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methylene chloride, carbon tetrachloride, perchloroethyleneg AH8-3}oich 7F A A Al o)) A 2] 28-3 1= 2} abietic
acid®] 4§ 8831 cal/g-mol& ¥ A& 3)Fuhg o2 Falgich AlArAatel 2| slw 24-2uf) (water, acetonitrile,
methanol) o] W3t &8s =+ Scatchard-Hildebrand relation$ 8% 4 ¢lov} 2ube] w)SA Lo ot
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Abstract—According to the Montreal Protocol. CFC 113(1,1,2-trichloro 1,2,2-trifluoroethane), one of the
ozone-depleting substances, will be prohibited to use as a cleaning solvent essentially in the electronic indus-
try. Therefore, the development of the alternative cleaning solvents to CFC 113 is being accelerated. As
one of the main characteristics of solvents, the solubility is theoretically calculated using the activity coefficient
of solute from Scatchard-Hildebrand relation and the solubility parameters. Abietic acid is a major constituent
of the rosin-based flux used for PCB soldering, and is designated as a contaminant. The cleaning solvents
used in this work include water, acetonitrile, methanol, IPA, acetone, d-limonene, trichloroethylene, 1,1,1-
trichloroethane, chloroform, methylene chloride, carbon tetrachloride, perchloroethylene as well as CFC 113.
By use of a non-linear regression technique, the mole fraction solubilities are calculated and the heat of
fusion of abietic acid is found to be 8831 cal/g-mol. The results show that for the polar solvents{water,
acetonitrile and methanol), the mole fraction solubility can not be calculated using the Scatchard-Hildebrand
relation, but for the other nonpolar solvents, the agreements between the calculated and the experimental
solubilities are relatively good.
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2-1. Ale}

Abietic acid+ Sigma Chemical Co.ol A} 4] 8¢t}
AARA ] F/He 137012 7] 7 Al water,
acetonitrile, methanol, IPA, acetone-& ]J.T. Bakero) 4],
d-limonene-2 Sigma Chemical Co.ol| 4], g4 &wjl
CFC 113, trichloroethylene, 1,1,1-trichloroethane, ch-
loroform, methylene chloride, carbon tetrachloride,
perchloroethylene-2 Aldrich Chemical Co.ol| 4] A]<F&
o2 Palstel Holg AAISA Pz Ak
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Model 510 HPLC Pump$} Model U6K Universal
Liquid Chromatographic Injector& 7}x1 Waters3] A}€]
HPLCE A}4-3le 24524 abietic acidE #4138ty
I 71A %= 254 nmell 4] Series 441 Absorbance Detec-
torZ A}$-3}eic}. Interface Engineeringoll 4} 2HE Ch-
romate Software(Ver. 2.1)& Dell Computerel] 43|
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d,=dispersion component of solubility parameter, 8,
= polar component of solubility parameter, 5, =hydro-
gen bonding parameter of solubility parametere|c}.
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Table 1. Solubility parameters, molar volumes, calculated mole fraction solubility and dielectric constants of cleaning

solvents*
Solvent 5 5, 5, 3, v Calculated Dielectric
X, constant
Unit cal¥Zcm ~ %2 cm®/g-mol - —
Water 234 7.6 78 20.7 159.5 ** 80.1
Acetonitrile 119 75 88 3.0 529 ** 375
d-Limonene 8.5 80 2.8 0.0 162.9 0.058 2.3, 20C
Methanol 14.5 74 6.0 10.9 40.7 > 327
IPA 115 7.7 30 8.0 76.8 0.018 19.9
Acetone 9.8 7.6 5.1 34 74.0 0.024 20.7
CFC 113 7.2 7.2 0.8 0.0 119.3 0.010 2.4
Trichloroethylene 9.3 88 15 2.6 90.0 0.105 341, 20T
1,1,1-trichloroethane 8.9 83 2.1 1.0 100.4 0.081 75
Chloroform 9.3 8.7 15 2.8 80.2 0.091 4.8
Methylene chloride 9.9 6.6 5.7 4.7 64.5 0.108 89
Carbon tetrachloride 8.7 87 0.0 0.3 96.9 0.087 22
Perchloroethylene 9.9 93 32 14 101.1 0.074 22
* 250
**. polar solvent
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Fig. 1. Effect of the radius of interaction(ijz) on solubility. 002k
acetonitrile(37.5), methanol(32.7)-& 4] (8)o A 7% o o
A4S Xpzko] zb7] 0.50] AHe At ol A ¥ A te} T 0.; 008 0.06 0.08 0. 0.12
£ QA Ael7k Qe AoE AEER Fol B Calculated Y2

abietic acid2} A& Hql Sl 7 2) 003} FAH L
v 9} 8] 243 8- = dielectric constantol] a4 TR
4 9l 300]4delw F434-ml, 300)5telw HIFAE
of 2 7 aici(16]. whebA] v]54d 82 Q) abietic acid 2]
L8] = -3}7] $]8)4] Scatchard-Hildebrand relation
(2 (D]& &% == WA dades F4 849
ol e HE¥ & slsich 2uke) BFA AAA 10744
gk A (8) el A & Xoo} iz WA E Fig 1of) vept
9} © 1] heat of fusion(AH,)-& 8831 cal/g-mole]it}. ]
el A= 8 FA A A9 S8l e /lE 7} abietic
acid9] Ztell 2AHL4E 2 ijp7t 2242 abietic acidoll

5132 K31 HeZ 1993 129

Fig. 2. Comparison between calculated and experimental
mole fraction solubility.
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= 83 E %317 $)8) A Scatchard-Hildebrand re-
lationg A &-atod BmF 2] 2o SF A4 E T3]
43S o]2Ho g At 7 AA AN &
43 =2} abietic acid2] £-§ < 8831 cal/g-mol-3 ¥]413]
si7jag o2 Fatelct ¥4 439l abietic acid9)
FAgulofl g B4l =+ Scatchard-Hildeband rela-
tion& 1“’*%‘ T sl vjSA Gl tHE E&-8)
S Aggty vlawg A3 v A dAEdck S

"3% 23 SA 8ol oA A ) S o} %le
g LS 933 = gl¥ 3-8 Scatchard-Hildeb-
rand relationoll EFA1E = e RS AR A

3}

kol vf-$- F Q3] ojof HAZk el E7F A= ok
ABI|E
AC, :molar heat capacity of solute [cal/g-mol K]

AH; :heat of fusion [cal/g-mol]

ijr  :radius of interaction defined in Eq. (10)

vit, v/~ : molar volume of solvent and solute, respec-
tively [cm®/g-mol]

R  :gas constant [1.987 cal/g-mol K]

T, T.., T, : temperature, triple-point temperature and
melting point, respectively [K]

X1, X2 : mole fraction of solvent and solute, respec-

tively

Jz2|0|A 22X}

v: :activity coefficient of solute

81, 82, 8, : solubility parameter of solvent and solute,
total solubility parameter, respectively [cal

cm™ %]
8, :dispersion component of solubility parameter
8,  :hydrogen bonding parameter of solubility para-
meter
8, :polar component of solubility parameter

@, :parameter defined in Eq. (2)
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