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Abstract — High molecular weight paraffinic waxes dissolved in oil phases can be precipitated when the surrounding
temperature becomes lower than the wax appearance temperature (WAT). While the various methods of WAT determi-
nation have been developed, the determination of precipitated wax amount has not been comparably popular at temper-
atures below the WAT. It is important to predict how much solid wax content precipitates in temperature variance. The
study develops the previous method which uses integrated areas determined at a wavenumber range of 735~715 cm™.
This method uses two different wavenumber ranges, 735~715 cm™" and 1,402~1,324 cm™'. The study shows how the
method provides reliable data in the variety of applications regardless of FTIR spectral instability often occurred, such as

volume reduction during cooling procedure and existence of emulsified water in oil phase.
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Fig. 1. Carbon number distribution of wax determined by SIMDIS.
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Fig. 2. DSC curves of waxy oils and mineral oil. Two different waxy
oils (5 wt% and 7 wt%) were used in this work.
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Fig. 3. FTIR spectra of molten wax, solid wax and an oil containing
waxes.
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0.16 Table 2. FTIR data of S1, S2, and S2/S1 from 7%-wax-in-Superla7
014 | = 000234 + 0.15418 Temperature (°C) S1 S2 S2/S1 S2/S1
50 39.0337 2.6536 0.067982
0.12 - K= 099508 45 393371 27452 0.069787
40 39.4782 2.8688 0.072668
» %107 35 30.6414 29908 0075446
§ 0.08 | 32 39.7260 3.0814 0.077566 0.077566
y = -0.00054x + 0.09437 27 39.7340 3.5820 0.090149
0.06 1 R® = 0.99035 25 39.8709 3.8416 0.096351
0.04 | 20 39.7905 4.3464 0.109232
15 40.0401 4.8105 0.120142
0.02 - WAT =33.2°C 10 40.0905 5.2796 0.131692
5 40.1245 5.6202 0.140069
0.00 T T T T T
0 10 20 30 40 50 60
Temperature (°C) A0l 735~715 em™ FolM= ot S sR= WA (crossover)S
Fig. 4. S2/S1 was plotted with respect to temperature. Here, S1 and T8l 4= it} WA, baseline & H&A WlE oS A A9,
T e ey, 501 T35 S0 ol o el A bl 529
A4S 735~715 em oA FTIR 2459} Wb wabds vpghos

Al Gk 28R, AlS A2% Vi RHA/A2)YS S350 At
37 glo] YA 7k ZHAl € Zlolt}. whebA] F /1] FTIR W=
S AN F9-, AE A9 gkl FAe] FES v etk
R ti=g

Fig. 30l &k AdHo] &-g3 133t HUS A-9-9F eA/dio]
2ol g3ljE]o] 3l 7ol Y= FTIR 2~ E/-E 1,600~600
em ol YERISITE, J12ell A 8- &gl 1A €40 FTIRS
H] 3l & ], 735~715 em o] FEg Aol 5 ek 4= Sk &
o] Jellr] A IAE FTIR = B-2-2]7} 2712 LhrolA] s
S o = Qi) gallE gt &% sl ol F o] Ak A9
= O IRIR, 735~715 em™loll A 527} R HeElEE AS
2 ¢ Qlk,  ATel|xE 710l Harel & 3133t B4l
AR 99Q) 735~715 em™'9F B1E0] 1,402~1,324 cm™!e] W=
= F7}810] FTIR #3512 A 531930} Fig. 304 F&Eslojof &
L, AL A FTIR oM €8 2ol 113 e] ol Yel

2

)

baselines 75101 57 W2 (corrected area)s 53] 15 Edel
o]-g3I3it}. o] FHE WAL o)Fel| ARk e Astir
QATH4]. ©]o1Al, ST, S29] ZEo ZHE] $2/S19) kS T8kl S/
S1 gro] o) wle} oA Wslsh=rke 2el =2 YeRdglt),
Table 20141= 7 wt% <~7F -8l RARR A RHE 258 Y
WA gk ST, 82 T1E] 31 S2/S1 #kE VRIS, o1& vFEO R Fig.
4ol =R JERRQICE 257} ol uwl, SR A
Hog Wal= 218 #e = ATE AN F919] 2571 o
stolglef] w} ghazlo] AR E, 735~715 emollA] WA= -9
2|7} 2] 5)7] A&l o] $2/S1 Flo] AEeA] o]2)7]= et
& SHA Btk AFelA olgsiths 21 ee] s} AR
= Zo)7] wiie] fleA e 5HLEE WATE et 5= 9l
Tk WAT7} 33.2°C & 1122 B3 4S5 itk Fig. 29

Table 3. Calculation of wax amounts precipitated from 7%-wax-in-

Superla7
= 735~715 em™! Qo) EA g]m7F AR o 2 7Re-8 ¢oF 4= 9) Temperature (°C) S2/S1 Ext. Difference Wt.%
o 59, -8 ehnel 13 9] efolli] LiERRE 1,402~1,324 em™! 50 0.067982  0.0694
T ol BAL Ao iy IX &2 B9 a2 veldS & 5 ) 0.069787 0.0719
S}, 52 S FTIR oM % Fig. 3] BALR oA S48 3 " SN
glol AR A3E YeERSITE Fig 3914 S1E ZAIE F2e » 0:0775 66 0:078 .
1,402~1,324 em™ 99| FTIR W= HA-& YERNH, $21= 735~715 27 0.090149  0.0809  0.009249  1.109939
cm™ Gejol o]Fo)l WAE vehiglrt. o714 F=o)E e, x 25 0.096351 00819 0014451  1.734117
%9] 9ol walshe T F-S baseline® & A27g319] S1, S2 20 0.109232  0.0844  0.024832  2.979852
e AT $29] 749, baselineo] So]81A A o] IS 15 0.120142  0.0869  0.033242  3.989047
B 2 o)t} o] 4= HALe ol slg} AGo s FTIR S5 10 0.131692  0.0894  0.042292  5.075046
L= Ygwa] A8t EH, 715 em™! olelol = E o) 7hasta 5 0.140069 0.0919 0.048169 5.780284
Table 1. Preparation of model oils
Name Water (wt.%) Superla-7 (wt.%) Wax (wt.%) Span80 (wt.%) Volume fraction of water
5%-wax-in-Superal7 - 95 5 - -
7%-wax-in-Superla7 - 93 7 - -
0%-water-in-3%-waxy-oil 0 87 3 10 0
10%-water-in-3%-waxy-oil 10 783 2.7 9 0.09
30%-water-in-3%-waxy-oil 30 61.11 1.89 7 027

Korean Chem. Eng. Res., Vol. 51, No. 3, June, 2013
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Fig. 5. Comparison of DSC and FTIR measurements in precipitated
wax amounts according to temperature variance.
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Fig. 6. Prediction of wax amounts precipitated from emulsified model
oils using FTIR measurement.
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