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ABSTRACT

The recycling of SF¢ molecular sieve adsorbent used in high-voltage electrical equipment has favorable economic,
social and environmental benefitsin power sector. In this study, the methods for regeneration of SF¢ molecular sieve
adsorbent were analyzed, proposing that heat treatment is the most economic and effective method, and the
regenerating principles were illustrated. Moreover, experiment on heat treatment was made, by combining with
infrared spectroscopy to analyze the change of content of the harmful elements in adsorbents, focusing on
determination of the temperature and duration of regeneration by heat treatment of S~ molecular sieve adsorbent
and conducting adsorption isothermal curve test and verification to confirm the desorption capacity of the recycled
SF¢ molecular sieve adsorbent. The experiment shows that for the KDHF-03-type molecular sieve adsorbent, which
undergone heat treatment at temperature of 200°C below for 2 hours, 50%-60% of the harmful decomposed
gaseous products was removed, and its adsorption capacity was restored to 60% of the original.
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INTRODUCTION

Sk molecular sieve adsorbent has been used widelgnmoving the decomposition products in GIS eledtrica
equipment to ensure the safe and stable oper&Rrcan be decomposed under arc or abnormal partehaige,
producing poisonous and harmful decomposition géd€s SQ, H,S, Sk, SOR, SOF, SOF, S;F;0, etc.) that erode
internal metal elements of equipment and pose dartmagquipment performance and personal safety/ith the
expansion of scale of electrical power system, ¢basumption of SF6 molecular sieve adsorbent han be
increasing, and every year a large amount gfnSHecular sieve adsorbent used has been releasbe ipower
facility maintenance. Thus, the recycling and regation of of SEmolecular sieve adsorbent becomes more and
more important.

In general, the released SRolecular sieve adsorbent is soaked in alkalingeins of hours and then buried deeply .
This way of treatment is duration and energy corisgmand cannot remove the poisonous and hazardous
substances completely, thus causing environmentaltipn. Adsorbent regeneration is an effectiveyv@a resolve

this problem, it refers to a physical or chemicalgess that realizes separation or decompositicadsdrbates on

the surface of absorbent without destroying theioal structure of adsorbent, and then recoversatteorptive
property and makes the adsorbent reusable [2].eGilyr the thermal, chemical, biological, microwanagliation

and solvent regeneration methods are commonly Bleemical regeneration can be classified into vwédation

and Fenton combustion, etc., the former has a higdtiirement in equipment while the later can poeda good
effect only when the adsorbate can be mineraliBaaogical regeneration is time-consuming and aaypplicable to

the organic adsorbates that can easily be biolthgidacomposed and that have reversible adsor@ti@hare easy
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for desorption. Therefore, this method has its dimitations. Microwave radiation is a new-type ofrgeration
which has been studied widely but used less intjgacSolvent regeneration has a low efficiencyd &ncannot
completely remove the pollutants but transfer th&hermal regeneration enjoys a higher rate of reggion but
lower adsorbate selectivity.  In this study, tleattreatment regeneration of®fiolecular sieve adsorbent was
adopted in experimental research, to determineofttémal regeneration temperature and duration ef hikat
treatment with thermal gravimetric analysis (TGA)daFourier infrared spectroscopic analysis; to fyethe
regeneration effect through the isothermal adsonpist. It is relatively economically appropri&teadopt the heat
treatment because of lower price ofs&#®lecular sieve adsorbent. Heat treatment regdorraf Sk molecular
sieve adsorbent is featured by low investment, ggsing and operating costs, better recycling effect high
security, and has the possibility of recycling aedsing molecular sieve and adsorbent and realthi@gnergy and
time efficiency.

EXPERIMENT SECTION

2.1 Principle of heat treatment

Activated aluminum oxide and molecular sieve aee ¢bmmonly used adsorbents. At present, as a nesvapd
efficient Sk adsorbent, KDHF-03 type adsorbent has been ugethtist widely in Sgelectrical equipment. It can
effectively absorb low fluorine compound, acidoitdlamoisture, and has especially stronger performamSOR,
SO,F, and $Fo adsorption. Essentially, it realizes heat treatrtiough indirect heating and raising temperatare
enhance the vibrational energy of adsorbate maecund change the adsorption equilibrium relatigmsthus
realizing the desorption of adsorbate from adsdrbethermal decomposition. During the processegzdthireatment,
adsorption potential energy and adsorption heainamved.

Absorption potential energy means that adsorberiecutar present electric neutrality because of dt@m or
atomic group with opposite charges that constitilite adsorbent molecular structure. However, becaise
non-restriction by an outer layer of atom with ogip® charge, the atomic layer in the outermosthefadsorbent
shows electrical imbalances, making the adsorbah¢cular tend to seize other external moleculelaiance its
own electrical property. During the process of Hesdtment, desorption coefficient of the adsorlimtgetermined
by the absorption potential energy, agg the absorption potential energy of the adsorltatk sinder saturation

pressure is [3]:

~p=-0G="Vdp = RT|n%0 (D

Wherein, AG stands for the free energy changp, the saturation pressurep the adsorbent pressure at
certaing, V the molar volume,R the molar gas constant anfithe temperature.

Adsorption heat refers to heat effect in the adsmmpprocess. During the process of adsorption,vitlecity of
molecular movement slows down greatly and consdtugives off heat when the gas molecules mové¢osolid
surface. The degree of adsorbability can be meddweadsorption heat: the more adsorption heatstifomger the
adsorbability; and the coefficient of thermal depmsition can also be measured by adsorption haaa low
coverage situation, the equivalent adsorption Akt ) related to adsorbate-adsorbent interaction piaiecdan be
expressed as [4,5]:

AH =@-RT +F(T) (2)

Wherein, F(T) is originated from adsorbate molecule vibratiod &manslational energy. For monatomic classical
oscillator,F (T) =3RT/ 2.

2.2 Principlesfor test and verification of the adsor ption isothermal curve

With regard to the adsorbent and adsorbate sepaydtiis primarily important to define adsorptitsothermal
curve of adsorbent, as the separation processalsated according to adsorption isothermal curad,tae effect of
temperature in adsorbent activation and regeneraaonot be ignored. As Sfecomposition gases in high-voltage
electrical equipment are the gas mixture of varisuisstances, whose equation of adsorption isotheruonee can
be deduced by the theories of adsorption poteeti@rgy and the adsorption heat, i.e. the extendedyuir
equation [6]:
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- qmiB| pi (3)

qi n
1+> Bp
=

Wherein, g denotes the adsorbing capacit,, the saturation adsorption capacitp the total pressureB the
Langmuir constant, presenting an exponential @taivith adsorption heaf) (Q =-AH ).

According to formula (3), such parameters as spesifrface area, bore volume, bore diameter caobtsned after
Sk molecular sieve adsorbent undergone heat treatrAenbrding to these parameters, the effect, rein@ta of
poisonous elements and durations of adsorptivegotppan be predicted.

2.3 Methods and General procedure

In the experiment, heat treatment was adopteddretperiment and KDHF-03-type S&dsorbent, which is the
most widely used in Sfelectrical equipment, was taken as the samplettanthree bags of adsorbents released and
recycled were divided into three groups, namelyupsoA, B and C. Each group contained several pattl@g for
each part. In addition, a fire-new sealed groupagorbent was taken as the control group (Groupvbich was
also divided into several parts and 10g for each ppecially,

Firstly, TGA was employed to determine the optitmat treatment temperature. At a certain tempezatiemical
substances absorbed inside the adsorbent can bdbdédrom the internal surface and result in cleaoigweight.
According to the temperature at which the weighs whanged and the rate of weight change, the yaoikt
adsorbing substances and the adsorbing capacityecamughly evaluated. Moreover, according to #reperatures

at which the gravimetry change was maximum, thatmnent temperatures for the three groups of adetsbe
(Groups A, B and C) can be determined, to ensue¢ $Hubstances inside the adsorbent can be removed
fundamentally.

Secondly, according to the treatment temperatusdsrhined through TGA, heat treatment of adsorberts
conducted, for Oh (with no treatment), 0.5h andRZAR infrared analysis meter was used to testttsorbents of
Groups A, B and C that undergone different peribtteatment as well as the adsorbent of Group Rn@lyze the
differences of infrared spectrograms of adsorbantergone different durations of treatment in aticamtive way.
Based on the features of infrared spectrogramseobmposed gases produced by &@i5-connector, desorption
variety and quantity obtained in different duratiasf treatment were determined, and the optimap&rature and
the corresponding durations for heat treatmentrangcling were obtained [7].At last, test and vesfion of the
adsorption isothermal curves of the three-groupidmsnts (Groups A, B and C) that received diffeduriations of
treatment and that of the adsorbent of Group D vesreducted to determine the percentage of usirg hbat
treatment method to regenerate and restore thigyaifithe released SRdsorbent. According to nitrogen adsorbing
capacities of adsorbents under different voltages,surface area, bore volumes and bore diametex$ kinds of
adsorbents were obtained[8]. There existed diffegenn surface area, bore volume and bore diarhetareen the
sealed adsorbent and the recycled adsorbent dhe tgas absorption; also differences in surfaca, drere volume
and bore diameter in spite of the same group obrbdant due to the differences of treatment duratiod gas
adsorbing capacity. When such parameters as suafaee bore volume and bore diameter of the adstylibat
received heat treatment are close to that of taeedeadsorbents, the temperature and durationaiftreatment of
adsorbents have fundamentally reached the goalsairbent recycling.

RESULTSAND DISCUSSION

3.1 Determination of the adsor bent treatment temperatures

Adsorbent treatment temperature was obtained by, Ma@#Ach is a thermal analysis technique used tosoneathe
mass-temperature relation of the sample underriigram controlled temperature, and to study thenthéstability
and elements of materials [9]. After being prehgand dried under the controlled temperature ofl@QC, the
adsorbent was grinded and sieved at 300-500 mesto@. The temperature was rosed constantly frodiCL0and
TGA was conducted on the adsorbent of each graaipréiteived treatment for Oh, 0.5h and 2h, to abf&A data
at different treatment durations. The TGA diagrashsaabsorbents in different groups were comparedwshin
Figure 1.

From the experimental results it can be seen titatsections occurred in the TGA curves of the dusus in
Groups B, C, D and turning points appeared at@0@ith smaller weight loss rates, indicating thasarption of
the gas adsorbed has been completed at200
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Fig. 1 TGA Comparison Chart of Adsorbent

below 200C, the weight loss rates of adsorbents in GroupB,AC were all bigger than that of unsealed adsdrben
indicating that in this temperature range desomptié the gas adsorbed on the adsorbents happemicgcily
showing that the hyperthermic treatment was effectio the adsorbent recycling, also, with the gsiof
temperature, the weight loss ratio of adsorbenafmecsmaller after 200, showing that after 200, improvement

of the adsorbent recycling effect was unobviousiging the treatment temperature.

3.2 Determination of the absorbent treatment durations

Chemical composition analysis was made on the hdsts of Groups A, B and C that undergone heatntieya for
the durations of Oh, 0.5h and 2h, respectively #drdadsorbent of Group D by using FTIR, to get Fo@irier
infrared spectra of the four Groups, which were paratively analyzed. Group A was taken as the el@ng
comparative analysis on the infrared spectrograih@roup A and Group D was made, as shown in Figuiécan
be seen that the adsorbent in Group A without vigiheat treatment has obvious absorption peak&&tnt,

680cm’, 569cnt, 460cm®™ 448cm'. By comparing with the infrared spectrum adsorbeave data of SFgas
decomposition products (Table 1) and taking thesuesment errors due to the drift of peak in thecpss of the
infrared spectrum analysis into consideration [2)-it was found that the absorption peaks of Gréupere the
decomposition products of temperature range ddsorpf the gas adsorbed on the adsorbents happisectly
showing that the hyperthermic treatment was efiectio the adsorbent recycling, also, with the gsiof

temperature, the weight loss ratio of adsorbenaimecsmaller after 200 , showing that after 206 , improvement
of the adsorbent recycling effect was unobviousiging the treatment temperature.

Absorbance

W Unprocessed I group }'1'\ \
\"‘. A“.__ Unprocessed A group \

I S ;1”‘
N 2o
N WY et

Wavenumbers {cm™ )
Fig.2 FTIR Comparison between Group A and D

3.3 Determination of the absorbent treatment durations
Chemical composition analysis was made on the hdsts of Groups A, B and C that undergone heatntieya for
the durations of Oh, 0.5h and 2h, respectively #medadsorbent of Group D by using FTIR, to get Foairier
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infrared spectra of the four Groups, which were paratively analyzed. Group A was taken as the el@n#
comparative analysis on the infrared spectrograin@roup A and Group D was made, as shown in Figuié can

be seen that the adsorbent in Group A without vigiheat treatment has obvious absorption peak&atnt,
680cm’, 569cnt, 460cm®™ 448cm'. By comparing with the infrared spectrum adsorbeave data of SFgas
decomposition products (Table 1) and taking thesuesment errors due to the drift of peak in thecpss of the
infrared spectrum analysis into consideration [2]-1t was found that the absorption peaks of Gréupere the
decomposition products of §hRcluding SOR, SF, SOF,, SOR, etc., and the adsorbent in Group A might have
adsorbed the decomposition products described alvdiie the extension of the treatment duration, absorption
peaks of corresponding decomposition products ascBOk and Sk disappeared and the adsorption peaks of other
decomposition products were significantly reducgthwing that in this process the chemical bondutffis based
functional groups of sulfide broke and was releasea form of desorbed gas [13]. The measured sladavs that
removal ratio of the decomposition products of Hatrgases of SfFwas about 50%-60%, indicating that under the

heat treatment condition with heating temperatur@@ C and heating duration of 2h, the SF6 decomposition
products of the adsorbents were significantly reduc

Tab.1 Infrared spectrum absor ption wave data of SFg gas decomposition products

Gas Wavenumber/cin
SOR 530,1330,1340
SO, 539,544,552
SOR, 752,829.7

SO, 1167,1360

SFK, 746

CkK 1280,1283

HF 3644

CO 2169

Sk 610,946,1270,1595,1720

3.4 Test and verification of adsorbent regeneration

Specific surface area and bore size of adsorbeiits different amounts of gas adsorption are diffiereThe
optimum treatment durations were obtained by tgdiite adsorption isotherm parameters of the adetsla the
same treatment temperature and different treatohanations, respectively [14,15]. In this study, specific surface
area, specific volume and bore diameter (Tablef M)e@adsorbents of Group A and Group D that unaleegho heat
treatment and that undergone heat treatment atC2@6r 0.5 to 12h were comparatively analyzed, figdihat

adsorption and regeneration ability of the adsarlikat received 2h heat treatment at £200has reached the
optimum, the recycled adsorptive capacity reachelia60%.

500

Specific surface area(m*/g)

6 0.5 1 1.5 2 25 3 4 6 9 12

Heat-treatment time(hour)

Fig.3 Specific Surface Area Trend of the Adsor bent
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Specific volume(cm®/g)

0 05 1 1.6 2 25 3 4 6 9 12

Heat-treatment time(hour)

Fig.4 Specific volume Trend of the Adsor bent
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Fig.5 Trend of Bore Diameter Change of the Adsor bent

Table 2 Parameters of Adsorbentsat 200 °C  at Different Heat Treatment Durations

Group A Group D
— 0.5h 2h 4h 8h 12h — 0.5h 2h 4h 8h 12h
Sffrzgc(;?gr;ace 25042 26452 27828 131828 33952 38052 166.81 171.82 186.82 206.82 246.82 290.82
Spefgr'rfg/\g)"“me 0.1857 0.1861 0.2147 0.2147 0.1861 0.1861 0.14681468. 0.1468 0.1468 0.1468 0.1468
Bore (A) 28.634 28.148 30.874 32.874 36.148 40.148 35.199 35258 37.100 39.199 44.255 40.844

However, with the extension of the heat treatmemétion, the adsorptive capacity was increasedhtdjigFigure 3,
Figure 4 and Figure 5 respectively show the trevfdhe specific surface area, bore volume, and lodmeneter
change of the adsorbent of Group A that were tceat?00C for different durations .Adsorbents of Groups Bl an
C were also tested. By analyzing the heat treatra#f@tts on the adsorbents of Groups A, B and @as found
that after heat treatment the specific surface,drese volume and bore size of the adsorbents reetigroups
followed similar trends, indicating that phenomemdmestoring adsorption capacity of the adsorb#rs received
heat treatment at 200 for 2h to up to 60% is universal.

Currently, the research on recycling and regenegatiie Skadsorbent is still relatively rare both at home and
abroad. The research of heat treatment base@®&®rbent recycling and regeneration technologpgsed in this
paper can be considered as a primary exploratighisnregard. From the perspective of experimergallts, the
technology is cost-saving and environment-friendlyd can ensure stable performance of the regéreeit Sk
adsorbent.

CONCLUSION

An experimental study of the recycling and regeti@naof Sk adsorbent by the heat treatment method was
conducted, the regeneration temperature was detedmbased on the most widely used and technoldgical
sophisticated thermal regeneration principle and\T&hd the regeneration duration was determineBTiR. Thus,

the optimum regeneration temperature and the opti@atment duration of SFadsorbent were obtained. Also, an
adsorption isotherm curve test has been done idatalthe results. The results show that through2h heat
treatment at 200, 50%-60% of the harmful decomposition gas prodoétSFK adsorbent was removed, and the
adsorption capacity could be restored to about 608#be original.

Through the experimental research on heat treatrbaséd recycling and regeneration ofs Sfésorbent, the
optimum heating temperature and treatment durdtioheat treatment of SFadsorbent were obtained, which will
be conducive to reducing the recycling energy aasttime cost on the basis of ensuring the reoydifect.
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