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Industrial Synthesis for «-Sulfonation of Fatty Acid Methyl Ester
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Abstract: «-sulfonated fatty acid methyl esters{CmHamn-1CH(SOsNa)COOCaHan-1), where hydrophobic group has carbon number of 12~18, were prepard
by sulfonation of fatty acid methylester. The mole ratio of SOs to ester used was 1.3 and the reaction temperature was 70~90 C. The yield was found
to be 97% by mixed gas reaction of inactive gas/gaseous SOs. Studies on bleaching and neutralization processes in the pilot scale provided conditions
applicable to industrial synthesis process.
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Table 1. The Process Stream Composition of Sulfonation
Mass Balance w/NaOH Neutralization for : stearin-MES[ @ -SFME] 3% H:0» & 30% MeOH

Feed | Feed | Outlet | |- | Outlet | Outlet | Feed |Feed| Outlet | Oudet | Feed Feed |Outlet| Wt % W[{R%
Component Mw | Gas |Organic|Reactor 24) Recycle| Digester | Alcohol| H:0 |Recycle| Bleacher | NaOH |Solvent| Nuct | Paste Paste
(200 | (18) | (22) (27) (28) (40) | (30) | (42) (4) B0 | G2 | & | D | 50
Air-0» 28 | 298 00 | 298 00 00 | 00
SO» | s01| 64 00 | 000 000] 000 00 00 00| 00
SOs 841 01 05 | 030 02| 03 00 00 00 | 00
Methylester of Oils | 279 180 | 30 | 001 30 | 12 12 10 | 00| 00| 07 16| 28
Me:SO; Complex | 359 40 | 002| 40 | 00 00 00 00| 00
go‘n?;gm@ 439 67 | 003| 56 | 24 00 | 00 00 | 00| 00
2-SFME 359 98 98 | 188 196 | 212 | 00| 00| 00| 00| 00
2-SFCA 5 0.00 07 18 06 00| 00
Carboxylic Acid %5 004| 004| 000] 004| 004 0.04 004 000| 00 | 00
;’festg;]*&’g{ft‘fge“ 06 05 | o7 17| 17 | o0 00| 00| 00| 00
Methanol 32 72 71 68 68 | 167 | 287
NaOH ot 37 00| 00| 00
Na «-SFME(MES) | 381 22 | 542 | 944
SASC(disalt) 389 13| 33| 56
Sodium Carboxylate | 287 004 01 02
NasS0; + NaSO:0CH; 23| 57| 938
HO; 14 07| 05 02 006 01 | 02
H0 18 001} 07| 07 09 | 37| 06| 69169 | 21
Other 00} 00 | 00 ] 00| 00| 00 | 00| 00| 00 03 | 00| 00| 04| 09 15
TOTAL(Kg/hr) 363|180 | 246 | 302 | 242 | 241 | 72 | 14| 328 | 329 | 74| 06 | 410 [100
Temp(T) 0 |0 | B |B | & &% % |% | B %9 B | B |6
Press(psig) 3 3 115 105 100 25} 40
Residence Time(min) <5 30 <5 60
Klett(5% AM) 2000 3000 {11000 2500 | 150 100
g‘;d};SME as Color 004 005 00| oo 0005
Mol(MeOH/HA0) 56218 587 | 414 05

Table 2. Bleaching Conditions and Reaction Time for the
Experiment

3wt % H:O» & 30 wt % MeOH to a -SFME

S0s Mole ratio 125
SOz Conc. (wt %) 70
Alcohol Addition (wt %) 30.0 Based on Digested Acid
Figure 1. Continuous process of sulfonation, bleaching and neu- H0, (wt %) 500
tralization of fatty acid methy! ester. H:0» Addition (wt %) 3.0 Based on Digested Acid
A. falling-film reactor B. cyclone
C. digester D. bleaching reactor EE " »
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Figure 2. Diagram of semi~batch process of bleaching reaction.
2.2, a-SEX|UN ool AH S SMZH A: feed of a-SFME B: feed of methanol
Figure 1238 & # ol‘=ol gAFY dFe AAFPL C: feed of H:O; D: bleaching reactor
$ 2o} A%3F S4ZE olfeo] I4Ho2 FU8 £ 3

o gL 71 RAE °] FF g2 & AL AAHE

w3184 wgy) B d4ukgr|E #8520 Figure 2, 3¢ @ &
A BT 2T A& HolE -3 RAolE YR £EA %

o2 Hal Axe FUS H|FSE Fe v YSZTAE FAHHY

ok £53d 2HYAL LA AL2Ed] gL FH F T

Aoz frgd A AAES A& F YA T 4N ool
2890 W gzgoeg A" 2H A2 Hastelly §3C

]
£ RANLE AN 1N AER 2N 4 3, B L
EE 110 Colth. o= §4 244N E 4257} 110 T o)l
A sk ol hgAst Tad waFR LEr 7kl et
A5 @ ol-de FE FH0T B b Ry 2az
Ae wmy n5Ee MHEE (F 50 wt %8 BHEIE o

g
b1
2
2l

o] uke-AlF]E Ao AA s ) Figure 3. Diagram of continuous process of bleaching reaction.
gAaA 2 FA3E 53] gAY 9.&0) AR HD o © A: feed of a-SFME B: feed of methanol
2 BgdA BogRE LTI g v ZHREST ¢FZS C: feed of H:O» Dy, Dy, Ds, Dyt bleaching reactor
AANANE BHL SAANA olFolath YBL G247 1~4
Ml 14 BE 23 Y2 P 7 FTPEL AL £3 ouen 79 A FEAAE E84 7tz A7y gadd o
NS ARSA T 2 Weed AL FFARL o435} AdME GAYERE F3 dAdA AR olaztesy gE
o g4% 37] dEd B %o videe Hrbehd vk ERE A7 28 71U ‘{Mﬂ# gk gkl gty e wg £
9 71E8 A4AY F gk ' 2oX Ut LEE FARES zAWT TP 2A slar
Figure 2014 B vjs} 2o @43} A% 2 AI0ee ge Zad Fod Ew4 £2E0 BAL QA 2aAd] 24
5 @iz oo A WAL HE4 Aey 23 24 ¢ 340 929 #2 TN Eold ad FHAA 44E o
AFAAA o]FojA) FXE= Zepagoy Edog wEoRn Astead A4 2 B¥A 7t2FEY E”:‘ &3} uk&7]oA
H34 E 03 29 Qe Tdeln Yo Bozny Ue Sokag A7k
e MBS ASFoE YRE YT $ENoT ¥a 3P Figure 20 Uehd w24 g9 SE& o 90~110 T
dt 22z A%d F ST Y43 Sud e 2 AT Yoz B~106 T/H AT BRE LALL A4S
239 %Ezw dslol 94T EAE FAY w34 A45E imzi #¥2 5223 243 W89 Figue 1o 498
BHE7]e 4] o] FeiAict, Z gATREY o £ 2RME 2& ] 753t Figure 2
71 -‘:‘r.l% | A%H o2 Wgde &5 & AAHE -3 4 2ATRHNA NEEFEZ A gAFHE vFSo w3
24 294 232 Figue 2] YEhd A3 2o $Z3h wgFRs $RoE wEo Atk 2o} 1 AAE Ug BYH Saurg
SATHoZTH Y v ERES B2 53 w3 #9 < A% 2d<o] TdAMS 2EAd 22 gE wWEAY A5
A} 71d Aoy EfAS werE Mz urerE nRY W& Figure 19 FHo AoN FZY d&458 $43Au
A2 & FJ MY G MSEFEFS T w2 A A eltt,
TEES 283 3} eiE AR g2 dddd. gy # 714 gl #7 wEkgd o) 74]715]% A& ST

Ae ER7IY SRIWAMoIL w2 g JlaE e E 2AEY & A Yy if_-‘%sﬁ #E st EYY), B F A gV £
BERozRY AALD) S EFEL A S5 SHITHE w Hata] 74¢ wkg)E Solzith 1Y z}ﬂolb} EYAL g2

[

A Wi AL 4T F 4h T2 34 5wt % ol 8 AL AR 4 FIAU £ dFe MEFES 325
T HA AITL BEAFE= L-a-7]gx1 Hago] do| AT 5 s 42 FEAR dZ28¢ AR 38714 FFE 4’&5}-’?_&

FEEL 1S TRES WAL dE4Hor RS AARY, TEUL 83 AZES T HeUI dFH Y aYPA 9

J. of Korean Ind. & Eng. Chemistry, Vol. 9, No. 4, 1998



598 234 - 34

SERET G2 ERVIOIA AR EFS T A ac R
oA E3d},

Be AA

9e72 sEo &) WElak @AZHogRE WHE £
AAH D e EF2L 479 229 BL B3 WEdd A
& PAsE Boto] Ak BES oF 5% ol3kE SR T HA T
G2 FFHA T B2 HAeY AL $YNUY. FF ¢
2o we FHEL WA T ASHA TAEL AABY.
9o Az Z2ZeE 284 JAS AARY) YA By
ZaagolA AHE olagval g e AA sa
whg7le] Azhgth wgv)e] e uhg EFBAN dae
T2 4AEE 2AST BB AAE T2 J)A9 BAS
ARFE A 24T dZ3Y BE AH Boinct @
AIEEY FHAAAN A ol dgeiay Fas ge g
284 714 FFY BEE £E8 9guldA U dart 22
WE7tas B¢ B8 Avkshrll ARsic

Figure 39149} o] A4 galgAle) ex¥ o 90~110 ColA]
g gEgHog 8~106 T At $FE AL ulg ZHA
o2 g3 52232 2434 H|5319 Figure 10 A4y 2 &
AFARY o & SEIME 2] 758t} Figure 3¢ 24
FRolA Figure 1, 2] B} My SAGAGA gL
SRR v FLolt ulE RAMR ghFolth el Wl
FAT $AH) 2EHQ autgo] glojA BAY dHge 2
WA AHQEAE TE WA o] AL}

Figure 2, 3] 499 w323 d&F49 Ayge

FR) e g
AAZTE Aotk BF L £3589 A JFE W o
B B 3 239 dF 7|HE 25 e gAgenA
g4 2PEzRY AAGAL oA B 1EEe FAs
(50 wt %)7} oh® whaalsx] g},

HAg5as 0 §7) HAE2S THHE BF 2L SO
T g3 A2 $UAS MSAA AAY F Uek o] BF Pab
322 M58 gAFH B T ANEBS 3t Soko
S350l AAS} B} B AHBo] AZHAY Lui7} AA
909 7] BB BEL0] g AT AFHA] REEZ 4
A3 72 shoF gt o] Rg AFAY W 584 YA} oW
279 N2 WA AF o) ART By 1 HY
4 BYAZ B %S S3en 339 BNEEL AAR

Hu ok rlo

ol oX

£
oo

12 rlo mju |m

<
T

2.3. a-SEXYY ool F3RIS3H
&332 T3 AR FEFARES DEAUY Fu
UYEER 22 454882 Fe A7 =
o] 1 wt % o3t AT oF 565 wt % olde] £ED 45 A4
o 718 FAFUERS FE7F 8B wt % ooz F3ATIE
A 24 202 pHIE o 4~9, 2271 40~70 T 5334
oA ol7ke ¢E 53] veE ol oF 20~40 wt %olA F3HA
71E Aoldh. €E3t 349 $834L Figure 49} 2ol o|Fo] AL},
ETNR QA FEPUHEL BE AF HEA Ao Frz
Eolzint, &gl Frtd F A ERVIG Sojzit, A - 24
FEANA B4E s dE Behdd B HAg pH
g

=

=
243 EPo] degrt FraRE Y Fad A4E e
HESE Aast de2e 22 Wit AAS] A8 ta A
A71E T8 degnt ME7IRE F2EA9 48 W) A8y
zAs oo ¥k F3E PSS HIHES AA) AT A
2 ded. ERVE LT &U)dH AP BoRREH YL
SO+ &4, FAFEUEF R oMPNUEEH 2L AAY &

U, A9 AU A 4 3, 1998

£9T - 27U
A
A
)
] JY
A
Cc (PH,

Figure 4. Diagram of neutralization process of bleaching reaction.
A: feed of methanol B: feed of a-SFME
C: metal hydroxide D: neutralization reactor

Figure 5. Diagram of neutralization process of metal carbonate.
A: feed of metal carbonate B: feed of a-SFME
C: mixing tank Dt neutralization reactor
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Figure 8. Degree of sulfonation vs. SOz/ester molar ratio in
sulfonation of myristoyl methyl ester.
The reaction was carried out at 80 C for 50~100
min in the air of 5 vol % Sos.
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Figure 9. The relationship of Klett color vs. bleaching time for
several reaction temperature in continuous bleaching
process: (4) 65 C; (o) 72 C; (®») 80 T.

Table 3. Yields and Solid Content of ¢ -SFME

Yield from ME (%) 91 to [« -SFME, m = 16]
Yield from ME (%) 96 to [@-SFME, m =16} + Disalt
Solid content (%) 63 in Neutral Paste
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Figure 10. The relationship of Klett color vs. reaction time for
several reaction temperature in semi-batch bleaching
process: (@) 70 C; (w) 80 C; (2) 90 T.
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Figure 11. The relationship of Klett color vs. percent of H:0;
remaining for several reaction temperature in semi-
batch bleaching process: (@) 70 C; (w) 80 C; (&)
€0 T.

Table 4. Analytical Summary of the Neutralizing with Sodium
Carbonate and Sodium Hydroxide

Yields Run [ -SFME m-=16]

Component Na:COs NaOH
Di-acid in feed (%) 438 48
Oil in feed (%) 42 42
Di-salt in Neutral product (%) 45 6.0
Net di-salt (%) 03 12
Oil in neutral product (%) 34 29
Active content (%) 64.3 590
Density (g/mL) 0.90 0.18
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Table 5. Data of Neutralization Being Held Constant

Factors Values
Feed (Henkel Co.) ME-AS-16
SQO; content in Air (%) 40
Total ME+S0s (kg/hr) 91
Mole ratio (SO : ME) 125:10
HyO» concentration (% in water) 500
Hx0, addition percent to ME+SO; 36
CH/OH addition to bleacher(ME+S05) (%) 200

Table 6. The Fourth Factors, Experimental Ranges and Optimum

Values
Factors Low | Mid. | High | Optimum Value
Neutralizer Temperature (C) 40 | 55 | 70 50
Neutralizer pH 5 7 9 6.0
Total CHsOH Addition (% of acid)f 20 | 60 | 99 30
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Figure 12. The net yield to disalt percentage of neutralization with
sodium hydroxide as a function of pH and methanol
addition (% of acid).
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Figure 13. The effect of neutralization temperature and methano!
addition (% of acid) on di-salt yield percentage.
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Figure 14. The effect of neutralization pH and neutralizer tem-
perature on di-salt yield percentage.
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