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Synthesis of Low Melting-Point Sorbitan
Monostearate Using Highly Pure 1,4-Sorbitan

Hwa-Yeal Ryu

Department of Chemical Engineering, Graduate School

Pukyong National University
Abstract

Surfactants are classified depending on the charge of the surface
- active moiety, usually the large part of the molecules, into
anionic, cationic and nonionic surfactant. Sorbitan monostearate(Span
60), nonionic surfactant, has been used as an anti - fogging agent
for plastic films.

Conventional synthetic method of sorbitan monostearate was
esterfication of D-sorbitol with stearic acids at elevated temperature.
However, the purity and the color of the sorbitan monostearate are
not proper for the anti - fogging agent.

This research established the efficient process to synthesize
highly pure sorbitan monostearate with low melting point. The
process composed of two separated stages. At first stage, starting
material, D-sorbitol, was decomposed into pure 1,4-sorbitan under
acidic catalyst. The 1,4-sorbitan was finally reacted with stearic acid

to give highly pure sorbitan monostearate with low melting point.



In the fisrt stage, for the synthesis of highly pure 1/4-sorbitan
solution from D-sorbitol, some experimental studies were performed.
The reaction showed first order reaction with activation energy of
118.3 KJ/mol. Color of the product solutions changed to brown with
reaction temperature and reaction time. The equilibrium contents of
14-sorbitan increased with decrease in reaction pressure, but the
content of major impurity, sorbide, showed maximum about 550 torr
vacuum with H3POy catalyst. The reasonable catalyst configuration was
0.26 wt% PTSA and 1 wt% H3;PO. and optimum reaction temperature
and pressure range was 110 ~ 120C and 700 ~ 720 torr vacuum,
respectively. At optimum reaction conditions, we could obtain white
product solutions of highly pure 1,4-sorbitan with sorbide less than 10
wt%. This white product solution is advantageous for preparation of
high quality span, anti-fogging agent.

In the second stage, nonionic surfactant, sorbitan monostearate, has
been prepared by esterification of stearic acid with some starting
materials(1,4-sorbitan and/or sorbitol). The effects of starting materials
and catalysts on the purity and melting point of nonionic sorbitan
monostearate have been experimentally investigated. We could obtain
low melting point sorbitan monostearate from highly pure 1/4-sorbitan
with NaOH as catalyst.

The synthesized sorbitan monostearate was identified with NMR

and FT-IR, and the compositions were analyzed with GC. The acid



value and melting point of sorbitan monostearate synthesized with
optimum conditions were 7.15 and 485TC respectively. These values
suggests that sorbitan monostearate synthesized in this research may
be more efficient for the anti-fogging agent than our reference material

whose melting point is 53C.



O i
FEEAF (List Of tables) oereesssrerrsssssssersissss s i
IR EZ} (List Of fIGUIES) «eeeeerereesssssssssssssssssssmssss s v
g T [ S P OIS 1
2. 9] B e 7
D1, TEE A ceerversssrssmsssisnisisisinisis st s sssmsanssas s s s s s s s 7
211 FAAY EAL R e e M e e 9
212 BEAA L ZF FZ AT 10
213. & TWE o] PA W LA ZQ machanism e 10
214 ZAA ] QTE= O HEA O] I AR et 18
72 Sorbitan mMonostearate k. Mg .. WU L s e, 18
221, Hlo] A H ST g gtn PPE I oo 20
2929 SOrDItAN IMONOSTEALALE wwresesrsesrsssersssssasassasassssesissssarassasasassasassssasassssas 71
2.2.3. Sorbitan monostearate] A|Z FA e 24

23 BT O] B IPBHA BLA] o 27
T I = O T 78
T T T O 78



3.3, A1T] HEB]  coooeeeetnneis et 31
3.3.1. 1A-Sorbitane] BHA]  -oeeeerseressmmemssmrmssssrsit sttt 31
3.3.2. Sorbitan monostearate®] A e 32
333, BA] BLA] e 35

A, ZTF D FLEE et 37

41. 14-sorbitan®] A Al ZEFWZIE 0] O FF e, 37
411, HFQQIE O] OJBF ottt 37
412, HFQ QFEIO] O BF  oerrrerusreeseisniis et 46
413, 2] QaF Tl BB R g i nnrsnnans 48
414 T 5 T4 AT e el N 51
4.1.5. 14-sorbitan®} NMR| 247 il TR ..o b, 53

4.2. Sorbitan monostearates] GEATE. - Eu.. & ....... 00 L 56
4.2.1. Sorbitan monbstearateo|Nerol B ........ Sl 57
422. 27} 4A7) L ENIE ek e W gy 60
423. A7t} A HRE ZHEZ O] OJTF i, 62

5 7‘?3_ % .................................................................................................................... 73
N OINIENICIAEUTES -+ +vs+esresesrersesemsmsmmemirsssmsssssss s sssss s sas s 75
REFETEIICES w++vsvereeressrssemsrsemiesssass s e 76



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

List of tables

The hSt Of non_ionic SurfaCtantS ..................................................... 22
LlSt Of Chemicals ................................................................................. 30
Analysis conditions of gas chromatography «««:seeeeseeeseseeeeeees 36
Integral analysis of Kinetic data for 1st order reaction «:----«seeeeeeeeeee 41
The temperature dependency of reaction rate constant ------=-- 43
The effect of catalyst on the equilibrium time and color of reaction

prOdUCt at 140°C and S(X) LOIT VACUUITL “toeteereereereereerenseesenseaseseaseseanes a)

The best condition for the synthesis process of highly pure
1,4_Sorbitan ............................................................................................. 52

Table 8 The effect of starting materials and catalysts for sorbitan

monostearate SynthGSlS ....................................................................... 68

Table. 9. The property of sorbitan monostearate manufactured from

hlghly pure 1,4_Sorbitan. .................................................................... 70



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

List of figures

1. Comparison of plastic films with and without anti-fogging

AL, 8
2. Configuration of anti-fogging film, «wwmrmririisiisiiiiiie. 12
3. A SEM photograph of the cross-section of anti-fogging film. -~ 13
4. Types of micell Of SUFfaCtants, wwwwwsssssssssssmmmmsssssssssss 14
5. The action mode of an antifogging agent . 16
6. Action Of antifOgEing agents sttt 17
7. Structural formula of sorbitan monostearate. «««::-::sseweeeseererieennenee 23
8. Flow sheet of sorbitan monostearate from sorbitol. ««-:-«e-weeeseeeeeee 25
9. Flow sheet of sorbitan monostearate from 1,4-sorbitan. «-:-e--weee: 26
10. Schematic diagram of experimental apparatus. e 29
11. The photograph of 1,4-Sorbitan, wrssssssrerssssismisssssssisssisisiinesennns 33
12. Experiment equipments and procedures, «mmmmmmmmmnsnsissss 34

13. The effect of reaction temperature on the conversion of

d-sorbitol to 1,4-sorbitan at atmospheric pressure. ««=:eeeeeeeeeeee: 38

14. Integral analysis of kinetic data for 1st order reaction. -« 42

_iv_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

15. Temperature dependency of reaction rate constant according to

ALTRENIUS. JQW, w+erereeeesresesessmsesesssneissssssessssesess st sssaessssss e sssss s s ssnes 44
16. The effect of reaction temperature on the product content at

AEMOSPRETIC PIESSUTE, ++rtrreressssssssssssssssssssisis s 45
17. The effect of reaction temperature on the product content at

300 LOIT. VACUUILL, -+ ereressrsresesessessssmsssmsesesassssssssssssssssssesesessesssssaesessenns 47
18. The effect of pressure on the product content at 1407T. «weeeeer 49
19. Gas chromatogram of 1,4-sorbitan prepared at optimized

FEACHON CONAIHON, ++r st s e B T Frmaaggsesrosensesonserorsrsasersasessnsssoses 54
20. NMR spectrum of 1,4-S0rbitan, =i ossssresssonsissssssinsininnssnss 55
21. NMR spectrum of Sorbitan mMONOStearate. « s rsesisssmsssssssss 58
22. IR spectrum of sorbitan monostearate from highly pure 1,4-

23.

24.

25.

26

Sorbitan. ....................................................................................................... 59

Gas chromatogram of sorbitan monostearate from highly pure

1,4—Sorbita1’1. ................................................................................................ 61

The effect of starting materials on the acid value of sorbitan

TNONOSTEATATE, torereerereerererre sttt st eee 64

The effect of starting materials on the conversion of sorbitan

TNONOSTEATATE, torereerereerererr ettt sttt eae 65

. The effect of starting materials on the melting point of sorbitan



PLONIOSEEATALE, +wrereseresreressrsrssnsesesmsssssesessssesssses s s sssss s s s s sssessseses 66
Fig. 27. Gas chromatogram of synthesized sorbitan monostearate - 69
Fig. 28. The photograph of synthesized sorbitan monostearate. - 71
Fig. 29. The photograph of sorbitan monostearate manufactured

from highly pure 1,4-SOTDItAN, wwreeeeeseesesessmssesssiessiisst e, 72

_Vi_



)

1. A

ol

BN

1oz dHA 3l

e v gzol=g gAsE

A3

=
T

TE o=

Al
=

]

o

)

AN
o

<

=

Gl

HEYE) o) o

v g (i

~o

o

o]

-

k!

Ak Wl FAlell 74A]

z‘d_

H o
o=

(amphiphilic balance)ll ]3]

3|3 E 7t

A g %

H
R

U ol A ¢

S8

S o
=

el

1 Faze ugt A
A W}

o1 §51W 48

=
=

2=, o

J]

BN

o

o] A H &3 A,

N2l d&)el wet &

9

FRFA71Y ol
ARG AR, FAADEAAZ prol A, A

=
<)

o)

o]

A @<= AL Hlo]2 A

o

oo

AAZ g A

3, E4HAl, MR AReE 5 o AAAl, s, AFHVHA, 9

A g A

&

WA} Feo o

Al = wlolX AAEgA

k!

= 715 7HA

i 2l st

)

g SolA oleoz

AN

al

1

1= =]
i

3

A

a5

o]/ AHZAA ol Bls}

Fe AEst



AHEJAQ] sorbitan fatty acid esterv= sorbitol E+& sorbitan¥ Z-2
polyol® il AW4tate] o AH 23} ¥hgoz FAE Hlol AUTAIA
22X HlwA pgAe] Aa, FAo] FHo] AF, dF B vHE FAFA
4E 5o FELA AgxHa Ao

PE(polyethylene), PVA(polyvinyl alcohol), PVC(polyvinyl chloride) &<

Eolry PO HFL TAHAY $UE LA LE HEHE S
A7kel Aol e} AgE Zelad B UHe] 2w
S (55) ol WA Hol HFS] By} A 4

FS WAA Eo oY EAHS NS fa A

o=

o o
£
iy}
N
AN
N
oL
°

T vy adRHolgtn ¢HE WY VIE ZEayY ZEd FHA
= Zelt. &gl H7te F8A= =
=

28 FE59 ®uAHs HIAHoEM =3 sgHe FEA

=

(Anti-fogging agent)E 37

ofr

%
AL 9HNY F Y Ao DeA 91, oo K I A7 2

FARE @abol AF UehA Brh o] RAAY fAFL FAA ) ALE



il
QL
o
[
£ o
e
Lo
4
olN
N
olN
(2
oF
ol
S
KN
flo
ry
)
N
x9,
o
(d
fru
—d
»
ox
=
uli
N

filo
o
N

FAAY e s Hbste F8 SHEE, FAAE XS 2719 F
2 oldg) HHE Yell= 274 (early of effect)®, X & 4~5/1€ &<
o] F3Z olg HHE YEHE A& (durability of effect), A9 =% -20
~0°Col A 74 old FHE YEt= A2/ (low temperature of effect)
R AR E 30~50°ColM e FZF ol HHE YEt= il (high
temperature of effect) 50] .

FAA Y FRES Wt EEF, ALA dEHEA(EHAE R £

©A) 3%=, POE A2t g7t &3 J&vHE4A ez A £/

filo

W, 249 dol7h 11 AR GAHEZAFE FEF DL AT A
Jee o deEA Ao,

A A AR FHAZR Bo] AR HAL e =22 Hloj2A AW
ZJ AR span(sorbitan monofatty acid ester) AlE°] }3EE=, sorbitan
monolaurate, sorbitan monooleayate, sorbitan monostearate, glycerine

monostearate ¥ polyglycerine monostearate 5¢| Ut} o5 FE &LF

4ol 5o H7tEa Ao

olelgt Hlo] AHSAGA Y g AL spand IHHAQ AAEHLS 4
2 Gz S E ol &st= 3ehE WHH A4E ol &3 AE3HE Wl
F=2 o]g¥ Ut Jan 5L p-toluenesulfonic acid 2-& A+ Zuj 3}
o] sorbitol®] EFREES T3] 14-sorbitans  FAsta, FAE

14-sorbitand A7) =u] 3loA] A WAlule] o] AH 23 HILS EA



— sorbitan

4

st A AR Eokel

S

=

=

[¢)

2

E;SJ—/K

=

novozym 435 ©]

sorbitan fatty acid ester

acrylate

KR
L

ol

HO
0

g

or

T

2
el

o]

od
)

oj

A
B

garHo2

[e)

R

&7l A mkel 2ol Hl oA AWEGAR] span

<

2 A

sorbitol

il

shA =™

S

[e)

S Z7IFE @7 ¥ S

i

ol

A, 218 sorbitolF} A

W3 o,
o] o] Y]

1 2 1%)

gH&o] 50%E
o2 7RA]

A

d

g]

1,4-sorbitan ©

pa—

N

o

=<

Q]UL

=

=

[}

P
I

M=

A
n

—Hi‘
Waog

il

°
gl

=
[¢)

of £x7} ¥ spanco] LR o]y
ok7] Al71aL UG

FAAZ AHEEHE span?] §HE F
A= Aoz deA Uk g4 4

mono-, di-, tri-fatty acid esters
i

UH

T

e
o

B

i



2
&
i
(o3
"
olr
filo
(i)
2
ol
rr
N
ko
rok
(o]
X
o

bl HEz, gl we

%z
AR ) Fot w98 SoM Uws] B3, B Fu) 719

ZAAE A Z2Fsn Yok 28y gEE 719 E9] sorbitolS =

2

M
i,

=
2 3l oAl esters} HHEOE spans AYLEer] wiEol, AAHE

rr

spand] TE7F $& FAHE 7HAA At

I8y SWHEAZ sorbitolS AFESHA] @3 31 =9 1,4-sorbitang A}
£otH vy 71ad WHoE 31 FX9 span FAo] ThEd Aoem ¢
g4 A o3 AF ARE o] &t UF I IAbolM 1 R
1,4-sorbitan< 4~ 3}

i t
+ 3l % 14-sorbitan®] =2 71ASF Il 5443 Hofo] =3ty

d-sorbitol & 4F Zwj 2l p-toluenesulfonic acid 2 phosphoric acidE ©]-&3}

of g

olo

S AP 1 =9 14-sorbitanS T3 B, o] AL}
o 1 £% A §HY spans FAE= AFH d72 PP

11 <% 1,4-sorbitan A4 WAl A = d-sorbitol &9 &Ex22 A

=

I TE A §8HY span FA GAYdANE L 59 14-sorbitans A|H

23} o 2HE WS AP, F, WS 2=, us Y S 4F



!
o] span &

J]

JAH o2
A}

g3t

o



A

o
=

7H=

=]
=

T2 Al

JHAY] dFo =, Zet
ol FAHATL oldHoR

3|

AP P olgA 5

“
o
=

21

Hin

Ko

nom,

AR A2 73 = o]

745 o] E349)

3|

%
A=

SHA B,

S

o 7]

3

3

!

—_—

X
oF

e
o

57) SO N
%T:TETU(?)]

AW Al &k

-1l
=

12 g RojA

ol &
SLe

2ol

=]
=

ox

K

e
o

A
oj
Jjo

AN

Fod Al

©

A

=

=

757

s

EWSELS Fig 194 BE ulgl go] &X

Tor

telE dedth

s



Fig. 1. Comparison of plastic films with and without
anti-fogging agent.
(@) without anti-fogging agent

(b) with anti-fogging agent
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Fig. 2. Configuration of ranti-fogging film.
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Fig. 3. A SEM photograph of the cross-section of anti

-fogging film.
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The additive s equally distributed in
the polymer matrix.

2

Byt e e |
i~ N\ e
grg—
The additive migrates to the film-air
interface, where t is preferentially
oriented, rendering the film surface
more hydrophilic,

- -
When fogging occurs, part of the

addtive dissolves in water, bwenng
its surface tension.

The water droplets spread on the
film-and fogging disappears.

Fig. 5. The action m‘.bde of

ti-fogging agent.
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Table 1. The list of non - ionic surfactants

Product name Chemical name H L
Span 85 sorbitan trioleate 1.8
Span 60 sorbitan monostearate 4.7
Span 20 sorbitan monolaurate 8.6
Tween 81 polyoxyethylene sorbitan monooleate 10.0
Tween 80 polyoxyethylene sorbitan monooleate 15.0
Tween 60 polyoxyethylene sorbitan monolaurate 14.9
Myrj 45 polyoxyethylene stearate 111
Myrj 53 polyoxyethylene stearate 17.9
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Fig. 8. Flow sheet of sorbitan monostearate from sorbitol.
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3. 4 &

31. A &

2 AFdMe T4 98 = Sigma - Aldrich®] d-sorbitol(>=98 %)= A&
3ta, #3l WhEe] FvlZ% Junseiite] PTSA(para-toluene -2-sulfonic
acid, 99 %)°} Rhodiajib 9] <14HHPOs, 85 %) % 3Fo] L A4HH;PO,, 51
%) oo 5 ZF2 9 A& ATH

A WAko 2 AFEH stearic acid, palmitic acid ¥ lauric acidv= Natural
Oleo Chemical Co.olX F{3ste] Hxo] F71 A glo] A&t 1
2o 7H AT} s 5 Junseirle] AEES ALESFAUTH B Ao A}
|3t A]¢FE L2 Table 20 e T
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Table 2. List of chemicals

Chemicals Manufacturer Purity
d-sorbitol Sigma - Aldrich =>98%
PTSA Junsei 99%
HsPOy4 Rhodia 85%
Hs;PO, Rhodia 51%
Stearic acid Natural Oleo Chemical Co.
Palmitic acid Natural Oleo Chemical Co.
Lauric acid Natural Oleo Chemical Co.
NaOH Junsei 93%
Ethanol Junsei 99%
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Fig. 11. The pHé,!;kogra 1,4-sorbitan.
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Fig. 12. Experiment equipments and procedures.
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Table 3. Analysis conditions of gas chromatography

GC

Agilent 48900

Detector

FID (Flame lonization Detector)

Oven temperature
Injector temperature

Detector temperature

200°C
270°C

270°C

Flow rate (Na:Hs:Air)

30:30:300(m¢/min)
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Fig. 13. The effect of reaction temperature on the conversion

of d-sorbitol to 1,4-sorbitan at atmospheric pressure.
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Table 4. Integral analysis of kinetic data for 1-st order

reaction

T=1507TC |T=160TCT | T=170TC ' T=180 T

-In(1-x4) t -In(1-xa) t -In(1-xa) t -In(1-x4) t
0.000 0 0.000 0 0.000 0 0.000 0
0.128 30 0.405 60 0.355 30 0.583 15
0.214 60 0.742 120 0.516 45 1.107 30
0.315 90 11178 180 0.789 60 1.427 45
0.494 120 1723 240 0943 75 1.685 60
0.568 150 2129 300 1208 90 1.929 75
0.693 180 2.408 360 1.453 105
0.734 240 1.779 135
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Fig. 14. Integral analysis of kinetic data for 1-st order

reaction.
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Table 5. The temperature dependency of reaction

constant
Temperature Reaction rate constant
T [K] k [min™!]
423 0.00352
433 0.00656
443 0.0128
453 0.0306

rate



0.100
e °
£
£ 0010 -

X

0.001 . . .
0.00220 0.00225 0.00230 0.00235 0.00240
1T [K]
Fig. 15. Temperature dependency of reaction rate constant

according to Arrhenius’ law.
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Fig. 16. The effect of reaction temperature on the product

content at atmospheric pressure.

_45_



412 ¥Hg el g

Sorbitol 2 F¥] 1,4-sorbitan®] A EH <= w8 gukgolt. uebA wk

glo] oA w27

2]

H8-2 Le Chatelierd

s

Z AAs F4

)
T

2=

R

1,4-sorbitan®] JAdol =X

F& -8 300 torr

FR k. 300 torr

J]

o BAE dFe 24}

16

KR
L

el Q1= Fig. 179 EW, 14-sorbitan®] &

ol
o0

™o AlX

olugt 160°C o]4e] H

ET_]_—

2 Y. #

Ao

)
~
o

N
Nlo

o]/de] A3z HH 300 torr AFNA=

Z =
1,4-sorbitan®] Aol 219A] &S v A FE

o

gl Al Azt A4}

L
L

J 5™, o

4

L
L

300 torr

S7HA71HA whgstE o] A=l m

ek 24etolut 300 torr

J

alc =
o 1=

o2 Yegoerz A

ge 24}

AN

bl whgrelo]l AR 1))

J]

0C=

ol
;_OO

pace]

oA vheqbg o] A= el mAl=

<

o
o

s

140°C 2

_46_



100

< 60 -
k=
9
c
Q .
O 40+ —8— 1 4-sorbitan
—— sorbide
20 -+
O T T T T
150 155 160 165 170 175

Reaction temperature [°C]

Fig. 17. The effect of reaction temperature on the product
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Fig. 18. The effect of pressure on the product content at 14
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Table 6. The effect of catalyst on the equilibrium time and

color of reaction product at 140C and 300 torr

vacuum
Contents Equilibrium time
Catalyst Color Remarks
[wt %] [hr]
H3PO4 (Phosphoric acid) 1 5 Mild brown
PTSA (Paratoluene-2-sulfonic
) 1 = Dark brown  Over flow
acid)
PTSA (Paratoluene-2-sulfonic
. 0.2 3 Brown
acid)
H3PO, (Hypophosporous acid) 1 5 White
HsPO: (Hypophosporous acid) 0.2 10 White
PTSA+H3PO, 0.26 +.1 3 White Optimum
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Table. 7. The best condition for the synthesis process of highly

pure 1,4-sorbitan

Temperature 140C
condition Pressure 640torr
talvst PTSA 0.26wt%,
y H3PO2 1wt%
1,4-Sorbitan 87.7%
Product
sorbide 10%
color white
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Fig. 20. NMR spectrum of 1,4-sorbitan.
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Fig. 21.

NMR spectrum of sorbitan monostearate.
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Fig. 24. The effect of starting materials on the acid value of

sorbitan monostearate (tol : sorbitol, tan : sorbitan).
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Table. 8. The effect of starting materials and catalysts for

sorbitan monostearate synthesis

Startl'ng Sorbitol Sorbitol :Sorbitan =1:1 Sorbitan
materials
NaOH NaOH NaOH NaOH NaOH
Catalyst NaOH (1-st) PTSA (2-nd) (1) (HsPOs) (2-nd)
T: (C) 221 218 171 220 201 208 199
T. (C) 60 52 70 49 47 60 50

AV 15 157, 18 8.5 .y 128 9.5

Conversion(%) 93.0 93.5 91.4 96.0 94.0 94.0 95.5

58.3 53.9 O 50.2 48.2 47.8 45.7

Me(C) 596 '\ ~546 ~53.0 |~531 ~498 ~495 ~472
non pr%[))fzrty pH 7
Remarks decolori - ol - pH 7.0 pH 5~6 Color
- zation white

NG

where T: reaction temperature

T. condenser temperature after releasing vacuum
Mp melting temperature.
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Table 9. The property of sorbitan monostearate manufactured

from highly pure 1,4-sorbitan

Specification Unit Result Method

Physical - white Optical observation
appearance

Specific gravity - 0.99 Gravity tester
Meeting point C 463048 5 M:;zzfraﬁzism
Ester value mgKOH /g 130 0.2¢ %f S;_Iﬁ((i:_OH)
Acid value mgKOH/ g 7.15 BN ngaHﬁf;'OH)
Ash % 0.001 800+50°C




catalyst PTSA catalyst NaOH catalyst NaOH
1-st synthesis 2-nd synthesis

catalyst NaOH catalyst NaOH & HsPOu catalyst NaOH
1-st synthesis 2-nd synthesis

Fig. 28. The photograph of synthesized sorbitan monostearate.
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Fig. 29. The photograph of sorbitan monostearate

manufactured from highly pure 1,4-sorbitan.
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Nomenclatures

A acid value
E activation energy, kJ/mol

H.L.B. hydrophilic - lipophilic balance

k reaction rate constant of 1st order reaction, min"
P pressure, torr. vac.

S saponification value

t reaction time, min

T reaction temperature, T

X conversion

Subscripts

A limiting component
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