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The analysis of thermal flow field in the radiating heating
platform and the tests of intumescent fire-retardant coating
e R
Xin-Yi Lin, Sheng-Yen Hsu
Rz d L S ey
Department of Mechanical & Electro-Mechanical Engineering, National Sun Yat-sen
University
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Abstract

In this study, an experimental platform is built to test the performance of
intumescent coating. In addition, a corresponding numerical model for the platform is
developed to analyze the thermal flow field during the test, which is different to be
observed and/or measured. It can help understand the feature of the platform and the
effects on the test result of coating. The numerical simulation represents that the coating
sample is heated up primarily by radiation. On the other hand, the experimental tests
show that the substrate temperature decreases with the increase in coating thickness. In
addition, to have the same heat-blocking efficiency, the required coating thickness
increases with the intensity of radiant source. In this study, the heat flux increases with
50% (25 kW/m? — 37 kW/m?), the coating thickness needs to increase by 3 times.
Keywords: Oil Separation system, Oil and droplet separation efficiency
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Steel thickness | Coating thickness | Heat flux
Sample No. 5
(mm) (mm) (kW/m?)
R1 2 0.3 37
R2 2 0.5 37
R3 2 1 37




R4 3 0.3 37
RS 3 0.5 37
R6 3 1 37
R7 4 0.3 37
R8 4 0.5 37
R9 4 1 37
R10 2 0.3 25
R11 2 0.5 25
R12 2 1 25
R13 3 0.3 25
R14 3 0.5 25
R15 3 1 25
R16 4 0.3 25
R17 4 0.5 25
R18 4 1 25
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Hot plate(heat source)
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density | specific heat | thermal conductivity
(kg/m?3) (I/kg-K) (W/m-K)
ceramic fiber blanket 96 1140 0.27
ceramic fiber board 250 1190 0.2
substrate & hot plate (steel) 8030 502.48 16.27
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Sample Substrate Applied Substrate Back-side
No. thickness heat flux temperature heat flux
(mm) (KW/m?) °C) (KW/m?)
R1 2 37 528 17.2
R13 3 37 542 175
R7 4 37 530 18.4
R10 2 25 440 6.4
R4 3 25 460 12.4
R16 4 25 444 10
83.33
o 55.88 °ee8 53.37 55;.3.359.63
43.33 46.67 o e
1.65 1.02 107 ‘ 1.78 | 1og| ‘ 159| |
- 1 - a 10 - 13 - 16

M coating mass(g) Mexpanratio M mass lose percent (%)

FIL0 - H AL £ - B S £ EIF4 T A (44 B A 0.3mm)

14



600 30 500 30
500 25 r 25
400 =
o 400 520 Ty N 20
= ] % s00 {1 =
1 b ] 1 =«
5 ] E 50 ] =
® 300 —1s 2 & [ —1s 3
2 1 = 2 - 1 =
E 1= £ 200 cooo000000] T
@ b o Py ——a— Smm 1
= 200 —10 - K 1omm 10
b ) ——a— 15mm 1
] 100 000 ——a—— 20mm ]
100 -5 s top b [
bottom 7] ==& bottom ]
@ heatflux ] & @ heatflux ]
JTETITINEN INSSIE ATASTATE IPETTAr I I ATA A [') ATSFEFEFE EEFEFIFE SIS AN A s
1] 5 10 1] 5 10 15 20 30
Time{min) Time{min)
600 30 , 916
500 — "
500 25 F
400 [~ 12
T 400 20 s F
-2 z o 10
¥ 1 < Tor <
2 1. £ 2 o £
® 300 —716; [ N 8=
g 1.2 g f x
T - .
b r HHOO0000OVOOT
g - ——a— 5mm 1 £ 200 ooaoo""‘w —a— 5mm L
= 200 ° —a— 10mm ]"° = 0007 ——s— 10mm
° —— 15mm o0 —— 15mm 4
——a— 20mm ] 00 ——a—— 20mm
100 i top s 100 ——a—— top
=@ bottom “ e hottom 2
] heatflux ] © heatflux
FENEEN ITSTSTENE PECETETE ITSTETArS IAT A A ol by 0w bew s byw o buu
1] 5 10 1] 5 10 15 20 25 30
Time{min) Time{min)
30 500 20
500 |- 2 3
F 400 =
L F 15
G 400~ 20 g [
< r ] F 00—
] oo o] @ g op o
2 o © 1,.E R £
@ 200 152 el N se=10 3
- GO0
g 1.2 g I 1.2
£ 1 £ 200 60 1
S 200 —— 5mm k H 60 ? —a— Smm i
L —a— 10mm '° L 0000" el 1 0mMmM 4
—— 15mm b —— ] STM -5
—a— 20mm ] 100 o —a—— 20mm _
100 e top —5 ) e top i
=@ bottom =g bottom
<& heatflux ] o @ heatflux ]
JTETINENEN INSNSRIE ATATSTATE IPETArAr I AT AT A Eaoaa by by o bew s b byua
1] 5 10 ] 5 10 15 20 30
Time{min) Time{min)

Bl 11 ~

(€)

(f)

EHERFF R E5H o F Y @RLEE - (b)R4EE - (C)RY

g o (d) R10 5 - (e) R13 % - () R16 5 -

15




422 % K B R 05mm R %%

2 ATIDE KRR Y
CH 12 B G AL R IER S

%E&ﬁﬁ%%ﬁ;

LN

B et LB W I5HAEA SR
At ARG R RVRIRY K IR

%

GHHE R AR A A R 2R B

0.5mm ez 2 2 30 A 42 AH R R 2 {82 andiid
AFRHLAST KR T ERBRR A
EFRIFA Fes P UERBLERAE  TRFL S
FAST R A F AR M
EREF R gt At % K 5 AR (0.5mm)T
Mo REAF SRR G FEE B aoni o

B12« S 41 E £ « IER &

4~ % K ER0.5mm#F* 82 30 A4 2 APFERRZ S aofdE o
Substrate | Applied Substrate Back-side
Sample No. | thickness | heat flux temperature | heat flux
(mm) (kW/m?) (°C) (KW/m?)
R3 2 37 470 134
R6 3 37 468 13.4
R9 4 37 499 14.1
R11 2 25 364 7.3
R14 3 25 352 7.8
R17 4 25 364 3.9
80
64
583 55.29 52
48 50.02
46 43.14 39,53 41.52
3.81 3.94 254| 459 I 5.11 I 3.95 I
[ | | |
3 6 14 17

M coating mass(g) M expanratio W coating mass loss (%)

BERLF A (%K E&OSmm)
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Substrate | Applied Substrate Back-side

Sample No. | thickness | heat flux | temperature | heat flux

(mm) (kW/m?) (°C) (KW/m?)
R2 2 37 438 10.4
R5 3 37 430 9.9
R8 4 37 448 11.2
R12 2 25 340 54
R15 3 25 335 5.8
R18 4 25 335 5.5

73

76
65
59
49.91 48.53 50 49.22
31.77 2936 28.33
10.58 10 55 9.67 9.58 3 74 9 23
8

m coating mass(g)

L4~ L EF ~ HETS %

® expan ratio

p‘?é—ﬂ;}»g‘%

M coating mass loss (%)

A vt (K L%-Esilmm)Jo
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Study on preparation, char analysis and flame retardancy of
polyurethane hybrid containing nitrogen, phosphorus and
silicon
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Cing-Yu Ke, Chin-Lung Chiang, Ming-Yuan Shen
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Department of Safety, Health and Environmental Engineering, Hung kuang
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Department of Mechanical Engineering, National Chin-Yi University of Technology

# &

AT BB R S - R A F R AT A (PU) AT
¢ A5 4 - HOR 2 R 41 2°SiNMR~EDS 3P~ Si-Mapping ~ SEM ~ XDS »
“":# P mAS A T AR B A 4T 2 B8] °SiNMR 3+ 5 1 PU/HBNPSI
Rz g5 6 B R (DC%) 5 T4.4% 0 § R E R ARARR B A H AR gk
1‘#{;?(';2; » P~ Si-mapping & 7= & # 4 7 8 20%:% £_40%F8 &4 A 4 b
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FlAmG o auiER Y > UL-94 j¢ Fail 52 5] V-2 5 5 > %% Bon & s dl
BrPUSsL PUSE 22 L FmR % FINET 7§ ~ 8- # 2808
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MEEF DB D-R%2 - R g AT ffg ~ 3R - RS e

Abstract
In this study, a sol-gel method was used to synthesize a halogen-free flame
retardant, which was introduced into a polyurethane (PU) matrix to form an organic-
inorganic hybrid material, using 2°Si NMR, EDS P, Si-Mapping, SEM, XDS were used
to explore the dispersibility, morphological analysis and flame retardant mechanism.
29Si NMR was used to calculate the condensation density (Dc%) of PU/HBNPSi mixed

DRk SRB e 2Fs 1 BEX 2P UL T AL
2or kA ﬁrw %? TR0 AR BES 2B U kR
E-mail: dragon@sunrise.hk.edu.tw
P RBEFPEATRRIRS ko Mk
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material to be 74.4%. When the condensation density is higher, it represents the denser
network of the material. P, Si-mapping shows that the inorganic matter is well dispersed
in the matrix, whether it is 20% or 40%, further illustrating the uniformity and the
absence of agglomeration, representing the phase between the organic phase and the
inorganic phase. In the combustion test, UL-94 was upgraded from fail (pristine PU) to
V-2. The results showed that the halogen-free flame retardant was introduced into PU
to improve the flammability and dripping phenomena of PU. Therefore, the synergistic
effect of nitrogen, phosphorus and silicon- containing is quite useful to protect
polyurethane.
Keyword: sol-gel method, polyurethane, flame retardant, hybrid material.
SR

BA AT B (PUYE 1% 8 87558 do s g e PR AR E A R 2 42
o F) F BB REG a B P eat B R o RE AT A HRA L
FrT AP PR E  FREY AL BR8] PU £ E{cp ¥
4P Ry “’"’r@ ’3’—%{@ P Ra B i f»_l\ f&ﬁn T h- kg, @ #é%%%i
MEE B GldcR g AT fhfg & 80-90C M F S RMFEREET 0 7 A& 200
CHlt2ZBRTHFAIFEDENF T F 5 PEERN R G H 4o Fpt 22 PU
SPELEE > B L A MR E R Y - & £ 8[1,4-5] -
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2.1.

1)

()

(3)

(4)

(5)

(6)

(7)

(8)
(9)

=~ RERARE S 2
iZE=
Isophorone diisocyanate (IPDI) ; pp Acros Chemical Co, New Jersey, USA ;
Formula : C11H14N203 ; M.\W=222.24

ARCOLPOLYOL 1021(Polyol) ; pip Bayer MaterialScience Taiwan Limited ;
Formula : H(OCH2CH2CH2CH2)nOH ; M.W =700

Dibutyltin dilaurate (DBTDL) : g Alfa Aeser, A Johnson Matthey
Company, London, UK ; Formula : C32H6404Sn ; M.W=631.55

1,4- Butanediol(1,4-BD) ; B p  Acros Organics Corporation, Janssen,
Pharmaceuticalaan, 3A 2240 Geel, Belgium. ; Formula : C4H1002 ; M\W=90.12

3-Isocyanatopropyltriethoxysilane (IPTS); & p GELEST, Inc., 11 steel Rd.
EAST, Morrisville, PA, USA. ; Formula : C1oH21NO4Si : M.\W=247.37

Triglycidyl isocyanurate(TGIC) ; p=p  TCI, Tokyo, Japan ; Formulal : C12H15N30e :
M.W=297.26
10-(2,5-Dihydroxyphenyl)-10H-9-o0xa-10-phospha-phenantbrene-10-
oxide(DOPO-BQ) ; M p Sigma-Aldrich Co Ltd, Taipei, Taiwan ; Formula :
C18H1304P © M.W=324.27

Tetrahydrofuran (THF) » fp TEDIA Co. Farfield, Ohio, USA.
Hydrogen chloride (HCI) » f£ p ECHO Chemical Co., LTD, Taiwan.

(10) H20 - Deionized Water (DI water).

2.2. DOPO-BQ-IPTS-TGIC 2 #] #

AT E ~ & #)(0.20) 0 e 60°CT & (FIRAEF i 2 ) BE o 5T & #-THF 40 »

4 % DOPO-BQ(7.58g)fr IPTS(5.78g) & » 100ml i i #g4c » 80ml &2 THF 7%

0.72ml > Dlwater £2;# » HCl » & #-pH &3 1 4> 217 sol-gel  J& » #-+7 & 3|

HBPSi & 4 » & % % TGIC(6.95g)7% > THF » ¥ HBPSi i& 17 sol-gel 5 Ji 2 |- F& -

H R 60°Cts #-TGIC % % » HBPSi ¥ 1§ & 60°CF J& 2 -] p# 155 = HBNPSI

KA B F fdefil 1o
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HO OH
DOPO-BQ l 60°C,2hr IPTS
0=P—0
o H OFt ?Et
HO T R—Si-OFt
Okt OEt
DOPOBQ-IPTS
OFt
Rfﬁi—OEt + mH,0
OEt

R . OH

OEt. -OH OH OHR off Sl/glgt

OErH/S"*Ro q:f /Sl\fo EOH q{RS‘ §H
\ R ~Q0

R _oH-si—o ’-\ \0 oLk OFt

si P S
“O R J LRSi Sl
OEt~ 1 O O -RSI 0
oH0-fng S Py RE TR ROE
rR-si’ Ry 0/55 O g Sin  Si OH
- ~Si— Sieey” L "O7 1 "OH
R R °TT07 h OBt HO

0=P-0 OH OEt o o g msid OH
0.g/-0__.0 R  OE bEY
R— 0 H OH_ o P s s OH
- [T =si g o w8 L0 oH —
HO 0—C—N g B O RSO TSI — HO
OHp—g| OH OEt'g % oRt OH
/o ~

B] 1 -~ The reaction of HBNPSI.

160 C,2hr

2.3. PU/HBNPSi 2_ %] #

#- IPDI(9.88g)4~ Polyol(20g) % » = $E¥3 ¥ (¥ # H#)T & 60°CT &4 54
> ¥ L% DBTDL it #](0.30)4r » v SEFLP — A2k B, X RS » £ F
F PSRy 2 ) pFts » #-HBNPSI S F » v S04 0 o F u 2 ] PEts » £ #1-4
BD(O089) ' F 2 P BRAEMHAILZ I AZ e LF TR AR IARTT
NIARE FTHCE A, N B EsE 24 ) FF o B AR 5 60°Cis 0 B s ]

N

)

49 24 ) o B R 5 60°Cie Be & B3 e g 8 T 4 4r 0 7w = = PU/HBNPSI
2 BWE o BF SR 20
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pre-polymer
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HO OH

HO NPSi
OH
HO

OH

HBNPSi

l 1-4 BD, 60°C ,2hr

~d
U

SN
- s
@% 8

PU/HBNPSi

o

B] 2 ~ The reaction of PU/HBNPSI.

e ALl
3.1 2°Si NMR

%“gr} 7 & 29Si NMR -k 2# ik B #- < PU/HBNPSI 2 = 418 & & &5 plptg - 2
DOPO-BQ-IPTS 2 & i #4235 3513 -5 i2 BLA-Kf245 £ A2 & > d 7 IPTS - =4
2% = B# § A (Trialkoxygroup, T) » Flpt H g4 2 T Al - & ¥ - 345 5 i4hf-
NCO 7 it £22 DOPO-BQ ¢1-OH Fac A2 77 B E# 5 Ahie-# J\ﬁir"{ﬁé‘
254 Si-O-Si et SR A FE LB BHok B L AR A 3 ¥ P S o
-45~-48ppMm Ak Tk 5 TL B HE[10,11] 5 = B~ S s ik 5 -56~-62ppm & T2 B
[10,12] 5 = B~ % fci 5 -66~-69ppm 3 T3 % 4[10,11] -

3 5 PUIHBNPSI i & 414217 fi 29Si NMR %3 » ¢ Fig. 1 7 s
FIER AL B S TS hesnd 4 vH A H BB T3 54
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Flw kg 2w @ TL ~T2 ~T3 & B2 6 f 0 £5d 07 258 1]

B 30 PUIHBNPSI 32 & 2 454 % & (Dc%) 3 74.4% > § 456 %R ARG pFo 4
H et S HARR R 0 SI-O-Si 4 2 4R et B SIFO 4N F 0 i}
PP R R BT 2 R SR Lo

-20 -30 -40 -50 -60 -70 -80 -90 -100

ppm

%] 3 ~ Solid-state 29Si NMR spectra of PU/HBNPSi.

# 1~ Distribution of area proportion.

Area(%)
Sample NO.
Tl T2 T3
PU/HBNPSi 40% 24.3 44.3 36.8

3.2 EDS 2. P ~ Si-Mapping

Aty A A% PristinePU {w HBNPSi i fo & s R LR H & F 2 [ chjp 7 {2
Hafalereies 47 g5 u372L 8 J5d EDS 2 P~Si-mapping % #] % & 4%
BB~ FIF AR E CF R AT IS Y L e RBRIEGAL 0
P LT AP B ofpF HERE > HRIAHPDE T TR EL o

® 4 5 PU/HBNPSi 20% ~ 40%¢n P ~ Si-mapping B © “rhgw e % 5 4% &
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Bk A PSSt AR ¢ AT A O WY T RBIIE - BABS L FHA
FIPSI A F A 0 FRE RS ¢ g 3 L2008 14005 224 A
SR AL - B 5 T R EBRR G AL A4 FF BAp E
LA EBARE P Si AL EF S R A A A

PU/HBNPSi 20% PU/HBNPSIi 20%

P Ka1 Si Ka1
PU/HBNPSi 40% PU/HBNPSi 40%

P Ka1 SiKa1

Bl 4 ~ Mapping photograph of P ~ Si-containing hybrid : PU/HBNPSi.
3.3 EREF A 47(UL-94)

UL-94 £41% L g i B35 ¥ > 6 45 =0 WU VAR 4o e YR PSP 4 &
B 2 RS LT GG B R AT A RH TR A
Sz g R s~ L V-0~ V-1 2 V-2 S0 KB 5 2 £ 2% I Pristine
PU Sird Bizfr % Fail 0 2 5 A2 B % 8T 6 “rf 2 enff 170 2 '
FkARH e 2 40% > PUHBNPSI i & 418 L G e e pe B 2 &) 5 0.7 2 16.1 )1
YR fed 4 A GFRIRG 0 T BB L V-2 %50 i34 AR F HBNPSI gyt
g PRk L LB ¢ O AR A fREAY 6 S F A o
AZREAY T BB R 0 T € £ o5 B4 (surface migrates) T % [12-
13] » A g s § P B B AR I A FRAILEREAL S
T Flm B IEIgE B e -
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V-0

UL-94

Fail

10% 20% 0% 40%

Concentration

] 5 - Effect of various HBPSi contents on the UL-94 of PU/HBNPSI hybrid.

#. 2 ~ The flame retardance of PU/HBNPSI hybrid by UL-94 values.

UL-94
Sample
t1+t2(s) Ranking Dripping
Pristine PU >30 Fail Yes
PU/HBNPSI 10% >30 Fail Yes
PU/HBNPSIi 20% >30 Fail Yes
PU/HBNPSi 30% >30 Fail Yes
PU/HBNPSI 40% 16.8 V2 Yes

3.4 A58 F & ¥ (SEM)
FEFFFRAT T REREEZRE ST L w BB PR 2 A 2

HRE B ug o d B 6“7 > B(Q)BEL % Pristine PU & & %%+ 4 5 £.T
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Bio— 4pil G 4p A Hravkin o Bl(b) 3 %&iE £ 5 o Pristine PU - ¢ % Pristine PU
T b R SV 6 F B R T T R B B el R AR
# 2 > Bl(c) 5 PU/HBNPSI 20% A 285 4 5 + R P 5 T > 7 i
7 #¢ HBNPSI @ § 4p & gk & > HI(d) 5 PU/HBNPSI 20% 2 & 2 %8
BPGANEFFIRE LR A ARERE A0 BB Rd NS REAS S
PR PEFE TR A i T 3 UL-94 4p e i 0 F]gt PU/HBNPSI 20%:8 8_% %% e
Bl(e) 5 PU/HBNPSI 40% 4 %'+ 8 £ &  { P & 57 HBNPSi 3 » e 32§ 7]
G221 40%A § Ap A dpz tEe o BI(F) 5 w9EE 4 6 <0 PU/HBNPSI 40% - +
MBI EAE LTI RBEREREFMESLG 0 AL P AFAERK
B R ERE SI A ARERFE LA EBYIRBDOE A FRE AL
w[11-13] > refg F A2 VR B @R B3 AR LT

(a)

%] 6 ~ SEM micrographs of composites (a)Pristine PU (before burning)(x1K) ~
(b)Pristine PU (after burning)(x1K) ~ (c)PU/HBNPSi 20%(before burning)(x1K) ~
(d)PU/HBNPSI 20%(after burning)(x 1K) ~ (e)PU/HBNPSi 40%(before
burning)(x 1K) ~ (f)PU/HBNPSi 40%(after burning)(x 1K).
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35 & RA % (XPS)

% 18 XPS % sz PU/HBNPSI 32 & 4 3 8 = 2 1% B 8 % %% 800°C t5
SRD BB 0 XY RBIERHAG D PU Y R T A
FUw M A HE g PR BRMET AR T~12012 £ 34 BN TR
B o

4B 7 ¢ XPS 42 #F B ¥ 12 5 | Pristine PU ~ % ;8 © PU/HBNPSIi 10% ~ % i§
= PU/HBNPSi 40%-c % ;8 ¥ %% 800°C ™ - PU/HBNPSI 40%;8 = +412. ~ % %
o B@tRHAFEF CoONZfE~F - B(D) 5 7 te 20037 2 & 0 = 414
FHERS O P Si ~Fandiio @A F 5 1% DOPO-BQ & IPTS & - #54 XPS
oA Bl S R L § P SiAE s o BI(C) e 0% § m A iR
P 20 g R AT PSIAF 7 RS T T EI(D) S 2R 5 40%
FE RABP AR SR T g Y IR RER S PS8 A F G L e
FEFL P AG AVEERY kS ER A Si ANERERERS LG
B I % [12-13] 0 AR AKX - K F PSichE R A kB

d Bl8~12 A~ %% Cls~Ols~P2p4- Si2p 2 ¥ B3 &2 8 T 2 % ;% 800°C
[ ekt fg g i o

FARKCIs RS » 7 LREI LG A Y A By 2 284eV(C-C/C-
H)[14] - 285.4eV(C-N)[15] - 288.5 eV (C=0)[16] - 284.5 eV(C=C)[17]% 286eV(C-
O)[18] » FItt#t chife sudr 3 7 it 4+ » 70t Lol ¥ ip) 17 282.9eV(C-S)[19] » 518
BEB00CHF M o MP AR EREERIEI L FE CCHET ERS

SRR THRB8 9

BFL Ols Bd ¥ VBRI L5 = /7 i 4 0 B % = 531.2eV(C=0)
532.26V/(C-0)~531.5eV(P=0) % 530.66V/(Si-0)[20-24]> 3.0 3 i F fo i i #F 1>
GEBABAE R 1A 0 b AR % fode £ 5 sol-gel & &1 #r A 2 Si-O-Si B &

FRAT FRENT G P SEREET LG ERT AL - R L gR
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& B=OFk s itejpdsg s 2 > 25 E10-

P2p Bl:% ¢ $ 131.5eV(P-C)[26]4r 133eV(P-O-C)[25] - €_F]*+ ¢ * DOPO-BQ
EposAl e I ehgEfE 0 SE R EIFEK F V18 0 22 135eV(P205)[26]4- 133.1%

0.3eV(P2074-)[27] & 4 #h 1- 3+ » A5 & B8 > b 3 fE i Wit 4 B d
R R ke BEETTE 1L

£ A3 Si2p B o B 12(a) % (b) 5 T S aER R AL Rk R F
@F1% ¥ =48 & R Tk RMEE F 2 B 0 R = feES 5 100.7eV(Si-C)
101.6eV/(Si(-01)) 2 102.2eV/(Si(-02)) » Bi(b) 5 i5 B e # ¥ 1+ 15 Si-C i) % »
3. 101.6eV(Si(-01)) ~ 102.2eV(Si(-02)) = 103.5eV/(Si(-04))[28] » o *+# it 4 ¢ #&
He k= F 4@ oL (Si(-O4)) A 55 B B 4e 0 pt B % & 7 PUHBNPSI 2 & 455
WEES 6 AL Bk e R A -

2 TEETw e
o 1%, 95wt %
N LBt

ir ) Pristine PU

L T
(¥ 13, 2%
N 285w
TR R

P Bdwrs
(b PUHBNPST 10%RT -
C: 6. 58w
3 282wt
AN
Si:5. 8 3wr %
P 086w

(o) PUATBNPST 40%RT - 3
T e e A x.:.dll*.'fr

s

3 TE 3wt
o 59, 5 S,
S22, ety
P L3I

V) PLAHBNPST 40%800°C Ry
- ; _ . _— - s "-.-IH \:I-‘IHI.-F

000 800 e 400 200 | 0
Binding Energy (eV)

B] 7 ~ XPS survey spectra of (a) Pristine PU ~ (b) PU/HBNPSI 10% at RT ~ (¢)

PU/HBNPSI 40% at RT ~ (d) PU/HBNPSi 40% at 800 °C.
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Cls

_F)(-\‘-'\"T.."
. ¢ . . . . . I v
290 288 286 284 282 280
Binding energy (eV)
(@ RT
Cls (b)
A

202 200 288 286 284 282 280
Binding energy (eV)

(b) under air atmosphere at 800°C for 30 min

] 8 ~ Cls spectra of PU/HBNPSi 10% (a) RT (b) under air atmosphere at 800°C

for 30 min.
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Cls (a)

“__ﬁ_“’/k"-
I i I B 1 v 1 I B
290 288 288 284 282 280
Binding energy (eV)
(@) RT
Cls (b)

y ’ y . ’ . . ’ ’ ’ y
282 290 288 286 284 282 280
Binding energy (eV)

(b) under air atmosphere at 800°C for 30 min

Bl 9 ~ Cls spectra of PU/HBNPSI 40% (a) RT (b) under air atmosphere at 800°C

for 30 min.

34



! /\
h%\ g
R e

o e, —— . i - . -
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540 538 536 534 532 530 528 526
Binding energy (eV)

(@ RT

O1s (b)

' T v T y T 4 T ¥ T . T ¥ 1
540 538 536 534 532 530 528 526
Binding energy (eV)
(b) under air atmosphere at 800 °C for 30 min

] 10 ~ Ols spectra of PU/HBNPSi 40% (a) RT (b)under air atmosphere at 800 °C
for 30 min.
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Binding energy (eV)
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P2p (b)
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B8] 11 ~ P2p spectra of PU/HBNPSi 40% (a) RT (b)under air atmosphere at 800 °C
for 30 min.
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# 3 ~ Binding energy (eV) and relative peak intensities(%) of the various
components of C1s peak-fitted signals.

Cils
Sample NO.
C-C/C-H  C-Si C=C C-N C-O C=0
PU/HBNPSi 10%-RT 0.31 0.16 0.11 0.12 0.15 0.08
PU/HBNPSI 10%-800°C 0.11 0.20 0.37 0.11 0.09 0.10
PU/HBNPSi 40%-RT 0.38 0.15 0.10 0.15 0.13 0.08
PU/HBNPSI 40%-800°C 0.14 0.38 0.48 0.12 0.05 0.07

% 4 ~ The values of Cox/Ca of composites at RT and 800°C.

Temperature
Sample NO.
RT 800°C
PU/HBNPSI 10% 0.33 0.24
PU/HBNPSI 40% 0.27 0.11

T~ S

A3 41 2Si NMR = 12 8 5] PUIHBNPSI 8 & #4419 &2 § % ens5 & f2 &
BOTALY%  FHRE HARARE N AARR RS AL - £ 4P ~ Si-mapping B
# I HBNPSI s 40 2 A1 7 eha fr 8288 T35, £ Bl sk R A4 @ 5 B
R G BBP MR S Bl A adp F e 1% UL-94 2GR = 4 e 2t e
o &% 87 UL-94 0% % > Pristine PU E_Fail % &g d A 40%7s 3 $#%& =
3 V-2 Eao L B R m’T 4vf ke d Pristine PU ergp 2 (2 5 o 335 i
XPS 44+ PU/HBNPSi i & Hiflie (7 £ R A 45 - % k2|3 g Ry 3 e b 2 7
s B |2 0 S XPS 11 Cls~ Ols 2 Si2p Bl3# > SR Baraitd 2 0§ = 928
el nEDREMA R FERARZ S AP R EIRF ALY
Z FLf L amek o

38



10.

11.

I~%F= ;I;‘Je
Song L., Hu Yuan., Tang Y., Zhang R., Chen Z., Fan W., Study on the properties
of flame retardant polyurethane/organoclay nanocomposite, Polymer Degradation
and Stability, Vol. 87(1), pp. 111-116, 2005.
Kumar R., Yadav R., Kolhe M. A., Bhosale R. S., Narayan R. 8-Hydroxypyrene-
1,3,6-trisulfonic acid trisodium salt (HPTS) based high fluorescent, pH stimuli
waterborne polyurethane coatings, Polymer, Vol. 136, pp. 157-165, 2018.
Bed6 D., Imre B., Domjan A., Schone P., Vancsoe G. J., Pukanszky B., Coupling
of poly (lactic acid) with a polyurethane elastomer by reactive processing. Eur.
Polym. J., Vol. 97, pp. 409-417, 2017.
Zhu S. W., Shi W. F., Flame retardant mechanism of hyperbranched polyurethane
acrylates used for UV curable flame retardant coatings, Polymer Degradation and
Stability, Vol. 75, pp. 543-547, 2002.
Chena J., Zhanga J., Zhua T., Huaa Z., Chenb Q., Yu X., Blends of thermoplastic
polyurethane and polyether—polyimide: preparation and properties, Polymer, Vol.
42, pp. 1493-1500, 2001.
Chen X., Ma C., Jiao C., Enhancement of flame-retardant performance of
thermoplastic polyurethane with the incorporation of aluminum hypophosphite
and iron-graphene, Polymer Degradation and Stability, VVol. 129, pp. 275-285,
2016.
Lorenzetti A., Modesti M., Besco S., Hrelja D., Donadi S., Influence of
phosphorus valency on thermal behaviour of flame retarded polyurethane foams.
Polymer Degradation and Stability, Vol. 96(8), pp.1455-1461, 2011.
Zhao Z., Jin Q., Zhang N., Guo X., Yan H., Preparation of a novel polysiloxane
and its synergistic effect with ammonium polyphosphate on the flame retardancy
of polypropylene, Polymer Degradation and Stability, Vol. 150, pp. 73-85, 2018.
Fan Y., Wang G., Huang X.., Bu J., Sun X., Jiang P., Molecular structures of (3-
aminopropyl) trialkoxysilane on hydroxylated barium titanate nanoparticle
surfaces induced by different solvents and their effect on electrical properties of
barium titanate based polymer nanocomposites, Appl. Surf. Sci., Vol. 364, pp. 798-
807, 2016.
Jin Q.F., Liao G.X., Jian X.G., Synthesis and characterization of trimethoxysilyl-
functionalized poly (phthalazinone ether ketone), Chin. Chem. Lett., Vol. 8, pp.
1137-1140, 2007.
Paquet O., Brochier Salon M.-C., Zeno E., and Belgacem M.N., Hydrolysis-

39



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

condensation kinetics of 3-(2-amino-ethylamino) propyl-trimethoxysilane,
Materials Science and Engineering: C, Vol. 32(3), pp. 487-493, 2012.

Velencoso M. M., Ramos J. M., Klein R., Lucas A. D., Rodriguez F. J., Thermal
degradation and fire behaviour of novel polyurethanes based on phosphate polyols,
Polymer Degradation and Stability, Vol. 101, pp. 40-51, 2014.

Shi Y., Wang G., The novel silicon-containing epoxy/PEPA phosphate flame
retardantfor transparent intumescent fire resistant coating, Appl. Surf. Sci., Vol.
385, pp. 453-463, 2016.

Wu C.S., Liu Y.L, and Chiu Y.S., Epoxy resins possessing flame retardant
elements from silicon incorporated epoxy compounds cured with phosphorus or
nitrogen containing curing agents, Polymer, Vol. 43(15), pp. 4277-4284, 2002.
Liu W, Chen DQ, Wang YZ, Wang DY, Qu MH., Char-forming mechanism of a
novel polymeric flame retardant with char agent, Polymer Degradation and
Stability, Vol. 92, pp. 1046-1052, 2007.

Chen X, Hu Y, Jiao C, Song L., Preparation and thermal properties of a novel
flame-retardant coating, Polymer Degradation and Stability, Vol. 92, pp.1141-
1150, 2007.

Wang Z., Wei P., Qian Y., and Liu J., The synthesis of a novel graphene-
based inorganic—organic hybrid flame retardant and its application in
epoxy resin, Composites Part B: Engineering, Vol. 60, pp. 341-349, 2014.
Teng C.C., Ma C.C.M., Lu C.H., Yang S.Y., Lee S.H., Hsiao M.C., Yen
M.Y., Chiou K.C., and Lee T.M., Thermal conductivity and structure of
non-covalent functionalized graphene/epoxy composites, Carbon, Vol.
49(15), pp. 5107-5116, 2011.

Zhou S, Song L, Wang Z, Hu Y, Xing W. Flame retardation and char formation
mechanism of intumescent flame retarded polypropylene composites containing
melamine phosphate and pentaerythritol phosphate, Polymer Degradation and
Stability, Vol. 93, pp.1799-1806, 2008.

Dutkiewicz M., Przybylak M., Januszewski R., Maciejewski H., Synthesis and
flame  retardant  efficacy of  hexakis  (3-(triethoxysilyl)propyloxy)
cyclotriphosphazene/silica coatings for cotton fabrics, Polymer Degradation and
Stability, VVol. 148, pp.10-18, 2018.

Kim H. S., Kim H. J., Enhanced hydrolysis resistance of biodegradable polymers
and bio-composites, Polymer Degradation and Stability, VVol. 93(8), pp.1544-
1553, 2008.

Kannan G. A., Choudhury N. R., Dutta K. N., Synthesis and characterization of
40



23.

24,

25.

26.

27.

28.

methacrylate phospho-silicate hybrid for thin film applications, Polymer, Vol.
48(24), pp.7078-7086, 2007.

Chana M. I, Lau K. T., Wong T.T., Cardona F., Interfacial bonding characteristic
of nanoclay/polymer composites, Appl. Surf. Sci., Vol. 258(2), pp. 860-864, 2011.
Chai B., Yan J., Wang C., Ren Z., Zhu Y., Enhanced visible light photocatalytic
degradation of Rhodamine B over phosphorus doped graphitic carbon nitride, Appl.
Surf. Sci., Vol. 391, pp.376-383, 2017.

Zhang W., Li X., Fan H., Yang R., Study on mechanism of phosphorus—silicon
synergistic flame retardancy on epoxy resins, Polymer Degradation and Stability,
Vol. 97(11), pp. 2241-2248, 2012.

Zhang Y., Ni Y. P., He M. X., Wang X. L., Chen L., Wang Y. Z., Phosphorus-
containing copolyesters: The effect of ionic group and its analogous phosphorus
heterocycles on their flame-retardant and anti-dripping performances, Polymer,
\ol. 60, pp. 50-61, 2015.

Huang C., Puziy M. A., Sun T., Poddubnaya I. O., Fabian S. G., Juan M.D. T,,
Denisa H. J., Capacitive Behaviours of Phosphorus-Rich Carbons Derived from
Lignocelluloses, Electrochim. Acta, Vol. 137, pp. 219-227, 2014.

Brookes N. P., Fraser S., Short D. R., Hanley L., Fuoco E., Roberts A., Hutton S.,
The effect of ion energy on the chemistry of air-aged polymer films grown from
the hyperthermal polyatomic ion Si.OMe®*, Journal of Electron Spectroscopy and
Related Phenomena, Vol. 121, pp.281-297, 2001.

41



R MERHE TR L EL AR ]
The Combustion Behavior of Wood Cribs in a Compartment
of the Full-Scale Experimental Steel Building
Bl Afmwm? 2883 44
Hsin-Yang Chung, Yi-Hsiang Chao, Chi-Chung Lee, Jyun-Cheng Jhuo
BB A1 a8
Department of Civil Engineering, National Cheng Kung University
M FTERE BT T AT
Architecture Building Research Institute, Ministry of Interior

52
k%%&%*ﬁ-lﬁ@ﬁﬁ”ﬁ jﬁ'!]"}ﬁ’(ﬁiﬁ 5%,&1,};@4 3£ ;ﬂ‘f ﬂé.\; ﬁf’ﬁiﬁ%iﬁiﬁ;;/gﬁ‘L
SR RECEFARMEE CRPL P E0 T F LR SR LTI

BERADRTEFREY Fr R g °BWAWﬂﬁﬁ*ﬁﬁ#m*ﬁ*ﬁk
(4 0 3~ qr)endd X 4 HeEk 0 A & AR B RIRE CNS 12514-1 T A4 4
Wrm v ERE -8 L% L REH | EAPM RS N HE - ey
B ;ﬁuz%,ﬂﬁ. WL BET O VPSR R o Ra o P AERD 2 AN
%@ﬁ%ﬁm?ﬁ£ﬂ$EJfﬁﬁuﬁﬁ-wéﬁwwﬁmiﬂﬁ%W&’
@ﬁn_}%ﬁé ;;?5@,-—:,153 L*ﬁ#m*f#*‘f#l*“;“”i”rmg
FEREEFL T d;ﬁnﬁ BIRGFERE D E LR o AL B AR Jz*“t*mﬁ" T
PR E Z R T A L a RS H A FFERFRFARE - PR <
GEHEFREARF ZF VT TR A FEEH VTR FHEDS F’“\'
K DR TP e
MeEF © F < FMmEFERIZIF LR LR A
Abstract
Fire is more hazardous for steel buildings than RC and SRC buildings. It is
necessary to conduct complete and thorough research for the fire influences to steel
buildings. At present in Taiwan, the fire-resistance test for a building structural member
(such as beam or column) mainly follows CNS 12514-1 and the related codes, which
test a structural member in fire to obtain the fire-resistant time and strength. However,
this kind of test method does not consider the restraint forces between member-to-
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member connections in a real steel building on fire. Hence, through the fire test of an
experimental steel building, we can study the real structural behavior of a structural
member, and discuss the differences between the real fire test and the standard fire test.
Under the supports from Architecture and Building Research Institute (ABRI) and
Ministry of Science and Technology (MOST), our research team conducted the first in-
site real fire experiment for a full-scale experimental steel building. This paper
describes the compartment fire test portion of this fire experiment.

Keywords: Full-Scale Experimental Steel Building, Compartment, Natural Fire, Wood
Cribs
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Performance analysis and improvement of the natural
smoke exhaust system in an existing office using numerical
analysis method
FAml. gz 2. mp g gy et
Chung-Hwei Su, Wen-Chu Jin,Ming-Je Tsai, Yu-Kai Zheng
R gafd 8 Bued 22 148 5 (9)

Department of Safety, Health and Environmental Engineering,

National Kaohsiung University of Science and Technology, Kaohsiung, Taiwan
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Abstracts
Low installation costs and maintenance costs are the advantages of a natural
smoke extraction system in buildings. The efficiency analysis and improvement of the
natural smoke exhaust system in an existing office were carried out in this study. The
internationally renowned simulation software Fire Dynamics Simulator (FDS) and the
evacuation simulation software Pathfinder were used. First, the evacuation time were
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analyzed when 15 people took refuge in an existing office of 325 m2. The results of the
study showed that the compartment opening of the fire room was changed to face the
large office and close to the natural smoke vents if all openings of small rooms were
opened, there was a longer available safe egress time (ASET). For the Room R2 fire
and the rear Room R1, there would be a worse evacuation environment in Case 4 that
the height of the natural smoke exhaust was reduced by 20 cm. After detailed analysis,
the wall above the exhaust vent increases the resistance of the smoke flow and the
radiant heat feedback will affect the egress environment of personnel.

Keywords: natural smoke exhaust system, Fire Dynamics Simulator (FDS), Pathfinder,
compartment fire, smoke exhaust vent, available safe egress time (ASET)
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Abstract
The steel industry is one of the energy-intensive industries, accounting for a very
high proportion of global energy consumption and carbon emissions. Taiwan's steel
industry energy consumption accounts for 15.7% of the industrial sector, second only
to the chemical industry and the electronics industry, how to reduce energy
consumption and carbon emissions in steel production have been an important issue
today. Therefore, the government formulated the energy efficiency regulations for the
steel industry in 2013 and implemented the mandatory energy-saving 1% policy in 2015,
forcing the industries to carry out energy-saving measures to improve their energy
efficiency. The energy efficiency of the steel industry has been increasing year by year,
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and the government's energy conservation policy has been effective. The International
Energy Agency (IEA) also proposed energy transition in energy-intensive industries to
achieve long-term energy-saving and carbon reduction targets. Taiwan's steel industry
has also played an important role in this energy transition. The purpose of this paper is
to analyze the production and energy efficiency trends of the steel industry, explain the
efforts and achievements of the domestic steel industry in promoting energy
conservation and carbon reduction, compare the energy transformation strategies of the
international steel industry with the domestic steel industry, and finally propose the
energy of the domestic steel industry.

Keyword: Energy Efficiency, Energy Intensity, Specific Energy Consumption, Energy
Transition, Material Efficiency, Carbon Capture and Storage
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