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Abstract

: A feasibility study has been conducted regarding the application of waste coffee grounds as an adsorbent for the

treatment of nickel ion containing wastewater. The major variables which considered to influence the adsorbability of nickel

ion were its initial concentration, reaction temperature, pH, and coexisting ion. The specific surface area of coffee grounds

used in the experiment was found to be ca. 39.67 m’/ g, which suggesting its potential applicability as an adsorbent due to its
relatively high surface area. In the experimental conditions, more than 90% of the initial amount of nickel ion was shown to

adsorb within 15 minutes and equilibrium in adsorption was attained after 3 hours. The adsorption behavior of nickel ion was

well explained by Freundlich model and kinetics study showed that the adsorption reaction was second-order. Adsorption was

reduced with temperature and its change of enthalpy in standard state was estimated to be -807.05 kJ/mol. Arrhenius equation

was employed for the calculation of the activation energy of adsorption and nickel ion was observed to adsorb on coffee

grounds exoentropically based on thermodynamic estimations. As pH rose, the adsorption of nickel ion was diminished

presumably due to the formation of cuboidal complex with hydroxide ion and the coexistence of cadmium ion was found to

decrease the amount of nickel ion adsorption, which was proportional to the concentration of cadmium ion.

keywords : Adsorption, Coffee grounds, Ni wastewater, Kinetics, Coexisting ion
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Table 1. Elemental assay of coffee grounds used as an E . + + o o 33
adsorbent in the experiment
Element Nitrogen Carbon Hydrogen | Sulphur 5 - = pres p " - o
W% 22 SL.1 7.1 - Time (min)
(Limit of Error: N; £0.2%, C; +£0.3%, H; +0.1%) Fig. 1. Variations of the remaining concentration of Ni**
with adsorption time for its different initial concen-
ol o] FFARA &&H7] HAdAE ol od¥ trations.
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Table 2. Coefficients of determination for each kinetic
equation for the adsorption of Ni**
coffee grounds

on waste

‘ y = -20.879x + 43.910 Initial Conc. of r’ for Each Kinetic Equations
g ;| Ni** (mg/L) Zero Order Ist Order 2nd Order
- \ 50 09173 0.9204 0.9234
X | \.\ 100 0.8324 0.8413 0.8499
‘ 200 0.8659 0.8797 0.8927
‘ 300 0.3937 0.4010 0.4083
?‘70 1.72 1.74 1.76 1.78 1.80 1.82
InC,
34. 29| A
Fig. 2. Freundlich isotherm for the equilibrium adsorption . & Nittel za L ooro olmo
of Ni*" on waste coffee grounds. A" AAZIA A Nim o F&Fl vAe 2= FFs
ZAbe) el 2= 24 WA EA AZk] wHE NiT
I#4d, H]E Langmuir Model®] ZZ3EA <7} Freundlich 9o FFEFY WIE HESGH §FHY z7] vEE
Modeld] H]3] FSox BFstx 2 Augro] A L& 200 mg/L, 28 1 pHe 42 ZFFAT Fig 3& 4 2%
2 Ni'9 §Fo] REAoT W FHHS HolAE ¢ 27404 AIPE FFHEAY T w29 HEE yrhx
9o oulste Aolga & 4 gtk =, EXA 9 FH A v ol mEE A HEF 2E HeWdlA
FRHoz S By ol 4o oo ua §2 W 27 ok 108 ool NiT 271 dipro] §3)
Ao MeE EAd Yo Ao AlmdT}. oI = A2z detEgnh B, 7 BHe2RolMY 33 FF
FH B Pyl AAsk Fig. 19 AelAsh go] 1 FE VA B o 155°CAA 265°CE 2wt #5T B
Sol7h IAL AT TAAY P SR 7 Fage]  $ F229 WY FAY Ah ATl 26.5°CA 44°C
Ay 27 FYUAN Wt 4o YEd Aoz n 2 257 4S9l wE 33 F4FY 24 dFEg 2
ek Aoz ZAENE & WSEESt Eobgd B N'e
FRHS Ao AsHE Ao RAgom ol
33 BA HIS &C s4e g eE zddA gugom Ze dehte
Fig 19] A9 N d5g 2t 27 528 wg A AR LRI
o mE EFHwe WHRT W SEEHo AN 9
f ool 03 13, 12X 24 We SRS H 8 e |
AESHA L saof ‘ |
A E 53 tH Atkins, 1990) 3 a0 B ogssT |
E’ 515 - - A 44T !
Ce - Co = -kt (3) ;‘i 510 - \0 ;
c ALm |
g rs A A ry |
Q L [ ] L ] L] L ] |
n [(C-Col(C-Co)] = -kt ) ST w, |
£ so0f "o |
5 . 1
[L/Co][(Co-C(C-Co)] = kt (5) E 4es| - " |
|
490 L S A I
0:17]}\:1 k= H]-% ‘é‘E }6]-_? = H]-%/\] 7o qa_Lth 0 20 40 60 80 100 120 140 160 130 200
b . Y = ) ) . R =2 ijg(min)
Ce, Co, 28 C= 474 FHE 9 P&, 278%, 2 . . - . 2+
T oloe Akl Y] B otk N 2 7] = Fig. 3. Time courses of the remaining concentration of Ni
BRI = -= = =7t e for different temperatures.
So) A1) 0~ 158 Aol Mg A8 BE Ws 2 BEE
E 5 A9 weEEH HEote] BT A o=y Fig. 30] AAE 248 235 Ed2 Ni©'9 FFe vz
B 2% AFE 7ok Table 200 RS old ARE ¢ wgewd gge g9gHon AR A BIY
Ao FHAZ ALY AT HAZ P NiTY F 49 £xol BAE MYPst= van't Hoff Equationg Z+
e A¥A HES 7] & WA 23 @39 F SxoMo NiT'e HAEZe] ALsich wheo FEA
e WeEE E4g e Aoz sotEgn F, NiT 5o 2T BSere osol Hg ERAEAY w
o] A7 mE FF FFE FE}E FHEY 5= 29 dgy wWalele] #AES Yehle van't Hoff Equa-
ez Z TS e AoR #FHIOH oHF A tione Teo Fejz ¥E o7 thFaure, 1998).
Ao gANS 271945 HS @43 Yee Rolg
A + Atk dInK /d (I/T) = -AH’ / R (6)
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&J7]4, K : Equilibrium Constant HalE Aoz N9 &Fugo] w3k Activation
T : Absolute Temperature EnergyE =&3laxl ¥t dultygoz wg &% A
R : Universal Gas Constant 9 &% gHralel Arrhenius

AH® : The Change of Enthalpy at Standard State

z7]

exgty WAE Audezs AP agi 0194 71€7)
PEH PN FHUEY AHE o - 705 ki/mol3)
Aoz uveth %, Ad AR EH? FHe
TSR WSLES} A5 me °Z}/z§°1 Zas
g 99K oz o & A

y = 97.071x + 3.332

366
¥
3.84
o.zoémo 00032 0.0034 0.0038
1T
Fig. 4. Plot of van't Hoff equation for the estimation of the
enthalpy of reaction.
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AG® = - RT InK 0
AH® = AG” + TAS ®)

Ink = -E, / RT + InA )
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6x107, 5x10°, 183 9
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o
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2 @
v N
e
e
4
L

y =-310.360x - 8.696
86 |

98 ——

Ink
L ]

102

N E— S—

0.0033 0.0034 0.0035 0.0036
T

1/T for the calculation of the activation

[T 1 - L S—
0.0031 0.0032

Fig. 5. In k wvs.

energy of Ni** adsorption.
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