H>O + HPO 4)
HPO;,* + H* — H,O + POe &)
HPOz* + H* — H» + PO> (6)
HPO;¢ + HO* — PO> + H,O (7)

Trong d6, cac gbc thuc ddy sy phat trién cua
ngon ltra bao gdm He, OHe. Céc gdc nay dugc hinh
thanh tur sy phan huy cta véat liéu PC/ABS dudi tac
dong cta nhiét 4. Khi cac gbc POs, PO2e, HPO* va
OHPO- di va pha khi tir sy phan huy caa RDP, do khdi
luong phan tir ctia cac gdc chira Phosphorus 16n hon
cac gbc He va OHe, cac gbc chira Phosphorus s& 1am
bét hoat cac géc He va OHe ¢ ngay gan bé mait vat
liéu. Két qua cta sy Grc ché gbc nay 1a lam tat ngon
lira & ving gan bé mit vat liéu. Diéu nay khong chi
lam tat ngon lira & ving gan bé mit vat liéu ma con
ngin can su bod sung thém cac géc He va OHe vao
vung chay va tao rao can nhiét khong cho nhiét cung
cap nguoc tré lai bé mat vat liéu dé duy tri su phan
huy ctia vat liéu. Mt khac, khi di vao pha khi, cac gbc
tu do & dang khi ciing ¢o tac dung lam phong nd cac
c4u tric chira tro than & pha ngung tu dé tao thanh 16p
cach nhiét va ngan can Oxygen xam nhap vao bé mit
vat liéu [6]. So dd co ché chong chay nay duoc cu thé
hoa ¢ hinh 2.

Nhiét hoi Iru

Hinh 2: Co ché chong chdy & pha khi ciia RDP,

Tom lai, co ché chng chay & pha khi cia RDP
trong nhyra PC/ABS 1a co ché phan huy tao thanh cac
gdc tu do c6 tac dung bat hoat cac gdc hoat dong sinh
ra tor sy phan huy cua vat li¢u nhya PC/ABS. Déng

thoi, cac gbe tu do & dang khi cling tham gia qua trinh
lam phdng né 16p tro than & pha ngung tu dé ngan can
ludng nhiét va Oxygen quay tré lai va tiép xtic v6i bé
mat vat li¢u chay, nham phéa vo tam giac chay, ngan
can su chay tiép dién.

3. Pé xac dinh hiéu qua chdng chay cua mot
chat chdng chay dugc sir dung cho mot vét liéu nhat
dinh, c6 mét sb phuwong phap thuc nghiém duoc sir
dung dé kiém tra va cung cip dir liéu dinh luong rd
rang. Hai trong sd cac phuwong phap thir nghiém
thuong duoc sir dung 13 thir nghiém chi sé Oxygen
giéi han (LOI) va thir nghiém UL94. Trong d6, chi s6
oxygen gi¢i han (LOI) 1a ndng d6 Oxygen tdi thicu
(dugc biéu thi dudi dang phan tram theo thé tich) can
thiét dé duy tri sy chay cia mot vt liéu trong hdn hop
khi nitrogen va khi Oxygen. Fenimore va Martin la
nhimg nguodi dau tién dé xuat phuong phap thir
nghiém nay [7,8]. Hién nay, phuong phap nay duoc
dé cap trong cac tiéu chuan ASTM D2863 va ISO
4589. N6 bao gdom viéc dat mot miu vat liéu theo
chiéu doc bén trong mot dng thuy tinh v6i dong chay
hon hgp khi Nitrogen va khi Oxygen di 1én (Hinh 3a).
Nong do Oxy tai diém ngimg chay xac dinh gia tri
LOL. Gia tri LOI cao hon cho thay luong oxygen can
thiét dé duy tri ngon lra cao hon, do d6 vat liéu co
tinh dé chay thap hon va kha nang chéng chay tét hon.
Uu diém cu thé cua thir nghiém LOI 1a nd cung cap
két qua s6 va thuong cho thidy mbi quan hé tuyén tinh
v6i miac do chdng chdy, trong khi cac thir nghiém
danh gia khac thi khong [8]. UL 94 1a mét tiéu chuan
an toan dé xac dinh tinh d& chay cua cac vat li¢u nhya.
Thir nghiém nay dwoc cong bd boi Underwriters
Laboratories tai Hoa Ky tir ndm 1972. Thir nghiém
nay do kha nang ctia mgt b phan nhya dé dap tat hodc
lan truyén ngon lira sau khi bat ltra va hanh vi nhé giot
ctia n6 khi tiép xuc voi ngon lira nho hodc ngudn nhiét
buic xa trong diéu kién phong thi nghiém dugc kiém
soat. Thir nghiém nay 13 mot chi sé so bo dé kiém tra
tinh d& chay cta nhya dugc st dung trong bat ky tng
dung nao. Vi du, cac by phan nhua dugc st dung
trong cac thiét bi dién tir va gia dung. Tuy thudc vao
vi tri mau vat trong qua trinh thir nghiém, thir nghiém
tinh d& chay UL 94 c6 thé duoc phan loai thanh thir
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nghiém UL 94 theo chiéu doc va thur nghiém UL 94
theo chiéu ngang. Ddi vé6i thir nghiém UL 94 theo
chiéu doc, no6 c6 cac yéu cau nghiém ngit hon so vé6i
thir nghiém UL 94 theo chiéu ngang [9]. Ngay nay,
thir nghiém UL 94 theo chiéu doc duogc su dung
thuong xuyén hon vi n6 danh gia tadc dong cua viéc
nho giot 1én qua trinh ty dap tat cua vat liéu (Hinh 3b)
[9]. Trong thir nghiém chay theo chiéu doc UL 94, xép
hang chay dugc phan loai thanh 5 cdp d9, bao gom V-
0, V-1, V-2, 5VB va 5VA, v cc tiéu chi chi tiét duoc
ligt ké trong Bang 1.
Bang 1: Phan logi danh gia trong thir nghiém UL 94 theo chiéu doc
(theo tiéu chuan quoc te IEC 60695-11-10 hogc 1SO 9772 va ISO 9773).

Loai Picu | Thoi | Chophépnhé | Lb
kién gian giot mang
dét cho | c6 ngon | khéng | bam
phép Ita |c6 ngon
Iira
UL 94 V-2 |Ngu .
B8 130 giay | 6 6 | N
chay
UL 94 V-1 |Ngu . N/I
guflg 10 gidy | khong co
chay
UL 94 V-0 [Ngt N/I
B8 110 giay | khong | co
chay
UL 94 5VB |[Ngtu
B8 | 60 giay | khong |khong | co
chay
UL 94 5VA [Ngu
B8 | 60 gidy | khong |khong |khong
chay
—— Glass cylinder ':‘{H = 1,_ 6.35
%Ik ‘
o 127
1"_ Specimen :‘— - Specimen
 § 9.5 '
S i
I T \
L ner
;_ — ; 308 Burner
’ J'_!Lw-_s.s.-..:u +«— cotton

1 1

Mixture of Oz gas and Nz gas
a) b)
Hinh 3: So do thiét bi thir nghiém LOI (a) va thiét bi thir
nghiém UL 94 theo chiéu doc (b) [9].

Hiéu qua chdéng chdy ctia RDP trong nhuya
PC/ABS duoc Murashko va cong su xac dinh bang
thtr nghiém LOI va thtr nghiém UL 94 [10]. Cac mau
duoc chuan bj & dang thanh c6 kich thudc 3 x 6 x 120
mm d3 duoc nghién ctru bang thir nghiém LOI theo
ASTM D2863 str dung thiét bi Rheometric Scientific

FTA. Bén canh d6, cac mau 1/16 x 1/4 x 5 inch da
duogc thir nghiém theo tiéu chuin thing dimg UL94.
Hanh vi phan hiy nhiét cua Polymer tinh khiét, phu
gia va cong thire da dugc kiém tra bang phuong phap
nhi¢t trong luong (TGA) véi may phan tich nhiét
Mettler TA 3000. Cac thi nghiém dugc tién hanh trong
mdi trudng khi tro Argon hodc trong ludng khong khi,
ca hai déu ¢ toc d6 60 cm3>phut™! va tdc do gia nhiét
1a 10°Cxphut™’. Két qua thu duoc cho thiy théng sb
ky thuat UL 94 khong ap dung cho PC nguyén chit,
ABS nguyén chat hoic hdn hgp PC/ABS. RDP duoc
thém vao & muc 5 - 30wt.% (wt.%: phan trim vé khbi
luong) khong lam thay ddi tinh dé chay cua ABS, vi
RDP néi riéng va cac hop chét chira Phosphorus noi
chung khong hoat dong tot trong cac Polymer khong
Oxy hoéa [11]. Tuy nhién, véi RDP 5wt.%, PC cho két
qua chdng chay tét hon va dat dugc phan loai V-2
trong UL94. O mirc 15wt.%, RDP cung cép phan loai
V-0 véi céac giot khong chdy va nhd giot duge ngan
chin hoan toan ¢ mirc 20wt.%. O mirc 15wt.% RDP,
PC dat dugc phan loai V-0 v6i céc giot khong chay va
nhod giot dugc ngan chdn hoan toan & mirc 20 wt.%
RDP. Tuy nhién, néu tiép tuc ting ndong do RDP trong
PC (lén dén 30wt.%) thi RDP ¢ xu huéng lam giam
cac dic tinh chéng chay cua Polyme. Khi RDP duoc
thém vao PC/ABS, RDP thé hién kha ning chéng
chay v6i két qua nam giira PC (c6 thém RDP) va ABS
(c6 thém RDP). O muc 15wt. % RDP, vat liéu dat V-
2. Nong do RDP ting (1én dén 30wt.%) dan dén thoi
gian chay trung binh ngan hon ma khong loai bé hoan
toan hién tugng nho giot ngon Itra. Cac cong thirc
chtra 20 dén 30wt.% RDP cho két qua phan loai tir V-
0 dén V-2. PC nguyén chét it bat lira hon ABS nguyén
chat. Hiéu sut chdng chay ctia hon hop PC/ABS nam
gitta ABS va PC (Hinh 4). Khi thém RDP vao ABS,
chi quan sat thay LOI ting nhe (vi du: ting 4 don vi &
tai trong 30wt.%). RDP c6 tdc dung dang chu y khi
thém vao PC, voi LOI ting tuyén tinh tir 25 dén 36
khi thém 0-20wt.% RDP. Thém 30wt.% RDP khong
lam tang thém LOI, c¢6 thé 1a do tc ché hién tuong
nho giot va dong chdy cua nhya ndng chdy. Cac
cong thirc PC/ABS/RDP cho ra cac gia trj LOI gan
v6i gia tri cia ABS/RDP, diéu nay cho thiy xu
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hudng tuong tu vé su phu thudc cia LOI vao néng
d6 RDP. Kha niang chéng chay ciia RDP khi duoc
thém vao PC, ABS va PC/ABS sé& duogc cai thién
hon nita néu str dung cic chit phu gia khac (nhu:
Polytetrafluorethylene (Ptfe); Zinc Borate...) do su
hiép dong tuong tac giita RDP va cac chét phu gia
do [10].

w
th
1

w
[=]
1

PC/ABS

CHI SO OXYGEN GIOT HAN (LOI)
N
(4]

,A—-—---A.-----------._.é
" O ————
QO 20 O ABS
T T T T T T T
0 5 10 15 20 25 30

NONG PO CUA RDP wt.%
Hinh 4: Méi quan hé giita Chi s6 Oxy Gi6i han va nong dé

RDP trong ABS, PC va cac hon hop PC/ABS [10].

4. Viéc st dung thém céc chét hiép dong chdng
chay cing voi RDP dé tang hiéu qua chdng chiy
khong phai 12 mot van d& méi. Mot sé nha nghién
ctru trude ddy da st dung mot sd chat hiéu dong
nhu: Zinc Borate, Polytetrafluorethylene dé ting
kha niang chéng chay cho RDP [12,13,14]. Két qua
thu dugc rat kha quan, cac chat hi¢p dong déu phat
huy kha ning hiép dong chdng chay, 1am ting hi¢u
qua chéng chay rd rét vdi mic ndng d6 RDP twong
duong, tham chi it hon so v6i viéc su dung don 1€
RDP. C6 hai phuong phéap str dung chét higp dong
chéng chay vi RDP. Phuong phéap dau tién 1a sir
dung cac chat hiép dong hoat déng & pha khi.
Phuong phap thir hai 1a st dung chat hiép dong hoat
dong ¢ pha ngung tu.

Do RDP 1a mét chat hoat dong chdng chdy tot
¢ pha khi hon pha ngung ty, nén viéc str dung thém
céc chét hiép dong & pha khi c6 thé khong lam ting
nhiéu hiéu qua chong chay, mat khac, voi kha nang
phan tng rat phtic tap cua cac gdc ty do ¢ pha khi,
viéc sir dung thém céc chét hiép dong & pha khi c6
thé 1am giam hiéu qua chdng chay do cac tuong tac

hoa hoc giita cac gdc o vai tro e ché gbe hoat
dong He va *OH. Piéu nay méi dimg lai 6 mic do
phong doan do chua c6 bat cir nghién ciru 1y thuyét
hay thuc nghi€ém nao x4c nhéan van dé nay. Do vay,
phuong phap an toan hon 1a sir dung cac chat hiép
ddng hoat dong & pha ngung tu. Céc chat hiép dong
0 pha ngung tu thuong xuyén duogc su dung la
Aluminium Hydroxide, Zinc Hydroxide hodc cac
mudi cua ching. Co ché chdng chay cua cac chit
chdng chay hiép ddng nay 1a thuc day sy hinh thanh
tro than hoac tao mot 16p thuy tinh phi Silicon hoa
khong chay, vdi tac dung ngan can dong nhiét hoi
luu va Oxygen tiép xtic v6i bé mit vat liéu chay. Su
hinh thanh 16p thuy tinh phi Silicon nay duogc coi la
wu diém cua cac chat hiép dong chdng chay nay, tuy
nhién, viéc st dung qua mirc s€ gay ra viéc ngan
can sy khuéch tan cac géc phan huy tir RDP, 1am
giam kha nang chdng chay cua RDP trong pha khi.
Do viy, can c6 nhitng nghién ctu tiép theo trong
twong lai dé xac dinh ti 18 nong do gitra chay chat
hiép déng néi trén voi RDP dé tdi wu hoa kha ning
hiép déng chdng chay cia chiing vi RDP.

5. Bai viét nay da tong két cac nghién ciru vé co
ché chong chay va hiéu qua chéng chay ctia RDP
trong pha khi. RDP 1a chét chong chay hoat dong chu
yéu & pha khi véi kha niang phan huy tao ra cac gbc
tu do chura phosphorus c6 tdc dung uc ché sy hoat
dong cua cac gée gy nén sy chay 1a gbc hoat dong
He va *OH. Bén canh d6 ching cling c6 nhitng hoat
dong & pha ngung tu khi lam phdng né 16p tro than.
Véi co ché chdng chay nay, RDP t6 ra 1a mot chat
hiéu qua khi str dung chéng chay cho nhya PC/ABS.
Céc nghién ctru trudc ddy ciing dd xac nhan van dé
nay bang cac phuong phap thir nghiém LOI va UL 94.

Mit khéc, dé nang cao hiéu qua chdng chay
cua RDP va giam lugng RDP str dung trong vat liéu,
cac chat co kha nang hiép dong chong chay ¢ pha
ngung tu duoc dé xuét, ching bao gdém cac
Hydroxide hoic mudi ciia Aluminium va Zinc. Sy
hiéu qua va ndng do cac chit chong chay duoc sir
dung t6i wu ctia phuong phéap nay can duoc tiép tuc
nghién clru trong tuong lai.m
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