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ABSTRACT: FPowdered activated carbon exhausted  thiring  glycerine  bleaching
can be regenerated and reused again. Glycerine relained by lhe exhausted carbon
can be recovered before the regenvration process. Optitmum glycerine recovery
conditions were Jound lo mix, effivienctiv, 4 puris {bv weight) of wash waler
per part of exhausted carbon for holf an hour at BO-85°C. About 36% by weigli
from exhausted carbon was recovered as glyeerol by this technique.

Above 85% of the activity of the exhousted powdered activated carbon
can be restored by thermal regeneration. Hes( resulls were uvbtawied on heating
the exhausted powdered activated carbon for an hour al o lemperature of 500°C
or higher.
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INTRODUCTION

_The aim of glycerine industry is 1o recover plycerine from the lyes of lat ~phtiing
or soap production ind 1o forward 11 te the tnarket o one of 1he following laris: crude
glycerine, 80% glycerol brown colowred, dynanaie plycerme, 949-98% glycerol pale-straw
coloured, indusirial white glycerme made by bleachoy, o decolourising dynamiite plycernie
and chemically pure glycerine or pharaaccutical glycerme which s abour 99% Alycerol

and warter whitte.

The vacious processes volved in recovering concentrated glycerine from  the
lyes include treatment, evaporation, distillation and bleaching in the case ol lgh quality
requirements. in bleaching or decolourising traces of pigiments and odours lelt in the distilled '
glycerine are removed by adsorpiion on powdered activated carbon. This is accomplished
by mixing disulled glyeerine hatchwise with fine-grained activated carbon and agitateding thermn
in a closed mixing vessel at a temperature of approximately 20°C so that beth camponents
lorm a homogeneous mixture. The required guantity ol powdered activated carbon s aboot
0.1-0.9% by woeight ol plycerine required. The exhansted  powdered  activated carbon s

then separated by lilltration mva Qe press [1,2)

e exhausted puwdered activated carbon iy discarded with the glycerue retamned
in it as there is no benelit lrom it Some soap compames pay lor its discarding, wlile
others suller lrom its huge amounts which need o large area for dumping without any

present or [ulure usc.

In Lgypt, glycerine industry needs sbout 20 tons per year of powdered activated
carbon. This quantity is completely imported Irom abroad at a total cost of about 10 GOO
Egyptian pounds per ton, (prices of [988) [6]. The aun of the undertaken work is (0 inves-
tigate the regeneration of the exhausted activated carbon used in glycerine bleaching,
in order to reuse it again and hence to save part ol that imperted. At the same time

the glycerol retained within the powdered activated carbon can be restored.

Regeneration can be achieved by thermal, chenncal, hot gas, solvent,or biological methods.
Generally, methods other than theemal will not be eftecuve cnough il a mixture ol organi

chemicals has been adsorbed (3,4,!1].

Only a portion ol the sorbed materials will be removed by o given solvent, hot
gas, chemical or biological regeneration procedure. Thercfore, performance ol the carbon
will continually decrease on successive regencratrons and after few regenerations, the

carbon will have to be discarded | 5],

Thermal regencration, the specific subject ol this work, is the most versatile
of the techniques mentioned above, and because most powdered and granular carben treat-

ment systems remove a complex mixture ol organics, 1t 1y the most widely used,
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Expenmenl:;IT

Experimental work was divided mta two maia 3teps . The dirst one was (o inves-
tigate the optimwn operating conditions for plycerol recovery Trom the exhousted powdered
activated corbon. The second step was to detesrnome the Hest condhions tor the repenciabon

ol the washed exhausted activatcd carbon.

Glyceraol recovery wias peclorteed batchwise by adding o certam voluine ol
water 1o S0 gimool the exbaosted carbon cake and agitation for o cerlanm e an g« bhomed
mixing vessel immersed in a water bath. The speed of the anchor impeller was about
500 rpm. Glycerol solution was separated by liltration under reduced pressure using 1.7

um filter paper.

Filter cake obtained from washing and lillering the exhausted powdered activated
carbon was translerred to an iron crucible covered with hid and regencrated inomutfle
furnace then transferred into a deswator. The regenerated carbon” samples were taken

from the desicator and stored in tight sealed containers lor subsequent use.

Adsorption capability of the regencrated powdered activated carbon was assessed
by comparing the adsorption characteristies ol the regenerated and the genuime powdered
activated carbon with respect to the decolourization of methylene blue solution, decoloor-
izing of distilled glycerine, and udserption of acctic acid. These were perforimed according
to Japanese Industrial Standard JISK-1470[7].

Decolourization of methylene blue solution was measured colourimetrically
by rmeasuring the absorbancy on a spectrophotometer (Shimadzsu model UV-126-62, Tapan)

at a wave loogth ol 663 mimm. Adsorption capability lor acetic acid was perlormed through

back titration of the residual acetic acid against 0.1 & NaOH selution.

RESULTS AND DISCUSSION:

Results obtained Trom plyceral recavery are given an Table (1) and are iloseeanecd
in Figures | and 2 these results show the elicct ol the volume of wash water per 50
gm ol the exhausted activated carbon, operating temperature and €ontact tMe upon

the glycerol content in wash water. These resutts reveal the following:

'

a)  Glycero! recovery increases with the inerease of the volume of wash water for a
specilic contact time and operating temperatire. )

b) Glycerol recovery increases with the increase in the operating temperatuee, while
the other factors are held constant.

<) Increasing contact tiue increases the quanoty ol glyeerol revovered. The thresheld

value of contact time s about 0.5 hour.

Best resulls for plyceisd recovery were oblamed  when puxing one patl irom
the exhausted carbon with lour parts of water wt $0-85°C for hall an hour. This facilitales

the recovery of inore than 36% (by weight) ol the original exiausted rarbon as glycerol,
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Cight filter cakes obtained trom washing and littering exhausted powdered

activated carbon were therally regenvrated as given i Table 2,
The particale size lor these  amples and lor the genuine satmple were Tound
10 be below 53 po

Results o decolourizmyg ol methylene blue solution and pleaching of glycerol

by the regenerated carbon sanples are also noted in Fabk 2.

The following can be deduced Irom Tuble 2: .

1) Sample number 6 gives the best decolounizabon wction followed by samples 7,8 and
4 respectively.

2) More than 83% of the exhausted adsorption acuvity of powdered activated carbon
can be restored by thermal regencration under the operating conditions specilied
for sample 6 (heating for 1.5 hrs at 700°C),

3} Best results dor thermal repencration can be obtamned by heatmg the washed carbon

sample Jor one hour at a teperature ol 000 oe tugher,

Adsorption ol aceuc aod on satples 6 oand 4 owas assessed by determinmg the
adsorption isotherms for them and for the genuine powdered activated carbon. The resulting
adsorptoon sotherms are shown i Figad, which are compatble with those lor adsorption

on solid surfaces irom solutions [$,9,12].

This figure reveals the followmg:

11 Regencrated and genume powdered s tvated <arbon have the saime adsorption characte-
ristics.

2} At low concentrations el the adsorbate, the repenerated carbon and the genuine carbon
has almost the same adsorption capacity.

3) Differences in reactivity between the various samples appear at moderate and high
concentrations.

%) The maximum quantity of adsorbate per unit mass of adsorbent is dilferent for each
sample. For sample 6, this luniting value - which indicates that the adsorbing surluce
has bren completely saturated - s only 82% ol that Tor the genuine carbon white

for sample 4 it is only 73.3% of that lor the genuine carbon.

The resadung adsorpuon sotherms were snadvzed  with the vanous sothaenim
equations 18,9,12)- The Freundlich equabion successlully describes the ascending branch

of these isotherms only (Fig.3-b}) which is the gpencrat case for adsorplion romn solutions
L1zl
CONCLUSION

i) Powdered activated carbon exhausted in bleaching of glycerine can be regenerated

thermally. The regenerated and the genuine active carbon have the same adsorption
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2) Glycerol retained by this exhaustied varbon can be restored belore the regencration
provess. Glycerol restored represents about 36 {by weight) ol the original sampie,
3) The best operating conditions for glycerol recovery were 1o add 4 parts (by weight)
al wash water per cuch part ol the exhausted carbon cake then edtiowent wning

by a suitable agitator for hall an hour ¢t a tewperature ol L0-8y"C.

4) Best results for thermal regeneration were obtained on heauny the exhausted carbon
for ong hour at a tomperature of SU07C or higher. Above 837 ol the activilty ol

the exhausted powdered activated carbon was restored By this techmique.
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Table (1): #esults of the glycerol recovery experinients

Volumc'ul Temp.l"ti} : i Imm,{hr]_ 5
wash waterc,ml ' 2% Bhe:d I
L
GLYUERQL RECOVERED , [ gm)
33 3.82 6.7l 7.02 7.38
6 .71 7.63 .90 3.08
100 0 7
50 9.7% 10.72 10.99 11.29
33 5.37 9.71 10.37 10.59
150 60 678 10.07 10,11 10.92
’ 80 8.3 | 16.23 16.43 14.61
s i, s SN | ] ISR
33 () Y226 13,32 13.82
200 ) o 2 4 13,20 13.56 R/
30 Y68 1758 18.12 15,46
300
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Table {2): Operating, conditions {or washing and (hermald regencration of
the cxhausted powdercd activated carbon samples versus  Lheir

decelourizing power ratio.

Sample Washing process Thermal repenec- Decolourizing

No. ation process, power ratio, R
¥onl. Temp "C Time,hr Tine,hr Temnp.,"C IZ‘ Iv)2

ISR SR SRS S FERY S
| 200 80 0.3 0.5 150 0.060 | 0.065
2 200 80 0.5 1.9 350 0.068 472
3 200 80 0.5 0.5 500 0.084 | 0.080
4 200 80 0.5 1.0 500 0.801 0.823
5 200 30 U.5 .9 700 0.290 0.323
6 200 80 0.5 Y 700 0.866 | 0.871
7 100 33 0.5 .0 700 0.853 0.333
] 200 . 33 0.9 1.0 700 0.866 | 0.365

B

# R = (Decolourizing power of the sample = Decolourizing power of penune powdered
activated carbon).
Subscript (1) refers to methylene blue decolourization while subscript (2) reters

ta distilled glycerol decolourization.
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