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Experiments were carried out on the sulfonation of castor oil with concentrated sulfuric acid in an

agitated vessel. In order to increase the contact intimacy of the heterogeneous reaction,

R.P.M. was

varied ranging from 500 to about 2500 or more. The concentration of sulfuric acid at any time, C was

analyzed and the values of In C/C, at each time are plotted against the reaction time.

From those

plotts, it is found that there are three different stages (or patterns) of reaction; the first stage with fast

reaction rate, the second stage of transition from the first to the third and,

the third stage with slow

reaction rate diffusion controlling. Reaction rate, r, the moles of reacted sulfuric acid per liter per hour

is represented as follows;
First Stage r=0.225C (a/¢)%®

Second Stage

r=D(a/$)C

and (a/¢) is represented as follows,
(a/¢) =0.125Q"*Ng,**

Diffusional Stage

where 2=mole ratio of sulfuric acid vs. castor oil

Nr.=Reynolds number of agitation, n’D;?

d(r/C)/do=2.23x1072(a/¢)*"
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1 50 | :1.020 0.9 0.2225 0. 0630
2 1500 , 1:1 :0.975 0.96 0. 2508 0.0718
3 3300 | :1. 008 0.92 0. 2648 0. 0756
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Table 2

Nominal Ratio, | Initial Hz50, . e/ 8 | Crolald
Run No. Sa;t(f))r Oil vs. CCorﬁ;le:/tlratxon o e bt c{n‘éz E=(a/g)vs | [re(a/ 10 )”'OBK;':. Coy mean
» 4 03

1 0.99 0. 0650 0.2225 0.298 2.18
2 11 0.9 0.0718 0. 2508 0.326 2.20 2.20 0.96
3 0.92 0. 0756 0. 2643 0.340 2.22

T4 1.45 0. 1290 0.3131 0.39 3.300
5 L5 1.43 0.134 0.3346 0.410 3.27 3.25 144
6 1.43 0. 140 0.3515 0.430 3.18
7| 1.85 0,194 0.414 0.495 3.92 3
8 1:2.9 1.80 0. 207 0. 447 0.520 413 4.00 1.78
9 1.69 0.218 0.470 0. 546 3.9
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(a/¢) x10. cm?

Table 3

Run No | a/$, em=2 [N(R.P.M. )|#mizat 30°C,lomis at 30°

C, |Npe=N’D?pmir/ umi= Mole Ratio of

H,S0

1.508, 1.930 BIZ EEHEAEERK

SRk

fEm@ste]  Fig. 14
Ao o] ZHE r=0.1¢ Ak ohgol Fig. 14
2RE FH—8 Npol 83 a/p9 e dd olF
Qumean o ¥t £4 Np,==400, 1000, 1800 FI= {EH

E.
=2

poise g/cc N’ =N/60, D.~=13/3cm,.vs. Castor OQil, 2 Qmean
1 0. 2225 500 0.589 1.010 285 1.020
2 0. 2508 1500 0.587 1.018 815 0.975 1.001
3 0. 2648 3300 0.424 1.012 2470 1.008
4 0.3131 580 | 0.533 1.030 351 1.534
5 0.3346 1400 | 0.488 1.070 963 1.480 1.508
6 0.3515 2400 | 0.485 1.030 1600 1.510
7 0.414 580 i 0.472 1.050 510 2.00
8 0. 447 1600 ’ 0.374 1.050 1410 1.95 1.930
9 0. 470 2400 | 0.342 1.034 2270 1.84
5.0
5.0 ’ o ' T " Run No. 7~9 (Q....=1.930)
/___,I—L’/‘ S,
x
2.0 < 3.0
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Fig. 14. Plot of a/$ vs Ng.
Table 32255 a/¢ ¥ Np. & £E Pmean=1.001, 2104 ! 1
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a
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&< Fig.15 % 4Ueh o] 2% 8=0.80] bk, g TR
Table 4.
\g Percent Error
Run No.| a/¢, cm™? Nz, Q ‘ Q0.8 Nr 01 020-8Np,1-0 [5=0. 12520 8Ng,"!|Based on the
| Values of Column 2
1 0. 2225 285 1.020 { 1. 016 1. 760 1.79 0.222 —0.22%
2 0. 2508 815 0.975 0. 985 1. 955 1.92 0. 240 —4.20
3 0. 2648 2470 1. 008 ‘ 1.007 2.220 2.24 0. 280 +5.30
4 0.3131 351 . 1.534 ’ 1.410 1.796 2.53 0. 316 +2.90
5 0.3346 963 1. 480 1. 368 1.988 2.73 0.341 +1.80
6 0. 3515 1600 | 1.51 ‘ 1. 390 2.090 2.90 0. 362 +2.80
7 0.414 s0 | 200 | L7400 | 1.866 3.25 0. 405 +2.0
8 : 0. 447 1410 | 1.95 1.705 i 2. 060 3.52 0. 440 —1.5
9 ‘ 0. 470 : 2270 l 1.84 1.630 ! 2.190 3.37 0. 447 +5.0

a g 97] B3te] Table 3 522 %5 Tabled & 44l
5 o] Table%9) 7t a/¢ & Q%N o st HEH
U] (FEste] Fig I6(ERlE D2 €L o2

= M=

e a=0.125em* & 2Rk o1AE EDRe KA
8 a/e=0. 1250 N M Kol kEhed & HEME

3jar3eh, M5 M23,1967E 68

s = AR a/¢ BRME
E el Aich

Table 4 2] 8 FHA]| 1)
& HHo 2 d WES

S a/¢=0.125Q%Np M Ko 2HE A& a/o e
1M RERES Jeplle X —dWnC/C/ds

=0.225(a/0)"0 o] fRA, FEIfESL HeEestodcl,
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Table 5

/)08 —d(InC/Co)/d8 Percent
o [Q(D .(;)10215) (=0 225(alMeasured Errorbased
0Q0-8Np 01 ]jp! N Re )1 /6)%8] frzmuelgig 9 Values from
Fig 9
1 0.222]  0.288 0.0649]  0.0650 —0.15%
2 0.240|  0.338 0.0760]  0.0733] +3.68%
3 0.280]  0.362 0.0812{ 0.0757] +7.2%
4 0.316]  0.398 0.0895  0.089 | +0.36%
5 0- 341 0.421 0.0947,  0.093 +1.81%
6 0.362]  0.435 0.0978, 0.097 | —0.82%
7 0-405  0.486 |  0.1092]  0.104 +5.0%
8 0.440]  0.520 ©  0.2166] 0.115 +1.4%
9 0.447  0.528 ¢ 0.1180 0.126 ~5.9%

5 T T T T Y
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BalLd #It] castor oile] FHAEFY EHE
% 1 mole o #3led 2.44% L kel §22 kC%qaicar=
ke 32 483199 7w Table 4, 52] percent error
Mol £ 5 gl vbet Zo] £ BRE &2z 0
EE FfBold

2. B)R Ve BEEPE E=(a/o)" T &
dimension ol vk, Bl E=[(a/$)/(@/$)max™ B4 (a
/Pmex=1lem™ g ] Ep =10l E HoZ E, . =1
4 AW/ Pmex=1cm™? o] B2 R E=(a/¢)" & 2HZE
ERTTO EEDE] HE Aol

3. Table 3o YEFE i & Omiz © castor oil 3
BEHEELS] heterogeneous mixture & ¥LESH BEE
Ebl A2 A 53] g castor oil ol o] AriEkiHo]
ol ohzh BEEEY BIRE emulsion o HEE v
B XL BAT 7 & ¥t ol BED #E
pio] gl Ostwald®] ¥EFHEE FHEAA
cation RFES o] ¥fTH o2 Rty = IEMT e &l

EE T QR TLE ABD K 134 29 BH-RED
o WEE katod 23e Kd ' ei(q 7]
E ESFRIE HESNY B2 tnie E HATE S Fig
16, Table 4,5 o4 B vie} Zo] BIFR FHRE B3
ARLoR BN #FACl RFE ¥ oty et #F
AP AR ARE,

4. d71A $F2o] BB KEd Hitd BEE
EanAgt 1B RIEHEER r=0.225(a/¢)"8C

h:

esterifi-
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! o 2 3 4 o} FEHRSY KEEER=D(@/¢)CZEEH £%
» Fig.16. Plot of /¢ vs. Q0-8Np, 01 r/C=0.225(a/$)"8--(A), r/C=D(a/$)--(B)
% e =2 6,7,8 5% ZEsIIR #1EHIT KIE
= WiEH KEs 3 BRIA ol 3 gk 10RERIEAA H=
1. Castor oil Bel & glyceride & HR3E el BEgr $ATE SR ET mMBEMET 3~10 K
80 Tv=E 87%% 7} ricinol BE(TEEEA 17, OHI 1 Abol7b =l o}, wheba w& Table 69 (A), (B2
7l &)Y o.E HEET castor oil o ZEAI} 2 mole Zrah RERRES GRS Fordt Fig 173 2o
:1 mole Q] A$o QoA HE 2 moleo] 3t REBHE AESA BT 4 ek Fig 172%¢ o
Table 6
Run No. (a/#) (a/§)08 o Sosarppe | 7 C=DGa/®) o) 208 Ng,0-1
1 Q. 2225 0. 298 0.0619 0. 0141 0.73x 1072 1.79
2 (. 2508 0. 326 0.0760 ! 0. 0159 0.8x 1.92
3 0. 2648 i 0.340 0. 0812 ’ 0. 0168 0.92x » 2.24
4 0.3131 | 0.390 0.0805 | 0.0198 1.00X 7 2.53
5 0. 3346 0.410 0.0947 % 0.0212 1.05x 2.73
6 0.3515 0. 430 0. 0978 0.0223 1.08%x 2.90
7 0.414 0.495 0.1092 0.0262 1.20% 3.25
8 0.447 0.520 0.1166 0.0283 1.26x 3.52
9 i 0. 470 2 0.546 | 0. 11802 0. 0298 1.26%x » 3.57

(120) o v/A

D=6.336x10"%cm?/hr
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2 d(@/C)/do ) 3t& Table 6
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2 %K
a:contact area per unit volume [em?-cm™]
C:sulfuric acid concentration [mole-171]
Cy:initial sulfuric acid concentration (mole-1"13
Coe mean:mean value of Cyp [mole-1-1)

C;:sulfuric acid concentration at the interface [mole-11]
Cg4, Cpisulfuric acid concentration at time 64 and g
respectively in the stage of diffusion controll reaction
{mole-171]
Craaical® concentration of radical in castor oil

[mole-171}

/4 (121)



D: diffusion constant {c¢m?2-sec™!]
D,:internal diameter of reaction vessel [em]
D;:impeller diameter [cm)
E:contact efficientry

k:reaction rate constant

k.sf:effective reaction rate constant [hr1)
L:blade width [mm3}
n:number of order

N:r.p.m. [min™)}
N:r.p.s. [sec™)

NN D%0,1/ 2mix)  Reynolds number of agittaion

n:number of order

g:number of order

rireaction rate, moles of reacted sulfuric acid per liter

(mole-172-hr 1]

{mole-1-*-hr™]
(mm]
fem™]

per hour
rotinitial reaction rate
W:blade height
a:coefficient

5, rinumber of power

/26

¢:diffusion distance (em]
(a/$)oinitial value of(a/$) [em™])
f:reaction time (hr)

6 Opireation time in the diffusion controlling stage [hr)
pmixidensity of sulfuric acid and castor oil mixture
{grem™}
fmiziviscosity of sulfuric acid and castor oil mixture
(poise]
Q:mole ratio of sulfuric acid vs. castor oil

mean:mean value of @
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