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Development of Environmental-friendly N-Acyl Taurates

Manufacturing Process and Evaluation of their Physical Properties
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ABSTRACT : A new condensation process for manufacturing N-acyl taurates which generates less
pollutant and produces more than 60 % yield in comparison with the conventional process has been
developed in this work. Its optimum process conditions are at 210 ~ 230 C of reaction temperature and 6
~ 9 hour of reaction time when Parasol 123 of petroleum refired oil is employed as process solvent and
mixed catalysts of sulfonic acid and phosphoric acid are utilized as process catalyst. And the qualities of
N-acyl taurates produced by this new process are similar to or better than those of imported product
judging from their acid value, amine value and color. Thus, it can be said that the newly developed process
for manufacturing N-acyl taurates in this work is better than the conventional process.

The physical properties of N-acyl taurates produced in this work such as surface tension, foaming
power, foaming stability, hard water stability, and emulsifying power etc. were compared with those of
commercially available anionic surfactants. And the experimental results show that N-acyl taurates shows
good physical properties and that they can be alternative to conventional anionic surfactants.
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Fig. 2. The newly developed process for manufacturing
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Table 1. Change of physicochemical properties of reaction product according to process solvent

Solvent Acid Value(mg/ 1) Amine Value(mg/ 1) Color(GADENER)
2hr | 4hr | 6hr | 8hr | 10hr | 2hr | 4hr | 6hr | 8hr | 10hr | 2hr | 4hr | 6hr | 8hr | 10hr
None - 75| 50 | 43 | 38| 35 | 8 | 58 | 50 | 45 | 41 1 1 2 5 9
Liquid paraffin | 53 | 38 | 29 | 21 | 18 | 63 | 43 | 31 | 23 | 20 1 1 1 2 2
Paraffin P-135 51| 37|26 | 19| 15 | 60 | 41 | 28 | 21 | 17 1 1 1 1 2
P-145 53 1 39|29 | 22| 18 | 65| 44 | 30 | 22 | 19 1 1 1 1 2
P-155 60 | 41 | 31 | 24 | 21 | 68 | 46 | 33 | 25 | 22 1 1 1 1 2
Mineral | Mineral spirit | 61 | 43 | 33 | 27 | 23 | 72 | 51 | 39 | 30 | 24 1 2 3 5 7
oil M-7 oil 58 | 41 | 32 | 25| 20 | 69 | 48 | 35 | 28 | 22 1 2 3 4 6
Parasol 123 48 | 33 | 25 | 18 | 13 | 59 | 39 | 25 | 14 | 12 1 1 1 1 2
Petrol- Cocosol 52 139 |29 [ 23| 19 | 63|41 |29 | 24 | 20 1 1 1 1 2
refined Kerosene 51 | 37 | 27 | 20 | 17 | 62 | 40 | 31 | 25 | 22 1 1 1 1 2
oil Dodecane 62 | 43 | 33 | 25 | 22 | 67 | 44 |35 |29 | 26 | 1 1123 4
Decane 65 | 45 | 34 | 27 | 23 | 71 | 58 | 47 | 37 | 31 1 1 2 3 5
* reaction temp : 230 C, catalyst : PTSA + HPO,
Table 2. Change of physicochemical properties of reaction product according to reaction catalyst
Catalvst Acid Value(umg/ 1) Amine Value(ug/ 1) Color(GADENER)
¥ 2hr | 4hr | 6hr | 8hr | 10hr | 2hr | 4hr | 6hr | 8hr | 10hr | 2hr | 4hr | 6hr | 8hr | 10hr
None - 90 | 75 | 67 | 55 | 48 | 95 | 80 | 71 | 59 | 51 3 4 6 8 12
Sulfone PTSA 49 | 35 | 25 | 18 | 13 | 55| 38 | 25 | 18 | 14 2 4 6 8 12
type Sulfuric acid | 51 | 37 | 27 | 20 | 16 | 57 | 41 | 27 | 20 | 16 2 3 4 6 9
Tin tve DBTDL 67 | 51 | 39 | 29 | 24 | 78 | 62 | 50 | 41 | 33 1 2 2 3 4
P DIOTC 70 | 53 | 41 | 30 | 26 | 79 | 64 | 53 | 43 | 34 | 1| 2 | 3 | 3 | 4
Phosph-0 HsPOy4 5% | 39 | 28 | 22 | 19 | 61 | 41 | 32 | 24 | 19 1 1 1 1 1
rous HsPO, 53 | 37 | 27 | 21| 17 | 58 | 39 | 27 | 21 | 17 1 1 1 1 1
;Z?des H3PO; 5438|2024 21 62(3 31|27 |21 ]1]1]1]1
PTSA (2)0.2+(0)0.3 51 | 37 | 29 | 22 | 19 | 62 | 43 | 29 | 24 | 21 1 1 1 1 2
(@ + (@)0.2+(0)0.5 50 | 36 | 27 | 20 | 17 | 61 | 41 | 26 | 19 | 15 1 1 1 1 2
HsP
ﬁb? 2| @02+0)1.0 | 48 | 33| 25| 18| 13 |59 39|25 |14 12| 1| 1] 1]1] 2
* reaction temp : 230 °C, solvent : parasol 123
Table 3. Change of physicochemical properties of product according to reaction temperature
. Acid Value(mg/ 1) Amine Value(mg/ 1) Color(GADENER)
Reaction Temp.(C)
2hr | 4hr | 6hr | 8hr | 10hr | 2hr | 4hr | 6hr | 8hr | 10hr | 2hr | 4hr | 6hr | 8hr | 10hr
150 8 | 71| 62 | 55 | 47 | 90 | 75 | 64 | 56 | 49 1 1 1 1 1
170 78 1 66 | 52 | 41 | 32 | 81 | 69 | 54 | 42 | 29 1 1 1 1 1
190 65 | 51| 40 | 31| 24 | 70 | 53 | 39 | 26 | 21 1 1 1 1 1
210 53 | 36 | 26 | 21 | 18 | 61 | 41 | 26 | 19 | 15 1 1 1 1 1
230 48 | 33 | 25 | 18 | 13 | 59 [ 39 | 25 | 14 | 12 1 1 1 1 2
250 45 | 31 |22 (16| 11 | 53| 35| 22| 13| 10 1 1 1 2 3

* solvent : parasol 123, catalyst : PTSA + HPO,

CLEAN TECHNOLOGY Vol.11 No.4
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Table 4. Quality comparison of reaction product produced in our pilot plant and commercially available product

Evaluation Measuring method sample 1 sample 2 NOF
items (s/unit) (A30L17) (A40A29) (O3]
appearance Visual (25C) Milky White Milky White Milky White
color APHA (25C) 100 50 80
pH 5%, aqg. soln 7.6 7.25 7.65
active anion
components (%) EPTON method 9.8 10.1 10
acid value KOH mg/g 1.69 1.5 44
amine value KOH mg/g 1.55 1.7 1.64
solid (%) 105C % 1 hr 10.2 10.5 10.8
CuHzr (%) 2 2.3 5.6
CisHa1 (%) 5 35 35.6
carboxylic acid CisHar (%) 15 4.5 3.8
components CisHzs (%) 72 34.1 31.9
CisHss (%) 3 20.5 18.3
others (%) 3 3.6 4.8

Table 5. Comparison of N-acyl taurates manufacturing processes

Classification

Conventional process

Condensation process
(this work)

Reaction type

- Exothermic

- Endothermic

Workability

- Difficult in pH control

- Improvement of workability using

high b.p. solvent

Reaction yield - Low - High ( more than 55%)
Amount of air - Large . No
|water waste (SO,, HCI, HsPO; etc.)
Amount of solid waste - Large - Low
Production cost - Large - Low

Comments

- Necessary for additional

purification system for removal of
a large amount of NaCl

- Not necessary for additional

purification system (no generation
of NaCD

- Minimization of unreacted

carboxylic acid

g7l M1d M4z
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Figure 3. Dynamic surface tension of anionic
2 E4AE UehiATk LPhe} LEPh= Aol A surfactants.
Table 6. Comparison of physical properties of anionic surfactants
1tTeeI§1ts Density Viscosity Surfgce CMC Kraﬁ \i/{:trgr
Anionic pH (g/erh) (cP) tension M) POINE 1 o bility
surfactants (dyne/cm) () (ppm)
CTS 7.80 1.0167 1.81 27.6 1.0x107° 19.3 2132
OTS 7.32 1.0102 3.64 24.5 2.0x10™ <0 3750
STS 7.32 1.0081 3.11 24.1 1.0x107° 41.3 2493
SLS 7.81 1.0119 1.84 26.4 6.0x10™ 8.4 467
SLES 7.69 1.0140 1.88 33.8 8.0x10™ <0 >6500
ALS 7.04 1.0031 2.04 26.2 4.0x107 9.8 457
ALES 7.26 1.0088 2.24 31.6 8.0x10° <0 >6500
TLS 6.51 1.0015 1.88 25.3 2.0x10° 3 1600
LPh 1.86 0.9969 1.90 24.6 6.0x10™ >100 -
LEPh 2.19 0.9988 1.16 25.5 2.0x10™ >100 -
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Figure 4. Foam abilty and stability of anionic
surfactants at D.l. water.
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Figure 5. Foam ability of anionic surfactants at hard

water.
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Figure 6. Emulsifying power of different anionic
surfactants for dimethicone.
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