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Abstract: Linear alkyl benzene sulfonic acid and its derivatives, straight—chain alkyl benzene sulfonates, are a
class of inexpensive surfactants that are widely used in washing and tertiary oil recovery. In this experiment, we
propose a continuous synthesis process of linear alkylbenzene sulfonic acid using Linear alkylbenzene produced
from industrial mixed olefins in a coal-to—oil enterprise in a microreactor, and investigate the influence of process
conditions such as sulfonation temperature, molar ratio of raw materials and concentration of sulfonating agent. It
was found that the individual process conditions during the mixed straight—chain alkylbenzene sulfonation process
had a significant effect on the product yield. Under the conditions of reaction temperature of 50°C, SO, : LAB molar

ratio of 1.0 : 1 and residence time of 5.09 s, the final product could reach 94.5%(mass) of active species.
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Meanwhile, a microreactor pilot platform was designed and built to realize the continuous synthesis of mixed

alkylbenzene sulfonate,and the yield of sulfonate product was over 90%. The study can provide technical support for

the industrial application of the process.

Key words: microreactor; sulfonation; linear alkyl benzene sulphonic acid; liquid sulfur trioxide; surfactants

i =

TR 0 BT IR R R W B DR R IRE T
IR e AE TR I A B IR I 2 45 A b A K L E
B J i A% H RTAL T 5K, 20K A5 I vl it
A v BRI AEL A8 A 7= il TT DL fige D A o
et i e o B 2SR B R S T
AR A3 ] — S AR R, B4R R
PR G REME EEY R T 456 LU R
S oA T, Heha R Sk ) 45%, HE2 R a-
IR, YR o IR AR B a1 2t 3 Ak T 1 45
TRA BB R, i — 20 A 7 1 A e HE ORI 1R 56 ™
fi o LA ot BRI R £ 2 H AT R UL H R VR
RGN Z—, FLHT B ABRS, R U 55
PR B, 38 W UFHFEFLL R R K 2% G
v B3R P8 2 )45 . 2019 4F e AR IR 5
i oA 58.83 T3 I, (i BH I - 2 IV R R B Y
46.77%"

2009 4, fif Ak T 208k 511 o ok W 4 1) A 1 Ak
T B, TR —Fh A e 4 G PRk
BOR B AL F AR B R TE Z 58 & B T 12 e E,
WAL A KB ER . = EAL AR M A R
SRS . Hop SO ME MR S 5 R, LT 6
S g e AR ) A SO, S — Rl X AR RE L A A AR
B HA S BRI AL A T SOLME AL
FR B B2 7 i B0, R R0 38 2, T B o Lk B DA R
RR WP REEE . R A R I B, FARGON A K,
ST K 170 kJ/mol™, U] v 550 R% 76 1 2 N 1Y
gt A7 RN R Tl R

SIS H KA SO, s K E AR
Y B — 2 1 FL R A, SO, 7 B 15 il 7 4% ~8%",
it B R A BRS LZS o RAS AL R 3 Rk
TRRR SO, RN 57 75— 72 19 H BT & B, 5 FH TR
=S AL B L A SO, 48 A B Ak DL % SO, 7 7
Ak o %8028 2R 0L At AT LA FH 7R SO A S it
AR S, (H 2 B T TG s B ) e 2%, S5
BRI 7% NIRRT BRGER A N 38 5] 4 [
R, DT AR 3 22 () R =0, T B S A E e b

A SO, AR Ay i Ak 0] 19 52 7 v 52 Y 6E s )i
i RIS S NN i RS SR PR BN i S T
07 i FH 38 P A 1 ke s AL A% B A% ik BE L (H
S MCSR M LA 4 TR B2, TR] A R AR R A L R
PRIAE

T 20 4F 28 AL TRy — ol B AL~ ad e
SRAL B Z B BOR B2 1 5G>T B
AEBUN AL BRCR R LRSI A", 5
1% 4t 48 2SI A | I FBE S i 25 FH it 1 S vy
AR H RIS e A LG, A% A% RE ) LU A% G S v i
RA~2EE G, BN a N IRLEE 73 A 14157
TN Uk B 5 B AR ) A5 BRI R] 3 A A R Ak
RELF 385 FH T3 T 52w 33 A 1) s A B " R
2 42 A PRIV i PN 1 R 2RBORE = A A i e Ak T
AT T WIS, B LA TR S AR AR 7y v X F AR TR
M BEBE M R 3k 96% LA I o Geng S i1 T U iz
a PR AL R T2 AR S T2,
SR 277 it AT DAGR B 5 i 225K o Xu PR S
T A WSS T S e R AR Y i SR AL AR B
BURTCAEA 7 i s & i il 38 99% .

VL BT S LAAi ) A S A e , LA R R AR
F P AT T2V oy SRR R £R 1Y 4 2k AR
P AR SC LB ARE Aol AR 7 TR A s e e B Ak
Wy ok JEORE 38 A B 5T T IR A B AE B B K (linear
alkyl benzene, LAB)#Yfifi b1 72 , TR &R il iR £h 1% 221k
BT R

1 SLIG

1.1 FEH

S TTHE SO, F TV VR A EL A Jor 5 4 T 1 i —
TEMRBE M) R O . S5 R VROAE SO,-—
SOV WA R AL 3R = BN T A58 i i 1k
¥ SO, HY TP, I A MR B R (29 25% (J5i & ) Tl U
1480, B HE T 1,2- 5 2 4E(AR,99.0% , General -
Reagent)(1,2—dichloroethane, EDC)H, il £ H 5 5t &
A3 B SO, 31 0.1000 mol/L 1) NaOH A i
VS TR(MA CKLIN )X il 8 Ao Al A0 579 e B A T b a2



© 1186

fb T

¥

B3

1.2 XWEE
12,1 #4HCEREE K NBEIREL L
U A E, AT — Al R A& A
BN FUK IR AL . SRR A 8 A 22 1k [l 1 LA
B 1 5 4 TR, (A5 i P AR R gt it AR e
AN A B AR M 0.6 mm, SN ) 152 B4 1) i) 1
1L R RN A A HEA TR . AR SO R B Y AT
TS BER R A B A A BRI A R R A T

I 56 B A A 7R R A TR L e R
V8L LA [) F 9 o 3 o FE i 1 2 T AUBOIR B b 7
TR A 2 PN R S Y LA A [R] 1 9 X BV o FEE
TSAE T KA AR SR, 1 1 A5 3 ) 7 IS4 S
T E . B AREH RPN O
TR 2 LA e A 7% R AN R R TmT AR A 3R AR
122 #E$EgAs R REE K2 MR %
LA AU N /IR BE B, EE N = A4, BV |
VD K bR, B AR A S ) R R AR 2
IRA RS G UE AU s B = it e HEA
Pidtgerh, I SRR AV R A, 43
BRI HIE 85~90°Co 43 B Tl v B [TIAC 1,2
B W00 <0 1 e W 1 2 T 2 N P o =
FE T ALK , AT B T B Bk 2 R S b
TR ™ oKW AEPEFE 4 vl i R A BC 47
AN TR R TS BB RRER ™

Advection
pump

0
i

— Check valve

*

e

Ts

|
|
LAB tank |
| connecion
|
I

Sulfonation agant Advection
tank pump

Tubular preheter

1.3 SWHAE
1.3.1 A HA AR RA oA AU TR
B e EE RN R I W, 308 3 Y AH 3 S 2 e J
AR T M R AE . i C - RO A A TR
g 25°C, UV A I8 K A=225 nm , FEFER 20 WL, i
1.0 ml/min, JiE SHAH A 20 F B R HAR R L (2
Jif): V(I BE)= 70: 301, FC ] #F i W B2 5~15 mg/ml,
FEZ AT o0 A JEORLE B an 16 3 s o NI H AT
1 BRI S B A B B A E 10~ 14 5
%7 GBIT 5177—2017¢ Tl B 4 ke F2 2K ) 43 B
J5ik HZIR A R R I R bR S A
HEAT AT o RRE I 5 I 7 B RRUA3 o i ik doe JEOR
F14) e T AR R TR R BT A, e ()T

A =2 % 1009 (1)
I_A 4

AR dot FER 2H o 1oy g T AR ey U T AR 20 B D H
E2N())7 S

D = % % 100% (2)

e HEAR B2 i MR
SAM,
=100=D 3)
A i B BEREIR W T AR s d AR e R
O3 AR T AR 5 A Ry S0 TRIAR s M 1 Bk B BE 4 1 731
L ARBEL R .

M

Tree-way
valve

Micro-reactor

Thermostatic
waterbath _I

Liquid waste

recovery tank Receiving flask

Bl SRS R

Fig.1 Experimental device of continuous sulfonation
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Fig. 4 Titration of color change by programmed titration
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Table 2 Color comparison of products before and after aging at different temperatures
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Fig.8 Comparison of the different colors of the products after sulfonation in the experiment
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