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ABSTRACT

Under the condition of high pressure reactor simulating oil reservoirs thermal recovery, with the catalyst of self-
made organic oil-soluble salt, with the hydrogen donor of formic acid, the study of catalytic aquathermolysis of
heavy oil has been carried out. The effects of adding hydrogen donor on the viscosity, group composition and sulfur
content of heavy oil have been investigated and the thermal conversion behavior of the asphaltene of heavy oil have
been analyzed by the method of TG-DTA analysis before and after the catalytic aquathermolysis reaction. It turns
out that, with the increase of the mass fraction of hydrogen donor, the viscosity reduction ratio, the contents of
saturated hydrocarbons and aromatic hydrocarbons are going up while the contents of resin and asphaltenes are
reducing after the hydrogen donor catalytic aquathermolysis reaction. Then under the combined effect of catalysts
and hydrogen donor, the amount of carbon and sulfur dropped, the amount of hydrogen increased, so the proportion
of H/C atomic number becomes higher. According to the TG-DTA curve of asphaltenes in the heavy ail, the weight
loss of asphaltenes in the heavy oil after the hydrogen donor catalytic aquathermolysis reaction is higher than that
of before the reaction, which means the stability of the asphaltene in heavy oil has been weakened after the
hydrogen donor catalytic aquathermolysis reaction.
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INTRODUCTION

With the increasing demand and the continuous éspion of oil in China, the oilfield exploitatiohas is in a later
period, the crude oil reserves which have goodityuahd are easy to exploit have been in shortagieally are
seriously in short supply, so the trend is cleat the oil is becoming heavier than ever. At prestéw recovery
efficiency of most of the oil recovery is lower th&0% and most of the domestic oil exploratiomishie second or
third stage, which makes the heavy crude oil a majploitation target. As it is called heavy oildaasphalt
internationally, heavy oil has two features-highntemt in resin with asphaltene and low amount ofx.wa
Consequently, its oil viscosity is high and is idifiit to flow, so it is hard and unable to be exXgd in a long time
in the past. In China, the content of resin in lyeaiVis as high as 20%~40%, while that of asphmaeis relatively
lower,with only 0~5% in general. Therefore, heauyiro China has higher oil viscosity and lower téla density
than that abrod. Due to the high oil viscosity and the poor fltygithe heavy oil even can not flow under the
condition of reservoir, only a small amount of cén be exploited with conventional technology. Sis iof great
significance to investigate pertinent EOR methddesearchers all over the world have started sorewam
researches on improving the heavy oil exploitationluding steam floodirig, steam stimulatidfl, steam-assisted
gravity drivé", conventional in-situ combustiBh Toe-to-Heel Air Injection proce$s and process of
aquathermolysis and downhole catalytic upgraéfiign which steam stimulation and steam flooding thee most
widely used methods in the world currently. Thowgglund efficiency has witnessed the common heayythaly
have limited efficiency of exploitation for the extheavy oil. Inspired by the catalytic crackingheology applied
in petrochemical production, researchers proposeditiuathermolysis method to reduce the visco$ibeavy oil.
By injecting proper catalysts, hydrogen donors atiter additives with the steam to the heavy oig Heavy
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component of heavy oil is in the process of caialgtacking under the hydrothermal condition, se ¥iscosity of
the oil is reduced and it is easier to be exploited

Aquathermolysis refers to the chemical interactionurred through the contact with hot water whilnivapor or
liquid form or vapor-liquid two-phase coexisten@en, resulting in pyrolysis of some components.Adarg to
Hynd®, the most critical step in the aquathermolysifi@dvy oil is the hydrolysis of sulfide bond in suéfs and
thiophenes. The break of C-S bond in sulfides veliuce the amount of molecule with higher molecaad
decrease the content of asphaltene so that thesiigoof heavy oil decreases. After adding a newowamh of
transition metal catalyst and hydrogen donor to g$lgetem, the conversion rate of aquathermolysisticra
inicreases tremendously.

EXPERIMENTAL SECTION

1 Laboratory Instruments and Drugs. Instruments:

CWYF-1 high temperature and high pressure reactor witthgt magneto (Haian Huada Petroleum Instrument
Factory, Jiangsu), HAAKE VT550 of Germany, Diamor@/DTA (PerkinElmer Company, Amercia), and WAY-
2S Abbe Refractometer, etc.

Drugs: Formic acid, hexane, toluene, organic atitkel sulphate and sodium hydroxide are of anzdytjrade, as
well as silica gel, neutral alumina (100-200 mesty,

2 Catalyst Preparation.

Add a certain percentage of organic acids and idlikgior that are required by the reaction to sKlavith three
necks and mix them intensively, then heat the flgsko 60~63_, with reaction time 2~3h. Then add the nickel salt
into the saponified liquor drop by drop, and stag blender at temperature 90~<9%and dropping time 1~1.5h.
After dropping finished, two more hours is needetbbe stopping the reaction. Then it is to be wedhewater for
2~3 times before separating the aqueous phase rgadio phase by a separating funnel. Having elitethahe
water layer, the organic phase is to be distilldehydrated and sedimentated, now here comes tldystat
According to WAY-2S Abbe Refractometer, the detered refractive index isg?®“=1.4737. The catalyst is a kind
of transparent viscous green liquid which is inbtduin water and soluble in alcohol, ether, benzané other
organic solvents.

3 Experimental Methods.

Weigh a certain amount of heavy oil, add it at & dil-water ratio to 300mL of intermittent high-tperature and
high pressure autoclave and add oil-soluble catalgad a certain amount of hydrogen donors. Belfieaing,
inject N, to the autoclave and keep the pressure betweeBMR4 till the reactor temperature rises to 80 with
reaction time 24h. After the reaction, cool it dotenroom temperature, the oil sample is collected férther
analysis.

4 Analytical Methods.

Group components in crude oil are tested in accmelavith SY/T5119-1995 relevant regulations, wisilica gel
and aluminium oxide are taken as adsorbents. Foatialysis of carbon and hydrogen content, NatiGtahdard
GB/T19143-2003 method is used and oxygen is telsyedxygen analyzer. According to the National Stadd
GB/T 387-1990, the content of carbon is inspectgdube oven process. The content of nitrogen isutaled by
subtraction method.HAKKE VT550 viscometer is usedtést the viscosity of the oil. By the Pyris Diamdo
TG/DTA, the thermal properties of asphaltene befanel after the hydrogen donor catalytic aquatheysi®l
reaction are tested.

RESULTSAND DISCUSSION

1 The Viscosity Change before and after Adding légeén Donor Catalytic Aquathermolysis Reaction. Reac
temperature is 280, the reaction duration is 24h, the mass ratio ibtcowater is 4:1, and the added mass of
catalyst is 0.1% of that of the heavy oil, then &gdrogen donors with varied mass fraction. Dehidthe heavy
oil after it completes the hydrogen donor catalyiguathermolysis reaction, and the determined sigcas
indicated in Table 1.

In Table 1, it is easy to see that as other camtiitremain unchanged, when the mass fraction cddbded hydrogen

donors increases, the heavy oil viscosity reduataia gradually rose after catalytic aquathermslysaction, and
reaches 87.02% when the mass fraction of the algldrdgen donor is 7%.
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Tablel.The viscosity change of heavy oil before and after the hydrogen donor catalytic aquather molysisreaction

Mass fraction of hydrogen 1o Viscosity before the w Viscosity after the Aw Viscosity reduction
doner/% reaction/mPa-s reaction/mPa-s ratio/%
0 1312 64.69
1 1146 69.16
3 3716 1050 71.74
5 870 76.58
7 482 87.02

2 The Content Changes of Group Composition anduBitf Heavy Oil before and after the Hydrogen Donor
Catalytic Aquathermolysis Reaction. On the basislmfomatography analysis of group composition, gheup
composition of heavy oil (SARA components) befone after the adding hydrogen donor catalytic aceratolysis
reaction is analyzed and the experimental resuévisaled in Table 2.

Table2.Thetest result of group components before and after the heavy ail catalytic aguather molysisreaction by adding hydr ogen donor
with different massfraction

Items . . Adding hydrogen donor
. Original heavy oil
Mass fraction of hydrogen donor/% 0 1 3 5 7
Saturated hydrocarbons  24.32 26.127.3729.080.5131.12
SARA after reaction Aromatic hydrocarbons  36.89 38.089.6810.1240.8911.26
| % Resin 30.27 28.2726.225.7824.524.12
Asphaltene 8.52 7.53 6.66 5.08 4.06 3.50

As shown in Table 2, the mass fraction of saturhtggttocarbon and aromatic hydrocarbon increaséasarmount
of the mass fraction of hydrogen donors increalsatthat of resin and asphaltene declines. Aftelirayicatalyst,
the contents of saturated hydrocarbon and arorhgtioocarbon increase from the previous 24.32% #8356 to
26.12% and 38.08% respectively after the aquathigmisoreaction. Compared with the heavy oil sanfydéore the
reaction, the contents of resin and asphalteneceetdy 2% and 0.99% respectively. After adding hgdrodonors
with different mass fraction to the catalytic aduetnolysis, the contents of saturated hydrocarbwhaomatic
hydrocarbon in heavy oil increase, and that ofrr@sid asphaltene have a clear decline. Comparédthétheavy
oil sample before the reaction, when the hydrogemod is added at 7% mass fraction, the contentsatfrated
hydrocarbon and aromatic hydrocarbon increase hy#2%6 and 38.08% respectively, and that of resin and
asphaltene reduce by 6.15% and 5.02%. It impliaswlith the hydrogen donor catalytic aquathermslysaction,
the light group composition becomes higher whilat thf heavy composition becomes lower. At the séime, it
indicates that some parts of naphthenic hydrocahawe aromatized into aromatic hydrocarbon in treegss of
hydrogen donor catalytic aquathermolysis reacfidre hydrocarbons produced by the broken of a Idkyg ahain
which is condensed on the aromatic hydrocarbohémitolecular structure of resin and asphaltene awamhbith the
broken of alkyl group that connects two aromatiddogarbons or between one aromatic hydrocarbonozed
naphthenic ring system, results in the reductiorresfin and asphaltene contents but the increasarashatic
hydrocarbon content. It is also the main reasothefviscosity reduction of heavy oil after the hygken donor
catalytic aquathermolysis reaction.

The fact can be testified by comparing the TG-DTukve of the asphaltene after 28Chydrogen donor catalytic
aquathermolysis reaction with that of original dil. accordance with Figure 2, the weight loss tesufrom the
asphaltene in heavy oil after the hydrogen dondalgiac aquathermolysis reaction, the asphalten®rbethe
hydrogen donor catalytic aquathermolysis reactiomére heat-resistant.

3 The Change of Elements Contents before and #feeHydrogen Donor Catalytic Aquathermolysis Reacti
Following the optimal condition determined by thedtogen donor catalytic aquathermolysis reactiba,reaction
temperature is 280, the reaction duration is 24h, the mass ratio ibtcowater is 4:1, and the added mass of
catalyst is 0.1% of that of the heavy oil. The loghn donor catalytic aquathermolysis reaction afvieoil is
conducted when the added amount of hydrogen damori¢ acid is 7%. In accordance with the Analytib&thod

of Elements, the elements of content in heavy efbte and after the hydrogen donor catalytic acgratblysis
reaction are studied, and the result is reveal@dbie 3.

Table 3.Analysis of elements content in heavy oil before and after the hydrogen donor catalytic aquather molysisreaction

Item C(wt%) | H(wt%)| Swit%)| OWt%) N(Wwt%) H/C (atomiatio)
Before the aquathermolysis reaction 85.78 11.62 659.5 1.61 0.425 1.63
Catalytic aquathermolysis reaction 85.08 13.36 ®.33 0.86 0.414 1.89
Hydrogen donor catalytic aquathermolysis reactjon 4.98 13.78 0.074 0.8 0.406 1.95
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The experimental result of Table 3 reveals thateartie function of the catalysts and the hydrogenod, the
elements composition of heavy oil have been charsjgmificantly--- mainly after the reaction, thed®@ntent in
heavy oil gets lower, H contents increase, H/C aammber ratio is higher and the ratio of hetesoatontaining
to C is lower. Some chemical changes in heavy isiilidtes are also visible, as the added catalyst hydrogen
donor lead to the broken-down of the lateral chaihaliphatic alkane and some weak bonds, whichasnaome
lighter and smaller hydrocarbon molecules becoredltlid phase. The higher H/C atomic number regia symbol
of the improved quality of the heavy oil, because tontent of sulfur is reduced in heavy oil witlorm light
hydrogen components. Compared with the conditidorbethe hydrogen donor catalytic aquathermolyséction,
sulfur in heavy oil drops by 0.262%, and the reducbf sulfur atom is more obvious. All the saidpes the fact
that under the coactions of the catalysts and gtrdgen donor, the heavy oil has a hydrogen doadalytic
aquathermolysis reaction which causes the chandgbkeoheavy oil structure, leading to a reductiorheavy oil
viscosity and the improvement of heavy oil quality.

4 The Change of Thermal Property of Heavy Oil Adime before and after the Catalytic Aquathermslysi
Reaction. The reaction temperature is 28€he reaction duration is 24h, the (mass) ratioibfo water is 4:1, and
the added mass of catalyst is 0.1% of that of v oil. Dehydrate the heavy oil after it compdetee catalytic
aquathermolysis reaction and extract asphalteme fhe heavy oil to conduct the thermal analysis.
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Fig. 1 Analysisof the asphaltene Fig. 2 Analysis of the asphaltene
TG-DTA in heavy oil before and after TG-DTA in heavy ail before and after the
the catalytic aquather molysisreaction hydrogen donor catalytic aquather molysisreaction

The TG-DTA curves of the asphaltene in heavy dibland after the catalytic aquathermolysis reactire shown
in Figure 1. As expressed in the TG curve in Figuréhe TG curves of asphaltene before and afeercétalytic
aquathermolysis reaction are typically smooth tlermeightlessness curves which remain relativedyplst when
the temperature is lower than 260and no great change of weightlessness has bead.f@ompared with the TG
curves before the reaction, when it exceeds’@6@he ones of asphaltene in heavy oil after thealgét
aquathermolysis reaction have moved into the lomperature area. After it reaches %50the weight remains
unchanged, and the amount of weightlessness oéghbaltene in heavy oil after the catalytic aquatiodysis
reaction is clearly higher than that before thectiea.In contrast, the DTA curves reveal that thsrea broad
endothermic peak in the low temperature area WB®i(3 and a narrow endothermic peak in the high temperat
area with 47@, which are taken as two reaction areas accordiriget curves of the asphaltene in heavy oil before
the aquathermolysis reaction,. After adding catatysl the aquathermolysis reaction, the absorgieak in the
high temperature area of the asphaltene in hedwbeoomes less obvious.

5 The Change of Thermal Property of AsphaltenédhenHeavy Oil before and after the Hydrogen Donadialytic
Aquathermolysis Reaction. The reaction temperaI280C, the reaction duration is 24h, the (mass) ratioibfo
water is 4:1, the added mass of catalyst is 0. i.#had of the heavy oil, and the added hydrogerod@ 7% of that
of the heavy oil. Dehydrate the heavy oil aftecampletes the hydrogen donor catalytic aquathersioeaction
and extract asphaltene to conduct the thermal sisadg shown in Figure 2.

According to the Figure 2, the TG analysis curviethe asphaltene in heavy oil before and aftehtygrogen donor
catalytic aguathermolysis reaction remain relagivehble when the temperature is lower than’@6nhd no great
change of weightlessness has been found. Compattethe TG curves before the reaction, when it egse260C,
the ones of asphaltene in heavy oil after the giitahquathermolysis reaction has moved into the tiemperature
area. After it reaches 580, the weight remains unchanged, and the amountegfhilessness of the asphaltene in
heavy oil after the catalytic aquathermolysis rieacis higher than that before the reaction.In casit the DTA
curves, before and after the hydrogen donor catabdquathermolysis reaction, reveal that before dalytic
aguathermolysis reaction there is a broad endotibgreak in the low temperature area and a narraotbermic
peak in the high temperature area, which are talsetwo reaction areas. After adding catalyst aedhiydrogen
donor, the absorption peak in the low temperaturdation area of the asphaltene DTA curves disappater the
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aquathermolysis reaction.With regard to the abamadyais, the stability of the asphaltene in thevigezl has been
reduced after going through hydrogen donor catalgtjuathermolysis reaction. The phenomenon meanstta
structure of asphaltene is a possible factor beghttcomposition of asphaltene in the heavy oil.

CONCLUSION

Steam injection is one of the enhanced measurasifagcovery. The transition of the process togethith the spot
evaporation and the reduction of asphaltene qyamiitke the oil lighter.

Adding formic acid as hydrogen donor has improvied viscosity of heavy oil. Compared with the caialy
aquathermolysis reaction without formic acid as rbgen donor, the viscosity reduction rate of thaweoil
increases by 22.33% when the mass fraction of lggiraonor is 7%.

After the catalytic aquathermolysis reaction of tleavy oil with hydrogen donor formic acids of diént mass
fractions, the amount of saturated hydrocarbonstl@dromatic hydrocarbons is higher while thathef resin and
asphaltene gets lower. Compared with the heavysaihples before the reaction, the volume of sadrat
hydrocarbons and the aromatic hydrocarbons hasdsed by 6.8% and 4.37% respectively adding theogd
donor with 7% mass fraction, while that of the nemnd asphaltene has dropped by 6.15% and 5.02%.

TG-DTA method implies that the structure and conitpms of asphaltene in the heavy oil have been ghdmafter
the hydrogen donor catalytic aquathermolysis reactand the thermal stability of the asphaltenéherheavy oil
has been weakened after the reaction.
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