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ABSTRACT

Flash point is the most important variable used to characterize fire and
explosion hazard of liquids. Herein, partially miscible mixtures are presented
within the context of liquid-liquid extraction processes. This paper describes
development of a model for predicting the flash point of binary
aqueous-organic solutions with partial miscibility. To confirm the predictive
efficacy of the derived flash points, the model was verified by comparing the
predicted values with the experimental data for the studied mixtures: water +
1-butanol; water + 2-butanol; water + isobutanol; water + 1-pentanol; and,
water + 1-octane. Our results reveal that immiscibility in the two liquid
phases should not be ignored in the prediction of flash point. Overall, the
predictive results of this proposed model describe the experimental data well.
Based on this evidence, therefore, it appears reasonable to suggest potential
“application for our model in assessment of fire and explosion hazards, and
development of inherently safer designs for chemical processes containing

binary partially miscible mixtures of water with one flammable solvent.

Keywords: Flash point; Prediction; Partially miscible mixtures; Vapor-liquid

equilibrium; Liquid-liquid equilibrium
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(Xl % 7/1 )0{ phase — (X] % 7/1 )ﬂ phase
(x2 x 7, )a phase _ (xz % 7, )ﬁ’ phase (2 _1- 37)

Rz BERPS BN 2T RER L S Lo
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%2 & 3 %454 (Flammability index) ©

FRHUWEEF —ZFREF > V- BR Y DR L Wk
(Flammability index ) » #* 15 5 $5 i 043 & F JB R $3 5 MVHET Lt
o PR EF T F Y PHBERS o B OET L LFL > B
b dp iR

Vi
e 2-2-1
Y LFIL, ( )
ol - R aRy —2§RE

ﬁ}‘;‘ ’ ’g J‘)"L#,':i:ﬁ: ;&}2_&-_7’\’1— )\}.L,I,l )\}.L
WU 2 RS 10 F EyBA N8 00 Lr

e~ /}E)ié\igﬁw’}% H

o PIERESF LT FE, B L RIEREF AT B
A IR A R Ak A O

(2-2-2)

4=

FEF —ZFREFoREE

TR kR B T LA e § R g

&g end g iR S

AR S M’iﬁ 5 E R DSk

X
I

o) & e d R R e s T AT
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Yum Vi
B = - 2-2-3
MLHMEQHi ( )

Ho yya#5F 2 0p 02§ @ kR > T L BRIV R S kR R

L o
(d
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I IO RSOk Rz AR R

RN L ARE

- TR - TR DR A A
(MG, ) » B BRI RIS AT NI F o5 HLAd ¥
./‘E}i };':3 zEy :J\, mt«(% \"&r—-’:
AGEX
RT =X, XX, ><[2+0.2><(x1 —xz)—0.8(x, —xz)z] (2—3—1)
— =X fig ¥ 2B 7] binodal & A2 tie line ~ = =X fig 4 ¥ 14 {F 3] spinodal

W AR~ = XA ¥ O 1 D9t 2k (critical point ) (L B 2-3-1 ¥2 2-3-2) o

oS o AF

u

Binodal curve & # 4 & + {25 &2 A i B o n» ¥ B R

&

b BF % FERd A (cloud-point curve ) F Sk kil S MR

"SD'

AR k- T EpE e §FRE V% binodal curve kg it & o= i eni Rt

(chemical potential ) .3 4p» £ 4p % o g & 5

0AG,,
A/,li — mixture

on, (2-3-2)
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water phase __ oganic phase
Apy =Au,

AIU 2water phase — AIU ;)ganic phase (2 — 3 — 3)

Spinodal curve £ 4% 4 & + LR B 2R AL T el T ok AL Bpt

)L 2= VA

OAu,

%, =0 (2-3-4)

T.P
g5 > A JHFL T

Critical point & binodal curve £ spinodal curve 7% ¢ 2k » b 8L 5 it
okt ie & - A - A LR o

P TBT BT - X PREBRL AL, TEEREST

.-1 E] ‘:‘; Hh mﬁuc%;\:-&r'r

AGEX

RT =X, XX, x[2+0.2><(xA ~x,)-0.8(x, —xB)z] (2-3-1)
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R iE € F T A& (excess properties )

MEXCEW :M_Mldeal (2_3_5)
M %51 & # 4 8 (extensive thermodynamic properties) 2 3 2 i@ > R
@E‘ﬁ%&ﬂlii%; \ﬁ/p/lir}?ﬁrﬁ PE/L‘PE[i fo de = T 12 A8

BRI e i o - (23-5) RE o B ART P Ha, T

MExcess — M,’ o, M!dml (2 -3- 6)

(2-3-6) T & 71 ML EEMF (partial excess properties ) ¥ €2 &

te fH % it (the excess property change of mixing )

— ME’ccess (2_3_7)
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g”@l&ﬂ@?éﬁﬁ”']{{?‘r%ibi%"@—g‘:ﬁgo E} (2_3_7)@&?#4‘? E} ;E

RT RT

_ﬁ_AQ]deal
RT RT

2
=Y x,xIny, (2-3-3)

2
: AzG =0 (2-3-9)
ox ), -

i3 BLfR2 B G R AR R -

|
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B AR AAT ST A S ST B gt L

AG=x, X(IUA _GA)+XB X(IUB _GB)EXA XAG, + x5 xAG

:{MGL=<yA—GA)—<yB—GB>+xA(§”Aj+x5[%j (2-3-10)

0x, X, 0x,

1295 Gibbs-Duhem = 25 Hardk (o @ 4p 5 % o =

0°A 0 0 0
2G _ H 4 il Hp _ Hy 1+x_A (2_3_11)
oxy )., Oxg 0x, Ox,

% 4% ¥ 4% (the limit of stability ) p*

on TPy ox, \ ox, n \ ox,

Flpb - T gr2 A 2kl v, =0.3512 0.69 (54 B 2-3-1 & 2-3-2) o
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- -~ - A
-Q4 -
-
il
5B A
-0281H—
| | | |
(o] 02 0.4 0.6 o8 1.0
- —
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B =% 4 T,
- o 1l

Bl2-3-2 #ELLRM A LA EHAE
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NRTL for excess Gibbs energy -

Excess
AG =X, XX, X 75 %Gy 4 _Fas XG4 (2_3_13)
RT X, +x,Gy, xp+x,Gp

UNIQUAC for excess Gibbs energy

AGE = AGE** (combinational )+ AG(residual) (2-3-14)

4 > NRTL = #2"4c UNIQUAC!"®= 4z i % &

2
(a AGJ <0 (2-3-15)
T.P
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EER LRSS R S =

T RENPRR AL LA FEFEHRE- EATR
ARz hefodi o TAAPEY F RRAP RS A KT R F

S\ , N . >
FE - s mBROETIANY - &

|l

P VR R e
1B o 2H H IR BRI e X ATBIE R g A2 5 BB R
B oo i ¥ F 5 & 9503 % (conjugate solution) ° 134507 fR A IR & % 1 R

(ESNR IR WA %/li’%": R R E e S R Rt AeT o

PR R R ERME AL B A M U RES - BR

PP Z Ao R lesdple o Ay 0 B - Rk o AR A de

—\

PG EAR Ry b e 2B 241 7k g (C) B %
SSECTEN: SETRE NI N EY EC NG AEYDIRE TR S

¥ 2703

o

ok R EIBG et T R Ak 2 e B A~ 1

TR Faaeets (oW L B) o Rler R T R BB fR 0 B

S

»’1

7R R

i

S A AT - AL, CRBER T R e o) Al

F

T?J{é—_ﬁ_’ﬁ%t‘ m/ ﬁz"a)—i"l« %’Kﬁ%ﬁﬂﬁgﬁjét)\ ’#gﬂ/:%g\!’"ﬂ llré'lzﬁ)}



Boed o KRR FHET R REAF kA (L) B&EBIES - F 1
TR (L) BERBH Ao g b L BE LR FORA YA ot EEFD
TR A P B2 (T, o20304) o L 2l kBhr BH -

AR > TR B TR PR AR o iRAR o

. e ':, 140 T T T I T T

120+
100+
T
80 . 5
T e -
60
/3 E TR R i ....... %. ....... E
401 _
20 = Ll _|_ L 2 3
0 i
| | 1 | 1 | | . 1
90 80 70 60 50 40 30 20 10
.
TR (.2 ) g a4 wt%

Bl2-4-1 K« (1) +ETE (2) REHERGH %

d W7 LApEL,Arl, & - ¥ £ #5273 7% (conjugate solution) > U i =1

HEAERAWELATIERTE T BARY FBBEAEfRAER T BY O

o

~ Y

{

fER - F X EIT  FPIE> NBITUAPBA A DT 7 B Aok P 7 &
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BIRAR  NLE A LARER AR Bl TR PR e feid iR Ap o H ¥ L e
Lr AT - HEERR B OERA WAL ERTE Y ALY
BFERIUE R BT TR ORRR cBARNMZE A om Lz kE
AN RARFERERLE 0 RfRAER A c FEHARIERT L T AR ALK
¢ Aol fRR DB L R AR R B TR A {oip fRR D
Bhly 0y 1) FHEAT KT S Ao 2-4-1 ST AR Y Mo L 5 1T fE
Bk SR ERY MA i SR AL T R R RR Y R o At BLH
— AR E U PEA AT (BRLAL) 0 AR E P & 5P B R, ],
LM (teling) o @84 ABF A BM (tieline) + #6 » A
Rehe 2 o REG KRS G E T A S A TE W W, ik T

FEREOEET R IoBP AT TQ BRIRK AT F 5N
W,
gt 2-4-1
W, ( )

KRBT g BRAAR A LFEREYRE - FRAS I

Lk el & BONY M ko BT (125.15C) AETFEF TR B
RER o BRTRAEA L A G A KRG KR RN TR
- RAR o TR A R RARI > R T B AR T BT TRR R R
HAEKRERRHF DI B B k27 B k2o w0 okt

o AR g 41 2@ (£ E 2425243244~ 245~ 2-4-6)

35



&% C 140 T T ; T ] T
1204 T ~
100} -

1.1 L2
80 2
60| -
st -
20 |- Li+12 B
ol _

| | 1 | | | | {i-a: |

a0 80 m 60 a0 40 30 0 10

2-Ta (2) TG 4 W%

B2-4-2 & (1) +2-T8& (2) BE#HaR4H%
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120 Ve .
100 B
T4 L2
8o} §

' -
of 4 Tt T -

20 |- .
ol E
| | 1 | | ] ] !
90 80 Bl G0 50 40 30 20 1o
=3
A& LD £ AR L

B2-4-3 K (1) +E T8 (2) &K ¥4 iM%
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90 80 70 60 50 40 30 20 10

iF%EE (2) Fwd gk wih

B2-4-4 K (1) + E/&R8F (2) %48y M %
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Li +1L:

50;

0 I 1 1 1 1 1

600 500 400 300 200 100

O S = 6
FH G Xeesg <10

B 2-4-5 K (1) + E¥i (2) BEHakkik

150

100

50 1

O 1 1 1 1 1

100.0 99.9 99.8 99.7 99.6 99.5

R E Xesn
B2-4-6 K& (1) + E¥ik (2) &K H4E kb A&
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Hoo 2853 i3 kiR U AR Y L R ek e R dee §R &R iR o
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£ 31 P AFT R AT ch¥ e~ kR 2 kR o

4 3—1 Fm 7 HE

PR | FFERR AR (B E)
KRN 18.2MQ.cm Milli -Q plus system
T 7 pE 99.97% J.T.Baker > U.S.A.
2-7 % 99.8% Fisher Chemical > U.S.A
B 99.99% TEDIA > U.S.A.
Nl 99.5% TEDIA » U.S.A
o 3% 98% TEDIA » U.S.A
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e R AR L B g L BLARRIRF D] 0 £ BRS¢ (ASTM)
ST * ehEE X B r 5N P U BEIE Sk 2 (Tag Closed Tester)?24ri% -5 < B 4
39 L gheR Bk x (Pensky-Martens Closed Cup Tester)?®) ¢ 4 i o285 = 2

I ;EJH‘ #* %

Lo ARRIR ALY = dEE R R AR A K 2 B R Tl AR b P

SESIET SRR ST SSTRC NS S AUE

2. A A E TR M L EE D RE IR RERF SR B IR
T TR T N e S R o Fp s B L EEE g d 2 R 2R
FERER O AP POREE S ZAPREREY LA A AT BT

FABE LG EEOR AR -

3. MAE AT Y RERAKEH T ARS L L F TR % F
P HBACRESE VG A L 2 F R 2T R AT
H¥E g wgiwz ML T N B R o AR s ¥ F ;I«_g.tﬂ’r'ﬁ

TeiEd 2R ES T AERT % RIFEET § A

i
‘-adw

B S G M- BIER RS o
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-3 PPOLVERPIRERZ VR

(1) BN e Lpz k@@
A ol I

R 2RI 240°C (104°F) 2 623k & &.5.5mm’/s (cSt)
rT % R25°C (77°F) 2 #54k& 9.5 mm’/s (cSt) T Pl f

93°C (200°F ) ™™ « Rz AR$FR S * —20C~93C
e R U

RPRR SR NRIRENY C FEESF O NER T FHTER A E N
RE2 BIRER M= FE x [ 22 VIGgE BERRER Y > 0] V5

RS FEFE VL RIGER ) T AL
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PURIET A G A AR AR AR Y ORI EAR 2 (R R
Mo~ gl S TARW ) ~ATHERE N 2 BABEREPN 7 ¢ Fal
PR A& o AR BT OV AR RS RS
WA R EFME N R BRRRFET £, L B
PTG R NE - BAARH ARAAZ BT IEET

RFEDIDF RO W R RIRERFER S 1 40C~360C

RIFE 7 E AL

WE RN G AR f S E Y o Bl T
Y E R e R A N H ALY o MRk e o B
o BNEERVIGE gl R WA B VBRI R 2§
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F BT RR LR E S =R Tl > IR FR NBDE LT 0 F
2R 8 E R PR L g s ©)
stat — 2,fp (3 ~ 3 ] 1)
X2 X7
B
log\P" )= 4, ———= 3-3-2
g(z ) il (Y o ( )

b e O BAR kARG B AT L e 2 A kRl
T e 1o P v Z8 5 e D G L ELEE cnbr o TR > F
> (3-32) o TR R E - R RPN VBT, ooy, 0 B
A KRR e B2 (75 FARERFZEEF M FAAR
IR FAATALGIZE S o

BESPREF AT IR RE DRI e T e WAt
3 ehtie linee 5 4R & 7 ke 2 % & tie line E b R - 4P Je A T T R
¥ eng AP S PISE e vapor line o i — R £ Fr e a2 A tie line

DA e T R R B R -
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P EANR-R TR B g P E - fA S A it F 4 (chemical

potential ) 32 ¢ 4p %

(x1X71)a :(x1x71)ﬁ

(X2X72)a=(xzx72)ﬂ (3_3_3)

0% BAE AT ARG R4 e (3-3-1) 8 (3-3-3) 47 FE ik
o BER L BEIVRT RR L P v AN kB 0 ble
NRTL = #2518 % £ UNIQUAC = 4258 ®e iz ot e p¥ 12 £ (3-3-1)
(3-32) 22 (3-3:3) = NemE AR 0 S fET L SRR T e
UBE o AT AT B IR T RS ORI L BT RIS 0 ¢ 3
(3-3-1) ~ (3-3-2) ~ (3-3-3) £ iz —fhii 4 ik -ipe T HEPE ehis 12 1
B AR o P E I T AN KB R P L B AR B R B 341
A L EPE DS R AR W B2 S B Vw2 (3-3-1) o

(3-3-2) ~ (3-3-3) £ o &3 3 F o LELRF]* (3-3-1) £ (3-3-2)

TR o Bl 3-1 TR gt B R AR RS YR B A B BBt | oo
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botpt e denf LELT,,

B2 3T 4P P e e X gL Thrp

EJ
= XZ,ZLP ’ TZLP

BRI Ll VBT
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PR AR L R NV BTTRIEEN 2R Bk
k2 sk + BB kAR A kD 3R TR L o
FLedHriREs R e REHR I N R eI BN B ES P
L e AR s M R B HE * NRTL = 42 2 17 UNIQUAC = 420 (18
) ARFAT R NSl F e e o i Ap T RO RALY K3 hR
B AR R AR T B L A B LB & TR AP T e
FAL* UIERIR LSS TR FOP LB F LR S AN by §

Pofi @ o0 gk o RRE R AR P G B YL AL ELG R L ghip

TS

PERPERAET - £ 41 SRR Bl LB R A 2 F & E
frod £ 4—1 whFAy FATEBIE T B L EL 369+14CE ERTF
J.T. Baker chf®  Bb4ichk 37°C ~ 27 Tedia hfF 1 Bhdicdh 35°C ~ &
7 Fisher 0P ¢ 2Laicdx 35°C ~Merck 4 =k chf? L Bh3cdy 34°C ~ # & Univar
PRl B 36°C ~ FRIE A F L gl 35°C 0 A B

BN PVBREC R 5 - R o v g dF B end NIOSH #rde een = gt L

B 288C &y ik E~AR  VahRFIRY P
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BRI o R 4—1 0% 2 0P SRy 2-7 fRP VB L 23.7+0.7C
22 Merck 4 x50 24°C ~ NIOSH 723.8°C ~ :##| =& 7 Fisher ¢124°C*t
FAFFPN G - Rl A kP Tedia h288CE 221 F26CH 4
P OEIRARR T R 1 - (T RR] SRR AR rie iRt
WEEIRAR A 41 h% = B SRlicdy 0 £ 7 fRehP L g 284405
C *“;ﬁ—;}_% Bl & Merck 42k e728°C ~ NIOSH 727.7C ~ i= &7 Tedia
129C ~ & &7 Fisher 0 28°C ~ 2 2 X Fen28C & cnficdyp v 7 240
- Rfpok 4—1 P e E T NFE2 LB 49540.6°C LA RN &2
=t freepatentsonline 7 48°C ~ 1* & 2 & Merck s749C ~ i* & o @ Tedia
e 483°C ~ 2 2% B e 49°C ~ Ullmann's Encyclopedia of Industrial
Chemistry 0 50 C & % & — &M » @ (v 8 2 P Fisher #74% &0 L 2k 3
38C » T K A BT AP &G BT AR o Bofl R D 2
= en P ol BE 13.340.3°C 2 2k Merck 0 13°C ~ NIOSH 7 13.33C ~ i+
g 2 ¥ Tedia 7 13.3°C ~ - § = & Fisher e 13C* A R ¥ - K o
L2 AEMK{EDE FRPVEE ISCH EFRE > Pl aeidai-R

T grpE T 8 R A 17 R S By o

49



BoA— Pk R SRR T e R

ELHE

9 %% #I5(°0)

¥ prEE(°C)

LNt

369+ 1.4

3 6(Univar,USA)(24)
37(J.T.Baker)®
34(Merck,web) 2°)
28.8(NIOSH) "
35(Tedia)
35(Fisher) @
35(0xford) ¥

27 i

23.7+£0.7

24(Merck,web) (26)
23.8(NIOSH) "
28.8(Tedia)
24(Fisher) ¥
26(Oxford) ©?

27 B

28405

28 (Merck,web) 9
27.7(NIOSH) #7
29(Tedia) #®
28(Fisher) ®
28(Oxford) %

B A

49.5+0.6

49 (Merck) (1)

48 .3(Tedia) ®®
38(Fisher) ¥
49(Oxford) @
48(freepatentsonline) (32)
50(Ullmann’s) ®¥

e

It
Hs

13.3+0.3

13(Merck,web) 2°)
13.3(NIOSH) "
13.3(Tedia) *®
13(Fisher) ®
15(Oxford) @7
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F 4—=2 R LRz X LR GE

R A B C

&7 py | 7.83800 | 1558.190 | -76.119

2-7 % | 7.47429 | 1314.188 | -86.500

£ 7 B | 8.53516 | 1950.940 | -35.853

T NAE | 7.39824 | 1435.570 | -93.202

“E | 6.93142 | 1358.800 | -63.145
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243 GEIMGIRES T B-RR R Bl 250
{;;}{; o aE M kK
N N
zrjianz N G zkaIgij
ny =2 XY %
ny, =— +Z N /Y, )
ZGkixk / Zijxk Zijxk
k k k
where
NRTL In G,.j =-a,7,
7 g — 8
e RT
and
= gzj _g]j ol 2
A,.j —T—a[j +b,.jT+cijT
o 0. (Ol
lny =In—+—g In—+/ ——» x./.
4 X; 2(]’ D, l X Z/: 5
N N 9'7’-'1'
-4, ln(zejrji)'*'qz' _qizNj—j
J J ngrkj
k
where
Int. :——uij e
v RT
o, =i
UNIQUAC PR
k
xiQi
0, =5——
Zkuk
k
z
L == —qg.)—(r —1
; 2(, q,)—(r, =1
z=10
and
Juy Uy 2
Al.j = 2 =a,; +b,.jT+cijT
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FoA—4 AR TR TP At i aiE M e 25 S
k(1) + &7 pR (2)
= A7 50 A, =ay, +b12T+C|2T2a A4, =a,, "*'ble"*'Clezal PR }]%
NRTL an b ci2 @ by C21
(a12=0.45) -2610.15 | 19.4473 | -0.0237040 | -3884.30 | 30.3191 | -0.0527519 (34)
UNIQUAC | -1237.85 | 7.12425 | -0.0066927 | -4.72337 | 1.36693 | -0.0047593 (34)
k()27 @)
Rl i 4, = a, +b12T+clzT2 A4, =ay, "‘ble"'Cle2 P }]?‘:
NRTL an b ci2 as by 21
(12=0.45) -2744.73 | 19.1484 | -0.0228962 | -3871.43 | 25.0760 | -0.0393948& (34)
UNIQUAC -1276.11 | 7.59662 | -0.0083095 | -145.764 | 1.46978 | -0.0038732 (34)
K D)+ A Q)
NRTL 712 721 P {,?JV
k@) + &=~ ﬁ? (2)
b b 5 2k
UNIQUAC? = 21 2~k
242413 90.395 (36)
K MF 245 Q)
NRTL C, / K Cs, / K CJTz C2T1 % 2 /EJ‘
(01=0.2)* 3260.80 2141.80 12.5591 -7.5243 (37) > (38)
) Ci/K Cs /K Ch cl 54 2
UNIQUAC '
381.79 1558.09 1.8703 -5.8408 (37) > (38)
UNIQUAC? & by
Q » T, =exp| —-
UNIQUAC® 5 Cj=u; —u; ~ NRTL & C;=g;—gs~ C,/R=C +C! x(T -273.15K)
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F 4—5 B kAL F oL gEe Arin Eﬁ?mfé S el I ;'
NRTL UNIQUAC
REP T2 ;;Jg
A A an A Az
k(D) +E 7 Q) 1344.509 264.002 0.45 245.3347 95.078 (39)
k(1) +2-7 F%(2) 1209.987 241.729 0.45 242 918 50.9657 (39)
K +B 7 Q) | 10169.262 | 2868.184 | 0.4599 (40)
K1)+ ~ER(2) 1643.518 60.776 0.3309 252.687 77.061 (40)

% 4—6 UNIQUAC H5t # % 40 5 e

S U B L)
o7 | 3.4543 | 3.052
2-7 f | 3.4535 | 3.048
o AR | 41287 | 3.592
o3| 5850 | 4.940

k| 09200 | 1.400
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E iz %%G\'é }\//‘zli’ﬂa' %?P/PJ &%'E Lbﬁ"i

=

5

B ¢

REP KD R VB

d % 4—7 ¥ Li% —gLrEJ

B e

&

MEREREFR B LT RRAL R G OM VB K

LR FREE A en FER T e §k AR &R L e

MEEOKER P AR B R R AT ARM R HORE ATREI 5
PO B e E s (2003) O B3 g e s (2006) 4D
AATHR SR TR 5 SRR R B U BE e R ensgit g — R e FRm R
S i DT o K E B A % 0.54 3 0.985 2 F AL > S7ip| chf L g
EAT S —ATE(FRA24-TfcR4—1) RGP & R-2ip %
PoUELY - BREL AL RPREBAKFTEEE Y T (2006) P
Floh B> TR NPTPRIBNZIFREL L FHREANB(LLB4—1)
TP OAEGNA R E TERF K T e L BRI RPN BERE A 3 R R -k T
T 5 g Bl 4—1 - io—H354p (pseudo-homogeneous ) 7 48 F* L
BLd AR R AT Rk AR W iR B Bclp o O MDA - BN G TR e

\l_ﬂra,'T J:

- \»\

—\\

SEM B b d 4—8 Srsenid kB IR SR ehG skl

EETENE N SR Y

ETINS

RPN BT Y RA I

o

CFI M T MIHETIR S F BB SRR R L %?F‘./HW YR N }{é_‘/‘ 3%

mr’}%& R -k AR R T REL 8L 5 — 0B eI % ’EL?.%ZI\XE ;Z hH T
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REd CR+27F R+ BT kD A kR ) 4 e
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%o4—7 K ORRIEL NG

IREIPREFELEE

Xy |k+2 7@ (COk+2-7f (Ck+2 7@ (C)k+2 A (Ck+23%=(C)
0 36.9 23.7 28.4 49.5 13.3
0.005 - - - - 14.8
0.01 - 235 - - 14.6
0.02 - 22.0 - - -
0.03 - 23.0 - - -
0.04 - 22.5 - - -
0.05 - 23.0 - - 14.3
0.1 38.2 23.5 30.0 51.0 13.0
0.2 40.2 233 31.6 52.6 13.1
0.3 41.5 233 32.8 544 13.0
0.35 - - - 56.0 -
0.37 - - - 56.1 -
0.38 - - - 55.6 -
0.4 42.1 23.8 33.8 55.6 12.9
0.45 - - 34.4 - -
0.46 - - 34.4 - -
0.47 - - 34.9 - -
0.5 43.1 23.9 34.8 55.7 12.9
0.53 43.9 - - - -
0.54 43.5 - - - -
0.55 43.9 - - - -
0.6 43.2 242 33.9 55.7 13.3
0.7 43.2 23.5 34.5 55.8 12.9
0.8 43.7 24.2 34.0 55.5 12.6
0.9 43.0 23.7 33.9 55.7 12.8
0.95 43.0 242 33.8 55.9 12.7
0.97 - 244 33.8 55.9 12.1
0.98 43.2 26.6 35.4 55.6 -
0.982 43.7 - - - -
0.983 43.8 - - - -
0.985 44.8 - - - -
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34—7 REEF epE 2

2R

N

TRESREFE L ERE ()

Xi [ktx7 g (COpk+2-7 g (COk+R 7 mC)k+2 A (CHk+2*= (C)
0.99 40.9 42.8 45.0 56.0 12.3
0.992 43.0 - - - -
0.993 43.1 51.6 - - -
0.994 47.0 - - - -
0.995 58.2 58.0 56.7 56.0 -
0.996 59.5 63.6 61.7 - -
0.997 - - 66.5 60.2 -
0.998 - - - 70.0 -
0.999 - - - - 13.1

0.9995 - - - - 13.6
0.99975 - - - - 12.8
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2 4—9 WX T 3 PR GRS TR EOR-RTERE P LR (RELR

SR8 PRI T R B ) R fER 2R T R 2 K et

FaA ’é’: fE o
o T Sl @ R fRR
o NRTL UNIQUAC
X1,2LP Typ (°C) X1,2LP Torp (°C) X1,2LP Top (°C) | T(°C) X1,2LP Lit.
. 0.541 0.540 0.54 0.528
k() + &7 RQ2) 44.08 43.68 43.5 40 (43)
0.985 0.986 0.983 0.9830
L 0.67 0.6975 0.6923
k(1) +2-7 f5(2) 23.74 - - 277 | 299 (44)
0.994 0.95 0.9475
., 0.463 0.46 0.469
k(D + 27 Q) 34.43 - - 34.1 35 (45)
0.975 0.98 0.9807
. 0.374 0.37 0.384
k) + A ERQ2) - - 55.78 55.8 50 (46)
0.994 0.995 0.9962
. 3.8x10°¢ 3.2x107° 3.8x10 4.3x10*
k) + & F=(2) 13.375 13.379 14.2 20 (47)
0.9999961 0.9999578 0.99995 0.9999999

66




i

i

£EARRITN 3 U B R R L

p
SRR 7 RS SRS AR P L

TR N GRI AT L F e 2k b

67



4

(1) UNECE. http://www.unece.org/trans/danger/publi/adr/adr_e.html

(2) DOT. Shippers — General Requirements for Shipments and Packagings,
Class3 —Assignment of Packing Group, 49CFR173.121,

NationalArchives and Records Administration 2004 ; 488.

(3) Butler RM, Cooke GM, Lukk GG, Jameson BG.. Prediction of Flash

points of middle distillates. Industrial and engineering chemistry
1956 ; 48 : 808-812.
(4) Wickey RO, Chittenden DH. Flash points of blends correlated.

Hydrocarbon processing 1963 ; 42 : 157-158.

(5) Hanley B. A model for the calculation and the verification of closed

cup flash points for multicomponent mixtures. Process safety progress
1998 ; 17 : 86-97.

(6) Affens WA, McLaren GW. Flammability properties of hydrocarbon
solutions in air. Journal of chemical and engineering data 1972 ; 17 :

482-488.

(7) Gmehling J, Rasmussen P. Flash points of flammable liquid mixtures

using UNIFAC. Industrial engineering chemistry fundamentals 1982 ;

21 : 186-188.

(8) Crowl DA, Louvar JF. Chemical Process Safety: Fundamentals with
Applications. Prentice Hall PTR, New Jersey, 2002.

68



(9) Liaw HJ, Chiu YY. The prediction of the flash point for binary
aqueous-organic solutions. Journal of hazardous materials 2003 ; 101 :

83-106.
(10) White D, Beyler CL, Fulper C, Leonard J. Flame spread on aviation

fuels. Fire safety journal 1997 ; 28 * 1-31.

(11) Liaw HJ, Lee YH, Tang CL, Hsu HH, Liu JH. A mathematical model

for predicting the flash point of binary solutions. Journal of loss
prevention in the process industries 2002 ; 15 © 429-438.

(12) Garland RW, Malcolm MO. Evaluating vent manifold inerting

requirements: flash point modeling for organic acid-water mixtures.
Process safety progress 2002 ; 21 : 254-260.

(13) Liaw HJ, Lu WH, Gerbaud V, Chen CC. Flash-point prediction For
binary partially miscible mixtures of flammable solvents. Journal of
hazardous materials 2006.

(14) Richard W. Prugh. Estimation of flash point temperature. Journal of

chemical education. 1973 ; 50  85-89.

(15) Fredenslund A, Gmehling J, Rasmussen P. Vapor-Liquid Equilibria
using UNIFAC. Elsevier, New York. 1977.

(16) Wilson GM. Vapor Liquid Equilibrium : A new Expression for the
Excess Free Energy of Mixing. Journal of the American chemical
society 1964 ; 86 - 127.

(17) Renon H, Prausnitz JM. Local Compositions in Thermodynamic

Excess Functions for Liquid Mixtures. American institute of chemical

69



engineers journal 1968 ; 14 : 135.
(18) Abrams DS, Prausnitz JM. Statistical Thermodynamics of Liquid
Mixtures : A New Expression for the Excess Gibbs Energy of Partly or

Completely Miscible System. American institute of chemical engineers

journal 1975 5 21 : 116.
(19) Hill E, Malisoff WM. The mutual solubility of liquids IIT, The
mutualsolubility of phenol and water IV, The mutual solubility of

normalbutyl alcohol and water. Solubility of calcium sulfate. 1926 ; 48 :

918.
(20) Stephenson R, Stuart J, Tabak M. Mutual Solubility of Water and

Aliphatic Alcohols. Journal of chemical and engineering data 1984 ;

29 : 287.

(21) Maczynski A, Wisniewska-Goctowska B, Goral M. Recommended

Liquid-Liquid Equilibrium Data Part 1 Binary Alkane—Water Systems.
Journal Physical and Chemical Reference Data 2004 ; 33 © 561.

(22) ASTM D 56. Standard test method for flash point by Tag closed tester.
American Society for Testing and Materials. West Conshohocken, PA.
1999.

(23) ASTM D 93. Standard test methods for flash-point by Pensky-Martens
closed cup tester. American Society for Testing and Materials. West
Conshohocken, PA. 2000.

(24) Univar USA. http://www.univarusa.com/assistmsds.htm

70



(25) Mallinckrodt Baker.

http://www.mallbaker.com/Americas/catalog/default.asp?searchfor=msds

(26) Merck. http://www.chemdat.info/mda/int_en/index.html
(27) IOSH Pocket Guide to Chemical Hazards.

http://www.cdc.gov/noish/npg/npgname-o.html

(28) Tedia. http://www.tedia.com/products.php3

(29) Fisher Scientific.

https://www| .fishersci.com/chemical/index.isp:jsessionid=E 1 Mx4 Wfc2

yv7dcT4M349c6cac2mBkLiYubdlanjan9XKePaRZmEJR!15355308

(30) Oxford. http://ptcl.chem.ox.ac.uk/MSDS/#MSDS

(31) The Merck Index 13th CD-ROM Edition.

(32) Freepatentsonline. http://www.freepatentsonline.com/6663723.html.

(33) Bohnet M. Ullmann's Encyclopedia of Industrial Chemistry. 7"
edition. Wiley InterScience (John Wiley & Sons) 2006.

(34) Kosuge H, Iwakabe K. Estimation of isobaric vapor-liquid-liquid
equilibria for partially miscible mixture of ternary system. Fluid Phase

Equilibria 2005 ; 233 - 47-55.

(35) Tang YP, Li ZC, Li YG. Salting effect in partially miscible systems of
n-butanol-water and butanone-water 2.An extended Setschenow

equation and its application. Fluid Phase Equilibria 1995 ; 105 :

241-258.
(36) Resa JM, Goenaga JM, Iglesias M, Gonzalez-Olmos R, Pozuelo D.
Liquid-liquid equilibrium diagrams of ethanol + water + (ethyl acetate

or 1-pentanol) at several temperatures. Journal of chemical and
engineering data 2006 ; 51 : 1300-1305.

71



(37) Klauck M, Grenner A, Schmelzer J. Liquid-liquid(-liquid) equilibria
In ternary systems of water + cyclohexylamine + aromatic hydrocarbon
(toluene or propylbenzene) or aliphatic hydrocarbon (heptane or
octane). Journal of chemical and engineering data 2006 ; 51 :
1043-1050.

(38) Lu YL, Chiou DR, Chen LJ. Liquid-liquid equilibria for ternary system

water + octane + diethylene glycol monobutyl ether. Journal of

chemical and engineering data 2002 ; 47 : 310-312.

(39) Kosuge H, Iwakabe K. Estimation of isobaric vapor-liquid-liquid
equilibria for partially miscible mixture of ternary system. Fluid Phase
Equilib. 2005 ; 233 : 47-55.

(40) Gmehling J, Onken U, Arlt W. Vapor-Liquid Equilibrium Data
Collection, Part 1a. DECHEMA. Frankfurt, Germany 1981.

(41) Abrams DS, Prausnitz JM. Statistical thermodynamics of liquid

mixtures: new expression for the excess Gibbs energy of partly or

completely miscible systems. American institute of chemical engineers
journal 1975 5 21 * 116-128.

(42) Liaw HJ, Chiu YY. A general model for predicting the flash point of
miscible mixture. Journal of hazardous materials 2006 ; 137 : 38-46.

(43) Goral M, Wisniewska-Goclowska B, Maczynskia A.Recommended
Liquid-Liquid Equilibrium Data.Part 4. 1-Alkanol-Water Systems.

Journal Physical and Chemical Reference Data 2006 ; 35 : 1398.

72



(44) Stephenson R, Stuart J. Mutual Binary SolWtities: Water-Alcohols and
Water-Esters. Journal of chemical and engineering data 1986 ; 31 :

56-70.
(45) Goral M, Wisniewska-Goctowska B, Maczynskia A.Recommended
Liquid-Liquid Equilibrium Data.Part 4.1-Alkanol-Water Systems.

Journal Physical and Chemical Reference Data 2006 ; 35 : 1400.

(46) Goral M, Wisniewska-Goclowska B, Maczynskia A.Recommended
Liquid-Liquid Equilibrium Data.Part 4.1-Alkanol-Water Systems.

Journal Physical and Chemical Reference Data 2006 ; 35 : 1403.

(47) Maczynski A, Wisniewska-Goctowska B, Goral M,Recommended

Liquid-Liquid Equilibrium Data.Part 1. Binary Alkane—Water Systems.

Journal Physical and Chemical Reference Data 2004 ; 33 © 561.

73



