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Abstract: : Expandable graphite loaded with zinc sulfate {f@as prepared with KMn{as oxidant, k50,

as inserting reagent, Zn@s the auxiliary intercalating agent, and its lgéita activity for esterification
between isoamyl alcohol and oxalic acid was studieghanded volume and X-ray diffraction were emplby
to illuminate the intercalating reaction and stawet Influence of mole ratio of isoamyl alcoholdxalic acid
and dosage of Efzon ester yield were optimized through single faetxgperiments. The suitable esterification
condition is controlled as follows: molar ratio isbamyl alcohol to oxalic acid keeps 2.8 : 1.0, snaSEG,
keeps 7.4% of the total reactants mass, reactiepskat the boling point and lower than 140°C. Yiefidli-
isopentyl oxalate reaches 67%. The catalytic agtiof EG;, is stable within the first four time reuse, but it
decreases obviously in the fifth time. It was wegrthb note that there is no obvious change inF&pansion
property.
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I ntroduction

Di-isopentyl oxalate is a kind of improver for déésexadecane numbét, and it can improve the
value by 4.0 with only a 1.0 (vol)% additive amauint addition, di-isopentyl oxalate is constitutegonly C,
H and O three elements, it can completely burn l@alice the fume, which accords the requirement and
development tendency of environmentally friendlgdgarction. Oxalic acid is easy oxidized and turmed CG,
and CO, so concentrated$0, can not be used as catalyst of esterification éetwsoamyl alcohol and oxalic
acid. Normally, its preparation is carry out withlypisoamyl alcohol, oxalic acid, and a water-carragent
toluene, which leads to a high mole ratio betwelenhel to acid and long reaction period of morentti®
hours.

In recent years, stannic chlorfdePO,*/TiO,?, lipasé” and expandable graphiféwere reported to
use in the synthesis of ester. Zinc sulfate isd kif Lewis acid, and it has been used as catalybe synthesis
of n-butyl acetat®, di-isopentyl oxalatd and biodiesél. However, it is soluble in water and hard to sefgar
from reaction system. In order to make it reusatle; sulfate should be loaded with suitable cesrie

Expandable graphite (EG) is a kind of compositeemal prepared by inserting molecules, atoms or
ions into graphite layers, so it was called graphitercalation compound (GIC). This solid -acidatgst has
exhibited catalysis in the synthesis of ketShand estel”. So, the most remarkable thing is that if zindatel
is used as auxiliary intercalating agent of gramhit can not only be loaded in EG, but can alsprawve the
catalytic activity of the GIC. Herein, to obtainpendable graphite loaded with zinc sulfate compd&iG.,,),
the intercalation reaction of natural graphite wasestigated using KMn@Eas oxidant and $$0,/ZnSQ, as
intercalatorsin this research, the preparing method of the roaati EG, was founded. Expanded volume and



Xiu-yan Pang /Int.J. ChemTech Res.2014,6(5), pp 3146-3151. 3147

X-ray diffraction spectroscopy (XRD) were usedctmracterize the expansiveness and structure, and
its’ catalytic activity for esterification reactidretween isoamyl alcohol and oxalic acid was ingasgtd.

Experimental

WAY refractor (Shanghai, China), Y-4Q X-ray difftameter (Dandong, China), KSW Muffle furnace,
FTS-40 Fourier transform infra-red spectrometer éisa Biorad) were used in this experiment.

Natural graphite @, 5092) was provided by Action Carbon CO. LTD, Biagd China. Oxalic acid,
isoamyl alcohol, S0, (98%), KMnQ, ZnSQ- 7H,0, NaHCQ, anhydrous MgSg@are all analytical reagents.

Preparation of EGz,

Reactants were weighed and mixed in the order lofedi HSO,, ZnSQ-7H,0, material graphite C
and KMnQ, in a 250 mL beaker and stirred at the controleedderature using a water bath. After maintaining
for 40 min, then the solid phase was washed witliodized water until pH of the wastewater reached t
6.0-7.0. Solid product was dipped in water for 2hen filtrated and dried at 60-65°C for 5 h, ar@;FEwas
obtained. The effects of various factors on dilgitgbof the EG;, were optimized through single factor tests
including the dosages of KMnOH,SQO,, ZnSQ-7H0, H,SO, concentration, reaction temperature and time.
Finally, its feasible preparation conditions weetedmined as follows: mass ratio of C : KMn@,S0,(98%)

. ZnSQ-7H,0 was controlled as 1.0:0.35:5.0:0.4, angb@, was diluted to 80 wt % before reaction; the
reaction lasted 40 min at 30°C.

At the same time, EGuith only H,SO, as intercalator was prepared under the mass oitio
C:KMnO4:H,S0O, (98%) of 1.0:0.35:5.0, 50, was diluted to 80 wt %, and the reaction lastedwtfat 30°C.

Preparation of diisoamyl oxalate

With a definite mole ratio, oxalic acid and isoarajdohol were added into the reactor appendingestir
and water segregator. Reaction lasted a certamainboiling point of less than 140°C and with théalysis of
EG.. Then the products were filtrated under vacuunshed with NaHC@saturated solution and deionized
water, respectively. The upper layer solution wasddwith MgSQ and then distilled under air pressure, the
fraction corresponding to 180 ~2EC was collected. Then the collected oily distdlavas analyzed with
refractor and IR, respectively. Refractive indexswiatected as 1.4204 at 25 °C, similar with thentep value
[ In the IR spectrum analysis of the distillate\ghdn Fig 1, characteristic peaks of C-H (2953¢nC=0
(1754 cnt) and C-C-C(=0)-O (1168 ch were all observed except -O-H, which testified thistillate was
diisoamyl oxalate. Its yield was calculated acangdio equation (1).

Yield % = (M obtained diisoamyl oanate/ m theory diisoamyl oxalate)* 100% 1)
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Fig. 1 FTIR analysisof distillate
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Results and discussion
Character of EG;,
Dilatability of EG2, and EG

Expanded volume (EV) is an important index to judféhe intercalation reaction of,HO, and ZnSQ
into graphite, and it is defined as the volume gfanded graphite corresponding to 1.0 gram of waigizIC,
written as mL/g. 0.300 g GIC was weighted and egpdrinstantly at 930 °C, volume of the obtainedaexied
graphite was detected with a measuring cup. EV@&f,Eand EG was detected as 500 mL/g and 450 mL/g,
respectively. The lager EV expandable graphite gz, the higher dosage ofS&, and ZnSQit would
hold.

X-ray spectrum of the prepar ed graphite specimens

XRD analysis for natural graphite, E@nd expanded graphite, prepared by Fpanded at 930 °C,
were performed and shown in Fig. 2. Sharp diffactpeaks at 26.6°, 26.3° and 26.5° appear in ratura
graphite, EG, and expanded graphite, respectively. It is suggestat in the preparation of GIC, the layered
structure of the flake graphite is not changed Xigation and intercalation, but the distance betwthe layers
changes from 0.334 nm to 0.339 nm and 0.336 nrpeotisely. Although the structure of the flake drae is
not changed in GIC broadly, the surface structhenged, which wakens the diffraction peak at 55L8fs can
be explained that natural graphite is oxidized urméation of KMnQ and carried on positive charge. Due to
the distortion of conjugate system and the exctfimction of positive charge, the gap betweenlgtapgayers
is extended™, and then intercalation reaction da@ proceed extensively between graphite and irtgiog
agent. It worthy to note that a new diffraction keat 18.9 °© with an interplanar crystal spacin@.47 nm can
be observed in the diffraction spectrum of &Gt the same time, as observed in Fig. 2 (c)raifion peaks of
31.7°,34.4° 36.2° 47.5°,56.4°, 62.9 °@&NA8 ° are characteristic peaks of ZnO, decompuospiroduct of
ZnSQ, at high temperature. All the results can testify thtercalation reaction of ZngQand the solid E&
product can be used as the catalyst of esteridicdtetween oxalic acid and isoamyl alcohol.
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Fig. 2 XRD of natural graphite, EGz, and expanded graphite
(a) natural graphite(b) EG,; (c) expanded graphite

Optimizing of esterification reaction
Influence of mole ratio between isoamyl alcohol and oxalic acid on ester yield

In esterification, mole ratio of reactants is thestimportant influence factor on ester yield. Esige
isoamyl alcohol was used in view of its functionaafting as water-carrying agent. To find the fdasrhtio,
isoamyl alcohol to oxalic acid of 2.4 ~ 3.2 : 1.8snested with the reaction kept at boiling stai@ss of EG set
as 7.4% of the total mass of reactants, and reastimpped until no water separated. As shown in Fighe
reaction gets the highest yield at ratio of 2.80. Ester yield increases with the increase ofrigdalcohol
when the ratio is among 2.4 ~ 2.8: 1.0, beyond vhise, it begins to decrease. To high dosage aziniy!



Xiu-yan Pang /Int.J. ChemTech Res.2014,6(5), pp 3146-3151. 3149

alcohol will increase the wastage of heat, and sieltfae purity of product. So the mole rat{csoamyl alcohol)
: n(oxalic acid) of 2.8: 1.0 is adopted.

Influence of catalyst dosage on yield

With mole ratio of isoamyl alcohol/oxalic acid sa&s 2.8:1.0, the influence of catalyst dosage on
esterification was detected. As tested in singtdofaexperiments, the reaction gets a maximal egédd of
67% at 7.4 % when the mass of £& changed in the range of 6.2 % ~ 8.6% of thel tatactants mass
(shown in Fig. 4). Too high Efs dosage will lead to side reaction, and increass lof product during
separation of the catalyst.
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Fig. 3 Influence of isoamyl alcohol/oxalic acid moleratio on ester yield
(Condition: mass of EG, is 7.4 % of the total reactants massaction kept at boiling state until no water
separated
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Fig. 4 Influence of EGz, masson ester yield
(Condition: ratio ofn(isoamyl alcohol) n(oxalic acid) controlled as 2.8 : 1.0, reactiontkaboiling state until
no water separated)

Comparison of catalytic activity of different catalysts

To investigate difference of catalytic activity B6G;, and EG, parallel experiments were carried out at
the ration(isoamyl alcohol) n(oxalic acid) of 2.8 : 1.0, reaction kept at bdailistate for 1.0h. For Esand EG,
7.4% of total reactants mass was used in the &taion, and the ester yield was 67% and 65%,aesgely.
The results show that Epresents higher catalytic activity than EG, causgthe auxiliary intercalation and
load of ZnSQ.
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Influence of water-carrying agent on ester yield

Function of water-carrying agent is to increaseyiedd of ester through formation of azeotrope with
water, which is in favor of the separation of watgyclohexane was added with a mass of 2 wt % tal to
reactants mass, a yield of about 67% obtained, twhad no improve in ester yield. The boiling podrft
azeotrope, composed 8.4% water and 91.6% cyclobei@B8.95 °C. Too low temperature decreasesiogact
rate, and at the same time, the added cyclohexamumes a large amount of heat energy during ldigtih
and separation of product. When the mole ratio(@oamyl alcohol) :n(oxalic acid) kept as 2.8: 1.0, the
superfluous butanol played the role of water-cagyagent. So no additional dehydrolyzing agentisded.

Feasible condition to prepar e diisoamyl oxalate with EGz,, as catalyst

Base on the above experiments, the feasible conditto get diisoamyl oxalate are described as:
n(isoamyl alcohol) n(oxalic acid) is controlled as 2.8: 1.0, mas&&f,, kept as 7.8 % of total reactants mass,
and reaction kept at boiling point until no wateparated. Yield of diisoamyl oxalate reach 67%.

Study of recycling rate of EGz,

The recycling experiment of EGindicates that this catalyst possesses high #yalilfter reused for
four times, the ester yield still can reach 63%t Bsuddenly decreases to 10% used in the fiftretiThe
result is caused by the change of;E€dge structure and increasing the mass transfistance between solid-
liquor phases, which leads to a lower catalytiévigtin a limited time. It is worthy to note th#te expanded
volume of EG, has no obvious change, still keeps as 500 mL/gesSerification reaction can not change the
expanding capacity of E£ it can be used as sealing and adsorbing masersequently.

Conclusions

EG;, can be prepared according to the mass ratio C:KMHYS0O,(98%): Zn SQ of 1:0.35:5.0:0.4,
H,SOy, is diluted to 80 wt %and intercalating reaction lasts 40 min at 30°€ eikkpanded volume is 500 mL/g
when expanded at 930 °C. EGhows catalysis activity for esterification of asoyl alcohol and oxalic acid,
and the feasible conditions should be controllednésoamyl alcoholn(oxalic acid) kept 2.8:1.0, weight of
EG;, controlled as 7.4 wt % of total reactants massl, @action kept at boiling point. Yield of diisoamy
oxalate is 67%. As a catalyst of esterification zE@esents high stability, easy decentralization sayphration
in and after the reaction, and it needs smalleemalio of isoamyl alcohol to oxalic acid and shoreaction
time.
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