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ABSTRACT

The main properties of tributyl citrate have been introduced. Different
catalysts that consist of solid superacid SO,* /ZnO-TiO,, carbon-based
solid acid, modified silica gel supported phosphotungstic acid and
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phosphotunggtic acid have also beenintroduced. Effectsof different reaction
conditions such as the amount of catalyst, the molar ratio of citric acid to
butanol, the reaction temperature and the reaction time are discussed. The
optimum amount of catalyst, the molar ratio of citric acid to butanol, the
reaction temperature and the reaction time are beneficial to improve the

yield of tributyl citrate.

INTRODUCTION

Tributyl citrateis one of nontoxic and biodegrad-
ablepladticizers. It dsoiswidely used in polyethylene,
polyvinyl chloride, polypropylene, celluosicresin, etc.
Therearealot of advantages|isted asfollows: good
intermiscibility withresin, high plasticizing efficiency, no
poison and low voltility, etc. Concentrated sulphuric
acidisoneof themain catalysts, but apart from severa
advantages, such asmore secondary reaction taking
place, low yield and purity of tributyl citrate, it hasalot
of disadvantagesa so. Lot of wastewater isdischarged
during the process caus ng severeenvironmenta pollu-
tion problem and at the sametime equipmentsare cor-
roded™,

Inthe present paper, different catalystssuch assolid
superacid SO,* /ZnO-TiO,, carbon-based solid acid,
modified silicagd supported phosphotungsticacid and
phosphotungstic acid have been evaluated in the syn-
thesisof tributyl citrate. Effects of different reaction
conditions, such asthe amount of catalyst, themolar
ratio of citric acid to butanol, the reaction temperature
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and thereactiontime, onthe synthetic method of tributyl
citrate havebeenreviewed. Furthermore, theoptimized
reaction conditionsare also pointed out.

RESULTSAND DISCUSSION

Effects of the amount of catalyst on yields of
tributyl citrate(TBC)

Feng Xilan'@ studied effects of the amount of solid
superacid SO,*/ZnO-TiO, onyieldsof tributyl citrate
by keeping thereaction time (3 hours), themolar ratio
of citricacid to n-butanol (1.0: 4.0) and thereaction
temperature (130 °C - 138 °C). The experimental re-
aults, TABLE 1, showed that theyield of tributyl citrate
increased with anincreasein theamount solid superacid
SO,7/Zn0O-TiO,,. It was observed that the maximum
yield of tributyl citrate 98.9 % was attained when the
amount of solid superacid SO,*/ZnO-TiO, was 1.0%
of tota reactant. Sincethen, theyield of tributyl citrate
was decreased with theamount of solid superacid SO,*
/ZnO-TiO, addition.
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TABLE 1: Effectsof theamount of catalyst onyiddsof tributyl
citrate

Reaction Mollar. raIilo Reaction Amount Yi_eld of
time h of citricacid Temperature, of catalys, '_I'rlbutyl
’ to n-butanol °C % citrate, %

3 1.0:4.0 130-138 0.3 725

3 1.0:4.0 130-138 0.5 80.5

3 1.0:4.0 130-138 0.7 92.3

3 1.0:4.0 130-138 1.0 98.9

3 1.0:4.0 130-138 15 98.6

3 1.0:4.0 130-138 20 98.0

Effectsof themolar ratio of citricacid to butanol
onyieldsof tributyl citrate

Hu Renguo® used carbon-based solid acid as a
catalyst and citric acid and butanol as feedstocksto
synthesizetributyl citrate. Thereactiontimeand the
amount of carbon-based solid acid kept at constants
were4.0 hoursand 0.3 g per 0.1 mol of citric acid of
total reactant, respectively. Effectsof themolar ratio of
citric acid to butanol on yields of tributyl citrate had
been discussed. TABLE 2 showed effects of themolar
ratio of citricacid to butanol onyieldsof tributyl citrate.
Theyield of tributyl citrateincreased withanincreasein
themolar ratio of citric acid to butanol. When themolar
ratio of citric acid to butanol was 1.0 : 4.5, the maxi-
mumyield of tributyl citrate attained was 99.1 %. After
that, even if theamount of butanol wasincreased, the
yiddof tributyl citratewasn’t increased. Otherwise, it
had trend to be decreased.

TABLE 2: Effectsof themolar ratio of citricacid to butanol
onyieldsof tributyl citrate

Amount of Reaction M o_I ar rati_o Yield of
catalyst,.g per (_).1 time. h of citricacid Methyl
mal of citric acid ' tobutanol  oleate, %

0.3 4 1.0:35 95.0
0.3 4 1.0:4.0 97.9
0.3 4 1.0:45 929.1
0.3 4 1.0.5.0 98.9
0.3 4 1.0:6.0 98.6

Effects of the reaction temperature on yields of
tributyl citrate

NieLijuan® described modified silicagd supported
phosphotungstic acid asacatayst to synthesi zetributyl
citrate. The experiment was conducted by keeping
modified silicasupported phosphotungstic acid cata-
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lyst (2.59), phosphotungstic acid loading amount (43.5
%), the reaction time (4 hours) and theratio of citric
acid to n-butanol (4.0 : 1.0). Effects of the reaction
temperatureonyieldsof tributyl citratehad been dis-
cussed. TABLE 3 presented effectsof thereactiontem-
peraiureonyiedsof tributyl citrate. Theyield of tributyl
citrategradualy increased with anincreasein thereac-
tion temperature. It was noticed that when the reaction
temperaturewas 140 °C, the maximum yield of methyl
ol eate attained was 92.2 %. When the temperature
reached above 140 °C, the yield of methyl oleate was
decreased.

TABLE 3: Effectsof thereaction temperatureon yieldsof of
tributyl citrate

Molar
Amount . ratio . Yield of
of Phos_,photur_lgstlc Reaction of citric Reaction Tributyl
acid loading . . Temperature, .
catalyst, o time,h  acid o citrate,
amount, % C
% ton- %
butanol
25 435 4 1.0:4.0 120 85.3
25 435 4 1.0:4.0 130 89.5
25 435 4 1.0:4.0 140 92.2
25 435 4 1.0:4.0 150 90.2
25 435 4 1.0:4.0 155 87.9

Effects of thereaction timeon yields of tributyl
citrate

Li Hongchao® used phosphotungstic acid asthe
catayst whilethemolar ratio of citric acid to butanol
(1.0: 4.0), thereaction temperature (150 °C) and the
amount of phosphotungstic acid (3 % of butanol acid
total mass). Effectsof thereactiontime, Figure 1, indi-
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Figurel: Effectsof thereaction temperature on yields of
tributyl citrate
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cated that theyield of increased with anincreaseinthe
reaction time. When thereaction timewas 3.5 hours,
themaximum yied of methyl olestewas97.96 %. When
thereaction timewas morethan 3.5 hours, theyield of
tributyl citratedid not increase.

CONCLUSION

Based on the above discussion and review, using
citricacid and butanol asfeedstocksand solid superacid
SO,* /ZnO-TiO,, carbon-based solid acid, modified
dlicage supported phosphotungstic acid and phospho-
tungstic acid ascatalysts, effects of theamount of cata-
lyst, themolar ratio of citric acid to butanol, the reac-
tion temperature and thereaction timehave been dis-
cussed. Theexperimental resultsobtained arethefol -
lowing:

(1) Themaximumyield of tributyl citrate 98.9 % was
attained when theamount of solid superacid SO42-

/ZnO-TiO2 was 1.0 % of total reactant.

CHEMICAL TECHNOLOGY

(2) Whenthemolar ratio of citric acid to butanol was
1.0: 4.5, themaximumyyield of tributyl citrate at-
tained was 99.1 %.

(3) When the reaction temperature was 140 °C, the
maximum yield of methyl oleate attained was 92.2
%.

(4) When thereaction timewas 3.5 hours, the maxi-
mumyield of methyl oleate was97.96 %.
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