
CHAPTER IV 

RESULTS AND DISCUSSIONS 

Procedures 

The experiments are conducted in a 250 ml. stirred batch reactor. The 

adsorbents are alumina, nickel, copper and nickel-copper adsorbents. 

Phenylarsineoxide and arsenic oxide are used as model compounds to represent 

~rg~ometa l l i c  and ionic forms of arsenic compounds. Diphenylmercury and 

mercuric chloride are used as model of organometallic and ionic form of mercury 

compounds. Toluene is used as solvent because of its high boiling point 

(maintains in liquid state) and its solubility for metal compounds. The operating 

conditions of all experiments are show in Table 4.1. After completion of each 

experiment, liquid sample and adsorbent are separated and kept to analyze for 

their characteristics. 

Experiments in this study are classified into three sections. 

1. Blank test is conducted to study adsorption of arsenic and mercury 

compounds on reactor wall. 

2. Experimental error is conducted to study the repeatability of the 

experiments at the condition choscn. 

3. Operating temperature, types of adsorbents and metal compound 

dependency are studied in section 3. 



Tables 4.1 Operating conditions of all experiments 

I I Mercury I Arsenic I 

Initial concentration 
1 

(~~111) 1 lo I 
Conlpounds 

Feed's volume (ml) 1 100 I 200 I 

1. Mercuric chloride 

2. Diphenylmercury 

1. Arsenic oxide 

2. Phenylarsine oxide 

Adsorbent weight (g) 

Results and Discussions 

Temperature (OC) 

Pressure 

Contact time (mins) 

Feed (Solvent) 

Blank test 

The experiments in this section are conducted to study stability of each 

metal compound at adsorption temperatures and to verify adsorption of metal 

compounds on reactor wall. No adsorbent is used in this test and the conditions 

are summarized in Table 4.1 except. The concentration of mercury and arsenic 

after completioi~ of the experiments are plotted with the operating temperature 

and shown in Figure 4.1 and Figure 4.2. The results show that concentration of 

mercuric chloride, arsenic oxide and phenylarsine oxides before and after the 

experiments are almost identical. It indicates that mercuric chloride, arsenic 

oxide and phenylarsine oxide are not adsorbed on the reactor wall and stable at 

operating temperature. Concentration of diphenyhnercury afrer the completion of 

1 

30,50,70 

Atmosphere 

60 

Toluene 

0.3 



experiments is decreased about 15% from the beginning. This value is u . 4  as 

initial concentration in study of adsorption of diphenylmercury in the following 

section. 

Figure 4.1 Amount of Mercury remaining using Blank test at various 

temperature 

E 5 9.4 

9.2 

9 
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Figure 4.2 Amount of Arsenic remaining using Blank test at various 

temperature 



Experi~nental Error 

Several experiments are conducted to verify the repeatability of the 

experinlents and to determine error limits over the whole ranges of the 

experiments. The experiments are operated at conditions shown in Tables 4.1. 

The adsobent used is alumir~a adsorbent. The experiment is repeated 5 times at 

the same condition. Liquid samples are analyzed for their metal content. The 

results are shown in Table 4.2 while average concentration of mercury and 

percent deviation are calculated and shown in Tables 4.3. Maximum and 

minimum deviation of experiment are calculated according to the following 

equation: 

%Maximum deviation = - *I00  

average conc. 

- . . 
%Minimum deviation = p * l O 0  

average conc. 

From analysis it is certain that the values of remaining mercury deviate in 

the range of 17% for mercuric chloride removal, 11% for diphenylmercury, 30% 

for phenylarsine oxide removal, and 60% for arsenic oxide removal. Because the 

concentration of the metal compounds in liquid sample is rather low, small 

change in concentration cause high percentage deviation. Thus percent deviation 

calculated from remaining concentration of arsenic and mercury could not be 

used. Therefor the percent deviation calculated from percent removal of arsenic 

and mercury is suggested. Table 4.4 shows average percent removal of arsenic 

and mercury. Percent deviation calculated from percent removal is in the range 

of 2% for mercuric chloride study, 4% for diphenylmercury and below 0.06% 

for arsenic oxide and phenylarsine oxide. The results show that deviation of 

percent removal of arsenic oxide and phenylarsine oxide is low and can be 

neglected. 



Table 4.2 Amount of arsenic and mercury remaining in adsorption 

repeatability study. 



Table 4.3 Avenge concentration and percent deviation of arsenic and 

mercury in adsorption repeatability study 

70 

Phenylarsine oxide 

Mercuric chloride 

Diphenylmerculy 

Arsenic oxide 

Phenylarsine oxide 

15.8 

158.5 

226.8 

1.9 

9.7 

27.9 

9.5 

6.1 

58.6 

14.2 

. 28.9 

5.6 

7.2 

57.7 

7.1 



Table 4.4 Average percent removal and percent deviation calculated from 

percent removal of arsenic and mercury in adsorption repeatability study 

Co~nparison of physical properties of adsorbent 

Nickel, copper and nickel-copper adsorbents are prepared by dry 

impregnation of nickel nitrate and copper nitrate solutions on alumina support. 

After that, the adsorbents are calcined. The metals loaded on the adsohents are 

in oxide form. Percent metal loading of nickel adsorbent and copper adsorbent 

are 2.546 by weight and total 5% by weight for nickel-copper adsorbent. All 

adsorbents are analyzed for their characteristics; surface area, pore volume, 



average pore diameter and pore size distribution by BET method. The results are 

compared with alumina support. Alumina support used was alumina activated 

neutral (Aldrich). The results are shown in Table 4.5 except data of pore size 

distribution are shown in appe~idix. 

Table 4.5 Surface area, pore volume and average pore diameter of 

alumina and fresh adsorbents. 

Comparison of surface area, pore volume and average pore diameter of 

alumina and impregnated adsorbents are shown in Figure 4.3 to Figure 4.5. The 

results show that total surface area, total pore volume and average pore diameter 

of adsorhnt decrease significantly when metal was loaded on alumina. Figure 

4.6 show the comparison of pore size distribution of each fresh a d s o h t .  It is 

obsewed that pore size between 80 A' and 250 A' is decreased while pore size 

between 20 A' and 50 A' is hcreased. The results can be explained by, metals 

loaded to adsorbent deposit on the surface area inside the pore or block the pore 

mouth cause pore to decrease in size. 

Average Pore 

Diameter (A') 

83.21 

58.32 

58.57 

59.07 

Pore Volume 

(cc/g> 

0.4539 

0.2275 

0.2467 

0.2212 

Adsorbents 

A1z0, 

Cu 

Ni 

Ni-Cu 

Surface Area 

(mZ/g) 

218.18 

156.00 

168.49 

149.8 



Figure 4.3 Comparison of total surface area between alumina and 

impregnated adsorbent. 

Pore b l u m  (cctg) 

j 8 At203 Cu . Ni CuNi I 

Figure 4.4 Comparisoll of total pore volu111e between alumina and 

impregnated adsorbent. 



1 a~1203 Cu . Ni CuNi 

Figure 4.5 Conlparison of pore average diameter between alumina and 

fresh adsorbent. 

Figure 4.6 Co~nparison of pore size distribution between alumina and 

impregnated adsorben&. 



Adsorption by alumina adsorbent 

Twelve experiments are conducted to study the adsorptivity of mercury 

and arsenic compounds on alumina adsorbent. Alumina adsorbent is neutral 

activated alumina (Aldrich). Experimental results are shown in Table 4.6 to 4.9 

except results of pore size distribution are shown in Appendix A. 

Table 4.6 shows the amount of mercuric chloride, diphenylmercury, 

arsenic oxide and arsenic oxide which remain in toluene and the amount which 

have been removed are shown in Table 4.7. Spent adsorbents are analyzed in 

order to determine the quantity of arsenic and mercury which are adsorbed. 

Table 4.8 shows the arsenic and mercury content of spent alumina adsorbent. 

Amount of arsenic and mercury on the adsorbents are shown in micrograms of 

arsenic or mercury per gram of alumina adsorbent. It is found that the amount of 

arsenic and mercury removed from liquid sample are almost equal to the amount 

of arsenic and mercury found on the adsorbents. 

Table 4.6 Amount of mercuric chloride, diphenylmercury, arsenic oxide 

and phenylmien oxide remaining in study of adsorption by alumina adsohent at 

various temperatures. 

Compounds 

Mercuric chloride 

Diphenylmemiercury 

Arsenic oxide 

Phenylarsine oxide 

30°c ( P P ~ )  

48.5 

355.7 

11.5 

44.7 

50°c ( P P ~ )  

61.2 

286.1 

9.3 

15.4 

70°c (ppb) 

156.4 

224.4 

1.8 

10.5 



Table 4.7 Amount of mercuric chloride, diphenylmercury, arsenic oxide 

and phenylarsinc oxide removed from toluene in study of adsorption by alumina 

adsorbent at various temperatures. 

Table 4.8 Amount of mercuric chloride, diphenylmercury, arsenic oxide 

and phenylarske oxide on the adsorbents in study of adsorption by alumina 

adsorbent at various temperatures. 

Compounds 

Mercuric chloride 

Diphenylmennercury 

Arsenic oxide 

Phenylarsine oxide 

30°c ( Kg 1 

82.4 

42.8 

1731 

1728 

Mercuric chloride 

Phenylarsine oxide 

50°c ( Kg 1 

81.3 

54.2 

1731 

1730 

70°c ( 1 

73.5 
! 

48.8 

1731 

1731 

4803 1441 4893 1468 4930 1479 



Table 4.9 Surface area and pore volume of spent adsorbent in study of 

arsenic and mercury removal by alumina adsorbent. 

Figure 4.7 Amount of mercuric chloride and diphenylmercury remaining 

in study of  adsorption on alumina adsorbent at various temperatures. 



Adsorption of mercury compounds on alumina a d s o h t  

Figure 4.7 shows the aliiount of mercuric chloride and diphenylmercury 

remaining in study of removal of mercury by alumina adsorbent. Percent 

removals of mercury are calculated and shown in Table 4.10. From the result of 

mercuric chloride removal, remaining concentration of mercury in liquid sample 

at each operating temperature are 49 ppb, 61  ppb and 156 ppb from initial 

concentration of 1,000 ppb with 95%, 94% and 84% removal. It is found that 

percent removal of mercuric chloride decreases with increasing temperature. 

Concentrations of diphenylmercury with operating temperatures are 356 ppb, 

284 ppb and 226 ppb, corresponding to 5846, 67% and 73% removal. Degree 

of diphenylmercury rzmoval increases with increasing temperature. The results 

also show ha t  mercuric chloride can be adsorbed by alumina adsorbent with 

higher efficiency than diphenylmercury. This indicates that properties of mercury 

compounds strongly affect the adsorption of mercury on adsorbents. 

In this study, diphenylmercury which is classified as an organo mercury 

compounds can be partially removed by adsorption on alumina adsorbent. On a 

contrary, Yamada (1995), who studied adsorption of organo mercury compound 

mentioned that mercury compounds, especially organo mercury compounds, can 

not be adsorbed on any types of adsorbents but it can be decomposed and 

converted into elementary mercury, then it is adsorbed on suitable adsorbent. In 

his study, the decomposition of mercury compounds was conducted at 

temperatures of 165 to 300'~. In this study, adsorption experiments were 

conducted at temperatures less than 7 0 ' ~  in which diphenylmercury were not 

expected to decompose. Even though, structure of mercury compound adsorbed 

on the surface of the alumina adsorbent can not be identified, it is believed that 

diphenylmercury in this study does not deco~llpose upon adsorption but it adsorbs 

directly on to alumina surface. 

Mercuric chloride, which is classified as ionic mercury compounds, can be 
' 

adsorbed on alumina adsorbent. Remy (1956) mentioned that mercuric chloride 

is different from other metal chloride. Metal chloride, when dissolves into water, 



it decomposes to metal ions and chloride ions but does not mercuric chloride. 

This is accord with other authors such as Biscarini (1971) and Gomez (1997). 

Thus mercuric chloride is directly adsorb on alumina surface. 

Mercury deposition of alumina adsorbent causes its surface area and pore 

volume to decrease. Percent decreases of surface area and pore volume of spent 

alumina adsorbent are shown in Table 4.11. It is found that percent decrease of 

surface area and pore volume of spent adsorbent in diphenylmercury removal are 

more than in mercuric chloride removal while percent removal of mercuric 

chloride is more than diphenylmercury. It indicates that alumina adsorbent show 

higher efficiency in removal of mercuric chloride than diphenylmercury. Figure 

4.8 and 4.9 show comparison of pore size distribution between fresh and spent 

alumina adsorbent in study of mercuric chloride removal and dihenylmercury 

removal respectively. From the result, there is slightly different in pore size 

distribution between fresh and spent adsorbent. Percentage of large pore decrease 

while percentage of small pore increase. The increase in the number of small 

pore is due to mercury deposition oil large pore lead to decrease in pore size. 

Table 4.10 Percent removal of mercuric chloride and diphenylmercury in 

study of adsoxption on alumina adsorbent at. various temperatures. 

Compounds 

Mercuric chloride 

Diphenylmercury 

30°c 

(%I 
95.1 

64.4 

50°c 

(%) 

93.9 

77.6 

70°c 

(46) 

84.4 

71.4 



Table 4.11 Percent decrease of surface area and pore volume of spent 

alumina adsorbent in study of adsorption of mercuric chloride and 

diphenylmercury. 

Figure 4.8 Comparison of pore size distribution between fresh and spent 

alumina adsorbent in study of removal of mercuric chloride. 

Compounds 

Mercuric chloride 

Diphenylmercury 

Pore volume (46) 

30°c 

12.5 

30.0 

Surface area (96) 

30°c 

9.9 

29.6 

50°c 

22.6 

30.2 

70°c 

30.6 

26.9 

50°c 

15.1 

31.3 

70°c 

18.4 

28.9 



Figure 4.9 Comparison of pore size distribution between fresh and spent 

alumina adsorbent in study of removal of diphenylmercury. 

Table 4.12 Amount of mercury removed per gram of alumina adsorbent 

Compounds 

Mercuric chloride 

Diphenylmercury 

50°c  

(I% 4%) 

81.3 

67.2 

30°c 

(rg /g) 

82.4 

55.8 

70°c  

4) 

73.1 

61.8 



Table 4.13 Amount of mercury removed per surface area of alumina 

adsorbent 

Amount of mercury removed per gram of alumina adsorbent and amount 

of mercury per surface area of alumina adsorbent are calculated in order to study 

efficiency of adsorbent on removal of mercury compounds. Table 4.12 shows 

calculated amount of mercury removed per gram of alumina adsorbent. The 

results show that amount of mercuric chloride removed per gram of adsorbent is 

more than amount of diphenylmercury removed per gram of adsorbent. Table 

4.13 shows amount of mercury removed per surface area of alumina adsorbent. 

The amount of mercury removed per surface area of adsorbent is rather low. 

Because, initial concentration of mercury compounds in toluene is low compare 

with surface area of alumina adsorbent. In study of diphenyhnercury, both 

amount of mercury removed per gram of adsorbent and amount of mercury 

removed per surface area of adsorbent are less than in mercuric chloride study. 

Adsorption of arserric con~pounds om alumirra adsorbent 

The experimental results of arsenic oxide and phenylarsine oxide removal 

by alumina adsorbent are shown in Figure 4.10 and percent removal of arsenic 

compound are calculated and shown in Table 4.14. In the study of removal of 

arsenic oxide on alumina adsohnt ,  it is found that co~icentration of arsenic at 

operating temperature is 1 2  ppb, 9 ppb and 2 ppb from initial concentration of 

10 ppln (10,000 ppb), corresponding to 99.9%, 99.9% and 99.9% removal. 

In study of phenylarsine oxide, remaining concentration at operating temperature 

1 Con~pounds 

Mercuric chloride 

Diphenylmercury 

50°c 

( ~ g / m = >  

0.3726 

0.3079 , 

30°c 

(pg/m2) 

0.3777 

0.2577 

70°c 

( P R / ~ ~ )  

0.3348 

0.2833 



are 45 ppb, 15 ppb and 11 ppb, comsponding to 99.646, 99.846 and 99.9% 

removal. The results indicate that almost all of arsenic in feed of both studies is 

removed. In addition, it is found that percent removal of both arsenic oxide and 

phenylarsine oxide tends to increase with temperature increase. 

Figure 4.10 Amount of arsenic oxide and phenylarsine oxide remaining in 

study of adsorption on alumina adsorbent at various temperature 

Table 4.14 Percent removal of arsenic oxide and phenylarsine oxide in 

study of adsorption on alumina adsorbent at various temperatures 

Compounds 

Arsenic oxide 

Phenylnrsine oxide 

30°c 

(46) 

99.9 

99.6 

50°c 

(46) 

99.9 

99.8 

- 
70°c  

(46) 

99.9 

99.9 



Table 4.15 Percent decrease of surface area and pore volume of spent of 

alumina adsorbent in study of adsorption of arsenic oxide and phenylarsine oxide. 

Table 4.15 show calculared percent decrease of surface area and pore 

volume of spent alumina adsorbent. The results show that percent decrease of 

both surface and pore volume of arsenic oxide are more than that of phenylarsine 

oxide. Decrease in surface area and pore volume result from deposition of 

arsenic on the adsorbent. Figure 4.11 to 4.12 show the pore size distribution of 

fresh and spent alumina adsorbent in study of arsenic oxide and phenylarsine 

oxide removal. It is found that there is slight decrease in pore size between 240 

A and 120 A in b t h  studies. 

Table 4.16 Amount of arsenic removed per gram of alumina a d s o h t  

Compounds 

Amnic oxide 

Phenylarsine oxide 

Pore volwi~e ($6) 

30'~ 

19.8 

17.7 

Surface area (96) 

Compounds 

Arsenic oxide 

Phenylsrsi~w oxide 

30°c 

18.8 

11.8 

50'~ 

24.7 

30'~ 

( P R / R )  

5770 

5760 

50'~ 

23.2 

13.3 

70'~ 

8.8 

70'~ 

12.7 

11.0 17.4 / 16.3 ! 

50°c 

( P R I R )  

5770 

5769 

70'~ 

( W g )  

5773 

5770 



Figure 4.11 Comparison of pore size distribution between fresh and spent 

alumina adsorbent in study of removal of arsenic oxide. 

Figure 4 .12 Comparison of pore size distribution between fresh and spent 

alumina adsorbent in study of removal of phenylarsine oxide. 



Table 4.17Amount of arsenic removed per surface area of alumina 

adsorbent 

Amount of arsenic removed per gram of adsorbent and amount and 

amount of arsenic removed per surface area of adsorbent are calculated and 

shown in Table 4.16 o 4.17 Both amount of arsenic removed per gram of 

adsorbent and amount of arsenic removed per surface area of adsorbent in arsenic 

oxide and phenylarsine oxide removal by alumina adsorbent are much more than 

those of mercuric chloride and diphenylmercury removal. Thus it can be 

concliidcd that alumina can remove arsenic compounds with bigher efficiency 

than remove mercury compounds. 

7 

70°c 

(rg/m'> 

26.5 

26.5 

Compounds 

Arsenic oxide 

Phenylarsine oxide 

30°c 

(rs/mS> 

26.5 

26.4 

50°c 

0Is/m2) 

26.5 

26.4 



Adsorption by copper adsorbent 

Removal of arsenic and mercury compounds by copper adsoIt#lt arc 

studied in this section. Copper adsorbent is prepared by dty L n p n m o n  of 

copper on alumina. Metal content of wpper is 2.5wt%. Experimental rtsults arc 

shown in Table 4.18 to 4.21. 

Table 4.18 shows the amount of mmrrric chloride, diphcnyhamny, 

arsenic oxide and phenylarsine oxide which remain in tolutne and the ~ m 0 m t  

w h i i  have been nmoved- arc show in- Table 4.19. Spent adsorhts arc 

analyzed in order to &mine the quantity of arsenic and mercury which arc 

adsorbad. Table 4.20- shows ttme imuk and mercury content of speat alumina 

&dsobt. It is found that the amount of arsenic and mcrauy removed fmm 

~samptearealmostsqaaltotheamormtofarsenicandmercuryfdqthe 

iuknbcnts. 

Table 4.18 Amolmtof nmwrkddoridc, diphcnyImcmq, arsmic oxide 

and phenyhai i  oxide remaining in the study of admption on copper adsorht 

atvationsbcmperatures 

Mercuric chloride 

Diphenylmermercluy 

Arsenic oxide 

Phenylmine oxide 

50°c (ppb) 

89.2 

413 

42.4 

12.2 

30°c (ppb) 

76.7 

633 

36.1 

20.5 

70°c (ppb) 

110.7 

312 

15.2 

8.5 



Table 4.19 Amount of mercuric chloride, d i y h c m u y ,  arsmio oxide 

and phcnylarsien oxidc nemoved fnnn toinme in the study of adsorptio9 on 

m p p r  adsohalt at various ~~ 

Table 4.20 Amount of mercuric chloride, d i p h m y l m ~ ,  arsenic oxide 

and~phtnyhsinc ox& om the adwrbcnrs m study of adwrption.by m p p r  

adsoltrcnt at vatiou8 tcapmmm 

70°c ( pg ) 

77.0 

49.2 

1730 

1731 

50°c ( pg ) 

78.9 

59.6 

1728 

1730 

~ p o Y n d 5  

Memuic chloride 

Diphenylmewrcury 

A~ncnic oxide 

Pbnyllasins oxide 

Phenylarsim oxide 

30°c ( pg ) 

80.0 

31.7 

1728 

1730 

4803 1441 4893 1468 4930 1479 



Table 4.21 Surf- area and pore volume spent adsorbent in study of 

arsenicandmacuryremovalbycogper~t .  

Adsorption of mercury compounds on copper adsorbent 

me~&af-adsorpbionofmercuryoncappaadsoltmtan 

shown in rlgun 4.13. Portent removals of -ury arecalculated and shown in 

Tabb 4.2%. The resnlts Strow that aOncentrati011 of mercury at opaating 

tempcmlwc in study of mercuric chloride arc deaeasd to 76 ppb, 89 ppb and 

110 ppb, cmqmding w 9296, 9196 and 89% removal. Thc a- 

slightly hcmms when tcmptraburt of -on increases. In study of 

diphary~condenb.atinrofmucmyandacreasedto633ppb, 431,ppb 

and 312 ppb, comsponding to 3796, 69% and 57% rtmoval. It i n d i m  that 

concentration of d- i s  decrease with tmpcmm hmqscs. 

Comparison betww comxntration of mercury in this d o n  and in the 

adsorption on alumina &.on found that remaining concentration of m a m y  in 

adsorption on copper a d s o h t  is more than in adsorption of alumina adsorbent. 

As describe in adsorption of dtnnina adsorbart section mercuric chlorkle and 

dipha~yhnucury d i i y  edsorb on to copptr surf-. 

Percent decrease of total surface area and total pore volume spent copper 

adsorbents are shown in Table 4.23. The results show that perant d&rease of 





Table 4.23 Percent dccreasc of surfax area and pore volume of spnt 

copper admkmt in s ! d y o f ~ m : o f . d  chlode ead diphcnylmaaay 

70°c 

(%I 
88.9 

56.8 

50°c 

(96) 

91.1 

68.8 

-m 
Memuic chloride 

Diphrn-rnr~ 

F i  4.14 Comparison of pore size & i o n  between fresh and spent 

wppcr adsolt#lt in study of rempval of maarriE chloride 

30°c 

(%I 
92.3 

36.7 

Cornpounds 

M e d c  chtolide 

D i p b f = - ~  

Po= volume (96) SWface erea (96) 

70°c 

13.4 

19.1 

30°c 

10 

26 

50°c 

13.6 

35.8 

70°c 

13.7 

18.6 

30°c 

8.4 

27.2 

60°c 

13.6 

41.8 



Figure 4.15 Conparison of pore size diibution between fmh and spent 

copper admbcnt in study.& rcllwal of diphenylmucury 

Table 4.24 Amount of mmury romove-d per gram of copper adsot6ent 

70°c 

(Pug) 

77.0 

49.2 

60°c 

(PUB) 

78.9 

59.5 

'-v- 

MeWc chloride 

Diphenylmmwy 

30°c 

(M/B) 

80.0 

31.7 



Amount of maaery removed per gram of adsorbent and amouat of 

mcxcq pr suifacc-m aE sdooxtmt--an c d d a t d  and shown in Table 4.24 

a a d T a b I s 4 . 2 6 ~ v e l y .  C h m p h a C o m p a r i s o n ~ 8 n d a l u m i n a ~  

~ t h a t a m a m t a f ~ ~ e & p c r s t I E E a o e a n a o f ~ a d s o l b e p t i n  

s tudyofmeraaic~isabcut  1.5timesth~a1nountofmmwyrcmovedper 

ePdaxertaofalllmimsbsolllcnt ' f h i g ~ t h a t c q r p a a d s o r b e a t c a n  

~ ~ m j r e t h o o a h r m i n a a d s o r k n t i f t h a y h a v e ~ a D t a l a r r f a o t  

area. In~studyafd@myhmq,~ofm~removcdpaaqfeoe 

laur of copper dsnbmt is almost cqual thc amount of mercury removed per 

sdaccareaofalumina--. This~thatbotbcopptradsorbentand 

ahrmina adsorbent show almost cqual ef f idaq in d i i y I m c m q  muoval. 

~ w o l ~ ~ ~ ~ m r o p p c r a m F I D I . b e O t  

P i  4.16 shows the result of study of arsenic oxide and phcnylarsinc 

oxidc. Because initial of arsenic is very high compamj with 

amxmtratiion in product, dtus perant m o v a l  of arsenic is &Wed from the 

mnainiag conantration. The penxnt ~movals of arsenic in study of both 

d oxide and phenylarsinc oxide are shown in Table 4.26. The experiment 

results of both arsenic oxide and phenybsi i  oxide show that the remaining 

concentnilion of ruBenic of all  cxpuirncnts ace very low and ptrcent removal is 

more than 99.6%. It shows that hmst all of arsenic in fed is removcd by 

CompMmds 

Memnic chloride 

Diphen- 

60°c 

(wmn> 

0.6066 

0.3817 

30°c 

(wm') 

0.6126 

0.2036 

70°c 

( w m Z >  

0.4937 

0.3155 



coppcradsolknt. InodditiascbenmPlMlg 
. . unlcul- of arseaic of both 

arscnic oxide and pheqrlarsineoxide is rmdcd-to decrtsse when tempaenue of 

m i n o r e a s c s .  ' I h c ~ c u p a a d s o r b c J l t i s m e a s u r r d d r e ~ ~  
of c a p p e r - a d  compoua& by X-ray (XRD). Figure 4.17 shows 

M e X R D d t o f  spentcoppetadwrbent. I t h t h t a t a r s a r i c k W ~ i t h  

copperandfarmtdtacoppa:arsmidc~&). 

Table 4.26 ~ ' r e m c r P a l  of mcdc oxide and phcnylmsh oxidc in 

study of adsorption on wppw 4dsorknt at various tern- 

conw- 

Arsenic o d e  

Phenylarsien oxide 

aooc 
(%I 
99.5 

99.8 

50°c 

(96) 

99.6 

99.9 

70°c 

(%I 
99.8 

99.9 



Tabk 4.27 Pacad decrrase of wrf8cc area and pore vo~umc of spent 

c o p p c r a d s o ~ t i n s t n d y a f ~ n o f a r s a r i c o x i d e a n d p h a r ~ o x ~  

Penraa dmeasm of srnface a m  and porc volume of fnsh and spcnt 

ataminx~show11iuTabhr~4.27. Xt- i s f~~~&thatpcrcent -hW 

wnfsosarcaandporevohrmoofspeotcapperinsadyofphcny~axidcan 

I s s t h a u k r s t u d y a f ~ o x k k  ~ ~ g o E a K f e c c  armand-gmrevdmc 

xcsnlt fmu deposit of mawry on admkmt. Hgure 4.18 to 4.19 show the 

p m ~ s i a o ~ o f . ~ ~ s p o t ~ ~  F1DPEtkFigPIC;itis 
a p p s r r n t t h a t t h e r e i s s l i g h t a i & r c n t o f ; r o r e s i r c ~ ~ f r r s h a n d  

-v. 

r 

w s  

I\lseaio oxide 

Phmylarsino oxide 

Pore volume 06) 

SOOC 

12.0 

6.13 

swf%cc aror 06) 

Compolmds 

Arsaric oxide 

Phenyldne oxide 

60°c 

(~rg/lt) 

5761 

5769 

30°c 

olg/g) 

5160 

5767 

70°c 

6.16 

4.85 

30°c 

11.5 

0.77 

50°c I 70°c 

70°c 

( I Y I / B )  

5168 

5771 

5 0 " ~  

11.3 

2.17 

10.4 

6.9 

5.5 

8.4 

J 



Figure 4.17 XRD pattern of spe~lt copper adsorbent on pharylarsine oxide study 



I 0 too 2W 3Uu 4 ~ 0  600 

*0° I 

F i  4.19 Cornparton of pore size d i i t i o n  between liesh and -1 

copper adsorbmt iri study of removal of arscnif oxide 



Table 4.29 Amormt of erseniC rrmovcd per surface area of copper 

edsarbcnt 

Amount of atxaic ranwed pa gram of adso- and amamt and 

a m o l m t o f a t s c 3 i c I E e o a v t d p e r ~ a r e a ~ ~ a r e ~ d s h o w  

in Table 4.28 to 4.39. Both amaunt of arsenic nmnnd per gram of sdsorkat 

a n d a m w a t o f a E s e a i c n e k ~ V O Q p n s v r f s o t ~ o f ~ o f ~  

compolmds ~ t m ~ v a l  on copper adsorbent are mu& higher than in study of 

rmaey--al. ThPsisca%b~~~~kdedthatcopparadsolbQlthas 

h i g b e t c f I i o i a r c y i n ~ a l o f a r s e a i c c o m p a m d s t h a n ~ d o f ~  

co lqad&  CoarpPrisDebcoapcr-sdsorbcatandalrrminendsorbjrtshow 

that amount of arzdc moved  per gam sdsorbclrt of oopptr adsarkat is almost 

equPltoa9launtofnrsadcPeevwedpcr~~tofaluminaPdsontrent.  

While ~ lamt  of arsenic lcmovod per surface area of of copper 

~ ~ r n D F s ~ t e o t c f . r d m n i a P ~ .  'Ihi9indiCIltEgteatc~pptt 

adsorlnnt show higher efficicacy in ~ a l  of arsenic owrpauds than macmy 

composmds but W mkdatts shew high t8Sckacy in nmoval of arsenic 

compounds. 

70°c 

(rs/m3 

87 

37 

50°c 

(wm') 

36.9 

37 

Compwnds 

M c  oxide 

Phenylrusins oxide 

30°c 

(w/ma> 

36.9 

37 



Athpthm by nidtd dsorbtot 

sectiinq tfie e x p z k m s  aR3 amdwml to study thc adsowbn of 

~~~~ an &loel adsorkat N i  adsorbmt used is 

2.5% loading of nickel on rvrrtcal ahrmina (-1. 
T&h 4.30 -of-- -Y-, d o *  

sad p b m y W o  o* remaining in study of adsorption on nickel adsorbent at 

-=w=-'- 

Table 4.31 Amount of mclicuric chloride, diphmykn-, ars&lic oxidc 

d p h m p l a r s i n t ~ ~ ~ t u ~ i n ~ y o f a d r o r p b i o l r m n i d c e l  

a d s o r b a d r t ~ p r i o u s ~  

70°c (ppb) 

183.3 

349 

31.3 

2.05 

50°c (ppb) 

138.4 

463 

30.5 

20.9 

C o m ~ o l ~ ~ ~  

Merauic cblodde 

m@W-'==W 

Arsenic oddc 

Phmylarain, oxide 
- 

3 0 " ~  (ppb) 

101.7 

487 

38.9 

37.3 

CompollDds 

Mncuricchloride 

dip hen^^^^ 

A d c  oxide 

h y -  oxide 

60°c(pg) 

74.6 

46.5 

1729 

1730 

30°c(pg) 

77.8 

44.4 

1728 

1729 

70°c(pg) 

70.7 

56.4 

1729 

1731 



Tabk 4.32 AmDunt of mcm& chloride, & p b q ~ ,  & oxide 

and phmybiine oxide on che adwdm@ in study of adsorption by nickel 

admtxanatvsriousarmpan~es 

Ph?nyhim oxide 4803 1441 4893 1488 4930 1479 

Tabb 4.33 S m i h  area and pore volumc of sprot nickel admixat in 

stadyofmialic 8Qd..vsczwvaLbgr*-t. 

Pharylarsii oxide 164.7 156.6 139.4 0.223 0.203 0.190 



Amount of ~useaic and mera;uy m spcM .dsosbent is dyed.  Teble 

4 . 3 1 ~ h o ~ s d r e ~ o f m e r c a r y ~ d ~ c o m r a ~ 0 n s p a r t a d s o ~ .  l k  

~showamamtofarscnl:andmaarryfoimdthcspentadsolbcmkalmost 

c q u a l r h c s m o u a t o f ~ a n d ~ n m ~ v e d ~ l i q u h l s a m p l c .  This 

means that anxcury and arscslic is adsorkd an tha adsolbart. 

~ o l m c ~ ~ p e s m 8 s e p ~ ~ ~ t  

'Lhc cxpuima mdts of d chlorida and diphmyhmcuq nmoval 

by*fndsorbentaTcShOWB-in~4.~.  ~removolso imaalryart  

calaulatcd and shown in Tabk 4.34. In the study of mercuric chloride, 

~ 0 f m e f f o r y ~ ~ i e * o t ~ ~ i s  102 

ppb, 188 ppb and 183 ppb from initial concenaation of 1,000 ppb, 

~ t a ~ 8 0 % d W - d  Conxnnatioaeferarzny 

increases when tempc~arun kmams W- 30°c to 70'~. Remainipg 

- of- coucul&&m k 4S7 iqib; 483ppb and 34Q ppb wit& 6196, 

53% and 66% d. As and ahrmina adsarbmt, m u h h g  

c 4 m a m m k i a e a f d i p l  . * ,  ~ i ~ m o r e t & r + i e s a d y o f  

maunic chbride. Ihe muIt also f d  that remaining umcad&m of macury 

~PdsozptiDnonuickdarc-evppcrbpgipsdSOEpeiOIlancopjmpdsoltxatand 

alumina adsorbent. 

Tabb..4.34 Paeeetmof-ddosidc and d i p l m y w  in 

sady of adsorgcioa an nickel adaorknt 

Canpounds 

Mcmric chloride 

D i ~ b w m r ~  

90°c 

(%I 
89.8 

51.3 

6o0c 

(%I 
86.2 

53.7 

IOOC 

(%I 
81.7 

66.1 



Table 4.35 Pcsam docrcgse of area 'and pon volume of spmt 

n i c k c 4 p l l d o r k a t i a d y ' o f ~ 0 6 . d ~ a n d d i p b e e y ~  

Table 4.35 shows p e m t  decnase of surface area and pore volume of 

fresh and spent nickel which operated a! tempaaarre 6rom ~O'C  to 7 0 ' ~ .  I he  

ns~I t s showUla t~ tdacMseso fbo th to tn larr facearcasndto ta lpore  

volume in study of diphcnykntrmry are mom &an chat of mamrk cbbride. 



F i  4.21 to 4.22 shows the pons sizre disDriknioa frtsh sad nickel 

edsarbent. lbere arc slightly cbpngts in p m  siaz disbibrtion. 

F i  4.21 C~@IXUI of pare s b  d&&uth betanea dresh and spar1 

mpdsorknt i a . * o f d & d * .  

F i  4.22 Comparison of pore size d i b  between fmh  and apcnt 

nickel adsoxbent in study of removal of d i i y h c r c u y .  



Table 4.36 Aammts of mcnwy nmoved per g r ~ m  of -1 ndsorbent 

Table 4.37 Amount of mercury removed per s&lrfact arra of nickel 

admFbe& 

Table 4.36 shows amo1111ts of mcrarry removed pa gram of adsotbmt 

aadToble4.37 S e o w s ~ o f ~ p c r ~ a r e a o f ~  Thc 

~ s b o w t h a t a m D p n t o f m c . m 1 t y r r n n n d p e r g r a m o f ~ i s a b o r r t 7 0  

pg/g adm&alt for- macurk chb;rtle d sad SOvg/g a d d l m t  for 

diphenylmacq nmoval while the amount of mtrarry removed per anface area 

of a d s o h  is rather low (below 0.5~/m'.). As previous mentioned, the 

initial anrartratioa of m e ~ u r y  compounds in to- is low amape with 

surface arra of adsorbent. Futthcrmore, the mults also show that both amount of 

m m u y  rtmoved per gram of adsotfxn~ and amount of mercury nmoyed per 

sudw area of adsorbent in study of mercuric chloride is more than in sady of 

dipha~ylmcxcuy. Tk previous mentioned show that nickel adsorbnt can show 



h i g h  d k h c y  on removing of matauk chloride than of 

~~phcny-ry. 
Comparison bctmar nickd d sktmirto nhkmt, it was found that 

mount of dipha~ylmemq nmoved pcr surface arca of botb aisodqt is almost 

equal while amount of mcPanic ctdoride d pa surfg?c area of nickel 

adsorbent is slightly more than alumina adsorbent. 'Ibis indicates that nickel 

s d r a r b e n t s h o w B i g e a e f h c h n c y i r r ~ o f m c f f l r r i c ~ t h s e p l m i n a  

adsokmt. Comparison betw#n nickel dsohent and coppa adsorbent show mat 

~ o f m u c u r y a n a p v c d - ~ ~ c r ~ p ~ n r a f ~ L s d s a r k n t i n s t u d y  oflearcuric 

chloride is less than that of copper addxmt. Amom of mercury removed pa 

m k c ~ p e o o f  nid&rPdsarker-ir--mrrnortpa of menwry &per 

s u I f a c e a r e a o f o o p p e r ~  'Ihisshowthatcopperadsorbaushow~ 

d F & ~ k ~ d C # ~ ~ ~ d s : d 3 S k ~  ~ ~ h t U l a I X U y  

in ionic farm. 

~ o l . F B c P c f . ~ ~ l t . ~ d r o e k o C  

Figme 4.25 show the expakwmt resulrs of axs& oxide and 

- .* ado nerPVpf bp akkd akubca. Table 4.38 seowE tbc 

cslculatedpa#atremovalofarsenicsulaluQuy. ItItfdthata*laarnrion 

of d oxide ~ ~ - ~ i s - b a & w  40 gpb faoar- 

W of 10 ppm (t0,OOO ppb), u m q m d q  to m m  thaa 99.6% 

l a n w a l  wlrich can. be ollebadal that &nost all of atscnic is remowd Thc 

~ a l ~ ~ s h o w t h a t p a e e n t r u n o v a I o f a r s e a l c ~ b y n i c k e l d s a b a a  

~ O D d C C R 8 6 C ~ ~ a f a d s w p t i o P i a c r a s e s .  

Table 4.35 Prrcent nmoyal of mercury in the study of arsenic oxide and 

phmyMie  oxide adwrptiar m:micLeL a d m h t  

Arsenic oxide 99.6 99.7 99.7 

99.9 Phcnylmsim oxide 99.6 99.8 



Figure 4.23 Amount of d x i d s  and pheayimiie o.si& m sady of 

l u b p t k o a n i c W ~ t  

Zkble 4.89 PessltRaePscofsrafssrsftssed porc v ~ o f s p a r t  of 

niolrtl adsolknt in m d y  of adsarption of arsenic oxidc and dipbcayhna*lry 

Afm each experiment, spent &orbcats an analyzed for the'u 
. . 

characDenzotron including total auface a m ,  total porr volume and pore size 

diittibution. Tabk 4.36 shows the nsults of characterization of spent adsorbent. 

It is found that surface area end pore volume is slightly duxcasc. Tbe nsults 

show that pmxnt d u x a c  of surface cura and pore volume in study a n a k  oxide 

is mart than that of pharyhrsine oxide Mdy. Decruse in surfam a~ and pore 

volumc rtsult from adsorptiar of Prsenic on the adsorbu~t. F i  4.24 to 4.26 



s h o w p o n s ~ ~  . .  . offndrandspcntniobelulsorbeats. Fromthertsult 

it is apparcnt that thae is diimnt of pore surface area distrib~tiar and pore 

volume distrikdion bdween WI and spart adsorbent. 

F v  4.26 Comparison of porn sim dlseibution between fresh and spent 

nickel adsorbent in study of removal of phctlyhtsi~ oxide. 



Table 4.41 Amounts of arsenic nmwed par surface area of nickel 

&ubwbau 

Amourit of rPscaic mnwd pa gram of adsolbcnt and amaunt and 

a m r r r e t o f a s a k ~ p c r s r n f P o r p r r o 0 5 e d s a m e n t 8 1 . e ~ d r h o w  

in Tabla 4.49 to 4.41. Both amamt of srsenic nmovd pa gcam of aborbmt 

Pnd-.io~onrofarsmic.lropacdprsurtctraetofsdsoIbaltof~oxidoand 

phenyhdne oxida t ~ m ~ v a l  on nkkd dsorha are high bccam of high 

~ y i n ~ d o f ~ o o e r p o r m d s .  T b c v a l u c o f a w n i c ~ p c t  

gram and ars& removed per surface area of adwdxnt are much h i e x  than that 

of mtruuic chloride and diphylrnenxy. Tkus it can be concluded that nickel 

have higher efficiency for removal of arsenic compounds than removal of 

m=-Yc-P-. 

~ b a w e c a R i c k c l , c o p p e r d a l u m i n a a d w r b e n t s h o w t h a t  

amount of arsenic rnnovcd per surface area of adwrbcnt increase in the following 

order:copperadso&u~>~adsorknt>~pdsorbent .  ThcPeault 

- 
Arsenic oxide 

PhenyInrsim oxide 

50°c 

(I%/&) 

5754 

5780 

SOOC 

(@/Id 

5750 

5750 

70°c 

(ffi/g) -- 
5754 



shows that c q p r  adsoIfnat shows highest cfficiary in removal of meraay 

c. 
Adsorption by nickd-aq&ierdswbcat 

From the above m a i t i d ,  wc can conclude that nickel and oopper can 

mmvc nanuy ad prsadc witir high &cicncy. Thus this section will be 

focused on the effect of bimetallic compounds Bdsorbents if both nickel .and 

c o p p c r a m ~ ~ .  Adsorbanllscdisnidoel-coppetBdsort#awbich 

p e  by first hpqmcd by copper solution and by nickel solution in the 

latm.hr&toplwc-thatarsgl ir:d~isadsorbcdonnickel-oopper 

adsodacat. Spmt adsorbeats an analyzed for WP arsenic and mercury contmt 

d ~ i s s h o ~ n ' - i n T ~ 4 - . ~ .  'Ebc~ofaEsenicandmercuryisa\pwn 

in liquid carcmtration. The rsults show that mount of arsenic and UIUCUIY 

f n m d - o n t f & e d s o z a a r i s ~ c q t l 8 i a m ~ 1 l a t d ~ d m m n n y ~ e d  

h n  liquLI sample. lhis meam that maic and mernuy is rcmwed by nickel- 

cagpa-. 

Tabk 4.42 Amount of mcrcuricddode, diiylmcmuy, am& ooxide 

and phayWi oxide mnahing in the study of a d s c q h  on niclrcl-oopger 

adsorbeat at various wmpcmms 

- 

70°C (ppb) 
- 

168.3 

634 

37.6 

36.1 
- 

Campounds 

Mercuric chloride 

D ~ P ~ Y ' ~ = ' = ~ U Y  

Arsenic oxide 

Phmyllllsta oxids 
L 

30"~ (ppb) 

96.76 

744 

35.9 

34.0 

SOOC (ppb) 

128.4 

593 

32.9 

36.2 



Tab& 4.43 Amormt of mucmh chloride, d i p k y m ,  @ oxide 

and phenylarsh oxide mawmi fkxn tokuc in thc snrdy of -011 on 

nicbl-copper at various tcmpaannes 

70°c()rg) 

72.0 

31.6 

1729 

1729 

Phenylarsins oxide 

50°c(pg)  

76.5 

35.2 

1729 

1729 

Compounds 

MenataccNolide 

D i p h e n Y t n e m  

Arsenic oxide 

Pbenyl& olide 

S O ~ C ( ~ )  

78.2 

22.1 

1728 

1729 

4803 1441 4893 1468 4930 1479 



82 

Tabk 4.45 Surface .na and pore volume spent nickel-coppa adsarbcnt 

Mercuric chloride 

131.9 136.4 135.1 0.205 0.208 0.214 

A d s w p t h o l m e r r u r g r o a p o l m d s m n i c l d ~ o p ~ ~ t  

I h e e x p e d m e n t n s o l t s o f a d s a r p i o a ~ f ~ o n ~ u l p p a  

adsorkatarsshownmPignn,4.26. ~ran,valsofmaouryarecalculaatd 

and shown m Tabk 4.46. The results show that of mesatric 

c h l o r k l e a t e a c h ~ t a n p c r a a u c i s ~ t o 9 7 ~  128ppband168 

ppb, aomspondiag to 90%. 87% and 83% nmoval. The oar#ntratiDn of 

rnucauy iaclease with tmpatm of adsorption. In sbdy of diphenylmaauy 

- ofmemcmy~tqraatingaempaclhnrirdeaeaPsdto744pp46Sl 

ppb and 603 ppb, conesponding to 2646, 36% and 41% removal. 'Zhe c h g c  

in~trationofmuuuymbodrstudiesis~thanpenxntdcviatioashom 

in experimental u m r  d o n .  Comparison betwan cormamation of menany in 

this section and in the adsorptiononnickcladsorbeat andcopper a d s o w  found 

that remaining c o n c d d o n  of mcmuy in adsorption on nickel-copper adsorbat 

is more than that of both nickel a d s o r b  and copper adsorbeat. 



F i  4.26 Amount of mercuric chloride and d i p h e n y w  in d y  

of adsorptian on nickel-cqp adsommts at various temperanrrc 

Table 4.46 Pcroent removal of mgcaaic chbrlda Qd d i p k a y w  in 

saudyof~w.nickc l -copperedsorknt  

70°c 

(a) 
83.2 

96.5 

50°c 

(96) 

87.2 

40.7 

Compounds 

Mmnrric chloride 

Di- - 

30°c 

(%I 
90.9 

26.6 



Table 4.47 Pacent dscreasa of total arrface ana tiad total pore volume of 

spent nickel-copper adsorbcut in study of removal of mauric chloride and 

d i p k y l n a r r y .  

Pnomt dcueasc of total swfacc area and total porc volume sp&t coppcr 

are sho~11inTablc 4.47. Tht & sbDw that decrrase of 

total surf- arca and total pore volume of adsorbent in diphmyknucq d y  

are more than i n d  ehloridc study. E i  4.27 to 4.28 shows the surface 

n nod pore volume distrikmon a~cadisbibnbto of frtsh and spent nickel-coppcr 

adsorbants. F r o m t h e ~ i t i S ~ t h a t t h a a i S ~ 1 1 1 y ~ Q c n t o f p o r c  

s u r f a c c a r r a ~ a u d p a r e v o 1 u m e d ~ o n b c t w a n f r c s h a n d ~ p c n t  

adsolbent. This means that mnarry adsnption was dh&~ted on evay pon 

size of adsorbent. 

Ino ldertoco lnprac~ef f i ckacyofn icka l -~adsorbauwirh~l  

and cappa, amatnts of mmwy w e d  per gram of adsorbent and amormt of 

mexcurypmdacemwofnhkci -copptr~arecalculated and shown in 

Table 4.48 and Table 4.49. 



Fipm 4.27 Comparison of pon size distribution betwen fnsh and spent 

nickel-coppg adParkm in study of mmval  of & chloride. 

Figurt 4.28 Comparison of pore size distribution bdween fresh and spent 

nickel-copper adsorbent h study of nmoval of di iy lmucmy.  



Table 4.48 hnount of mercury removed per gram of nickel-copper 

adsorbent 

Table 4.49 Amount of mercury removed per suface a m  of 

nickel-capper adsorbent 

C o m p o ~  

M&c chloride 

Diphen*- 

Thc mlts show that amount of mercury removed per gram of adsorbent 

i n s t u d y o f n w c u d c c M o r l d e i S ~ i d e a t i c a l f w a l l ~ o f e a c h  

m m m y  compound while the amount of mercury mnoved per wrface a m  of 

adsorbent is & low. Bscause the initial mncatrdm of mrcury compounds 

in t o l u a ~ ~  is low compare with d a c e  area of adsorbent. In diimylmerauy 

shldy bodl amount of mercury removed per gram of adsmbmt and amount of 

mucury removed per surface a m  of adsorbent is less than in study of mercuric 

chloride study. 

C o w  of nickel-copper with copper and nickel adsohcat show that 

amount of mucury removed per surface a m  of nickel-ooppcr adsodmt in study 

of mercuric chloride is more than the amount of mercury nmoved per d a c e  

area of nickel and copper adsortmt. This drow that nickel-copper adsorbent can 

50°c 

(ffi 43) 

75.6 

35.3 

30°c 

(Pi3 43) 

78.2 

22.2 

70°c 

(Pi3 4) 

72.0 

31.6 

Canpounds 

Mercuric chloride 

~ P ~ ~ ~ Y J - = U V  

SOOC 

>@/ma) 

0.5039 

0.2364 

30°c 

(#/ma) 

0.5222 

0.1749 

70°c 

(%/ma) 

0.4808 

0.2112 



show higher e f f i o i y  in removing of mercuric drloridc than nickel and copptr 

ad- if they have equal wrfnw arca. la the d y  of diphcnybncmuy, 

amount of macwy removed per surfax area of nickel-copper adsoht  is less 

than the amount of xnawy mnovod per mrfm erut of nicktl a d  copper 

adsohnt. These show that both nickel-capper a c b h n t s  show hwcr efficiency 

m nmoval of diphenyImmmy than nickel and copper adsoxbent. 

Adsorption of arsenic ampounds on nickel-copper Pdsorknt 

F i  4.29 show the rwult of study of arsenio oxidc and pbcnyhsine 

oxide. Because initial concentration of arsenic is very h i  compared with 

~trationinplodwt,thuspcxcentremop.alofatscair:iscalculatedfiomthe 

remaining cmcmttation. The percent removals of arsenic m study of both 

arsenic oxidc and phmylarsimt oxide are &own in- Table 4.50. 'Ibt cxpczhent 

mlts of both arsenic oxide and phmylarsine oxide show that the remaiaing 

ccRIcenbration of arsenic are verplowandpa~eatnmoval is mom than 99.5%. 

figrae 4.29 Amount of arsenic oxi& and phmyLarsine oxide in study of 

adsoIption on nickel-copper adsorbents at various temperame 



Table 4.50 Penccnt removal of arsenic oxide and phenylatsii oxide in the 

study of adsorption on nickel-copper a d s o w  

Table 4.51 Ptrccnt decrease of total surface area and total pore volume of 

spent niokcl-copper adsohnl  in study of removal of arsenic compounds. 

70°c 

(46) 

99.6 

99.6 

~mpoPlnds 

Amnic oxide 

Phcnylarsint oxide 

Percent decnase of total surface area and total pore volume of fresh and 

spent alumina are shown in Table 4.61. It was found that penxnt dumaae in 

bodt total surfaoe ana and total pore volume of spent copper in study of 

pheDyLarsi oxide is less than in study of arsenic oxide. Decrtasi of surf= 

area and pare vohune mult from of mtrcury on edsorbent. F I  4.30 

to 4.31 shows the surface ana dibutim and pore volume diitribution of fresh 

and spart mpper adsoltxnt. From the figure, it is *patent that thm is slightly 

different of pore surfsce area distrihtion and pore volume distribution bctwctn 

f m h  and spent d m h m t .  This may mult from arsenic distribute to every pore 

size of adsorbent. 

30°c 

(46) 

99.6 

99.7 

=m4xJ- 

Arsmic oxide 

bylars irr  oxide 

50°c 

(96) 

99.7 

99.6 

Pore volume (96) 

30°c 

15.0 

7.2 

Surface ma (%) 

50°c 

11.7 

5.9 

70°c 

7.5 

9.8 

30°c 

11.2 

11.2 

70°c 

11.5 

9.5 

50°c 

7.5 

8.9 



F i  4.30 Comparison of pon size dskdWnm . .  . betwaen flesh and spent 

nickel-copper adsorbent in study of mmval of mmic oxide. 

F i  4.31 Comparison of pore size diution bdwecn fmh and spent 

nickel-coppcr adsorbent in study of m v a l  of phcnylarsinc oxido. 



Table 4.52 Amount of arsenic mawed per gram of nickel-copper 

adsorbeat 

Table 4.53 Amount of arsenic removed per surface area of nickel-copper 

adso*t 

- 
Arsenic oxide 

- 
Phurylarsiae oxide 

- 

Amount of arsaric removed per gram of admbmt end amount and 

amouatofarseaicremovedpaslufaaarea0f~arecal ;edaadshow 

in Table 4.52 to 4.53. 

Co+n of nkkd-oappaaddmt with *el adporbent a d  a p c r  

adsmkmt show that smoMt of arsaric rtm~ved per @am fdwrbmt of &l- 

copper a d s o h t  is ntady apal  to aammt of arsenic removed per gram 

adsmkmt of nickel and copper adsorbent. While amount of arsaric removed per 

surface area of nickel-copper adsorbent is more than that of nickel and capper 

admbcnt. This indicates that nickel-copper adsolbent can shower higher 

e E i y  in removal of arsenic than nickel aad coppcr adsorbent 

5 0 ' ~  

( w g )  

5764 

5762 

30°c 

( ~ 4 )  

6763 

6764 

7 0 ' ~  

( w g )  

5762 

5763 

Arsenic oxide 

Phenylarsine ox* 

3o"c 

38.5 

38.5 

5o"c 

38.5 

38.5 

7o"c 

38.5 

38.5 
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