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Adsorption Kkinetics and thermodynamics of
3-hexyl-4-amino-1,2,4-triazole-5-thione on
surface of chalcopyrite
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(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China)

Abstract: A novel surfactant, 3-hexyl-4-amino-1,2,4-triazole-5-thione (HATT) was synthesized and characterized by
infrared spectroscopy, 'HNMR and *CNMR. And its adsorption kinetics and thermodynamics on the chalcopyrite
surface were evaluated. The results indicate that the preferable pH values for HATT adsorption on chalcopyrite surface
are 4-8 and the adsorption amount increases with increasing temperature. The adsorption process conforms to the
pseudo-second-order kinetics equation and the adsorption activation energy is 13.06 kJ/mol. The adsorption isotherm
agrees well with Langmuir model and the thermodynamics parameters AH, AS and AG are 71.52 kJ/mol, 348.7 J/(mol-K)
and —28.95 kJ/mol (298K), respectively. The adsorption of HATT on the chalcopyrite surface is a spontaneous
endothermic monolayer chemisorption. The FTIR spectra further verify the chemisorption process. The flotation results
also show that HATT is a superior collector for chalcopyrite.
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Fig. 1 XRD pattern of chalcopyrite
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Table 1 Element content of chalcopyrite by XRF (mass
fraction, %)

Cu Fe S Zn Al Si Pb Bi Ca O

31.58 28.52 32.72 0.63 0.16 1.14 0.21 0.14 0.55 4.12
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Fig. 2  Adsorption amount of HATT on surface of

chalcopyrite as function of time
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Fig. 3  Relationship between adsorption of HATT on

chalcopyrite surface and pH value

23 HiRMRHM

FEWL I R] 4 18 by pH 7.3 I, AS[AJRE (298 K.
318 K. 328 K) N# W % HATT [ F-#7W [} H:(Q.) 5
HATT [P B (co) IR R 2R LI 4.

4 o750, [, SEA 0 HATT 1
7 B A HATT P4 S X3 i 34 0 s e AH I+
RPHTRFESAE T, BT E I Ty, SO %) HATT
()T W B et T vy, 3R W BRI e D W ARG 7R

73 591K ] Langmuir®! (AL, 38,(4)) A1 Freundlich!*?( A,
T (5)) S PR 7 RS ] 4 rh s B g T LG
FEXSE AT T IR, HA LA 5. % 2 BLAK 6.
%3,

#F 2 Langmuir %R 7 FEILA 45 R

Table 2 Fitting results of Langmuir isotherm equation
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Fig. 4 Adsorption isotherm of HATT on chalcopyrite surface
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T/K Fitting equation Ki/(L'mol™") Sinay/(mol'm?) R?

288 ¢/0~0.08841+0.15733 X 10°¢, 1.7796 X 10° 6.3561x107° 0.9900
298 ¢/0~0.03253+0.14924 X 10°¢, 45878 % 10° 6.7006 X 107° 0.9945
308 ¢/ 0=0.01149+0.14241 X 10°¢c, 12.3943 X 10° 7.0220X107° 0.9885
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Fig. 6 Freundlich fitting curves of data in Fig. 4

% 3 Freundlich 2535 J7 FEHUL & 45

Table 3 Fitting results of Freundlich isotherm equation

T/K Fitting equation Ky n R?

288  1g0.~=0.22221gc.—3.2704  0.0380 4.5001 0.9478
298 1g0.~=0.15391gc.—3.4985 0.0302 6.4981 0.9349
308 1g0.~0.1201gc.—3.5982  0.0274 8.3250 0.9171
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Table 4 Thermodynamics parameters of HATT adsorbing on

chalcopyrite surface

AG/(kJ'mol ™)
208K 318K 328K
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71.52 348.7

14.0f
13.5¢
; 13.0F

12.5F

12.0

3.25 330 335 340 345 3.50
T-'/1073K™!

7 InK 5 TR AR
Fig. 7 Relationship between InkK; and 7'
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Table 5 Kinetics parameters of HATT adsorbing on chalcopyrite surface

Pseudo-first-order kinetic

Pseudo-second-order kinetic

K -1 2 2 > 1 -1 5 > Qe.exp/(mol-mfz)
Ki/(h) R O/(mol'm™) Ky/(m “mol "-h™") R O/(mol'm ~)

288 0.2728 0.9473 3.7334X10°° 11230.65 0.9961  43145X10°  3.9228X107

298 0.1389 0.9793 3.0792X107° 13659.89 0.9914  5.0307X107°  4.9355X107°

308 0.2413 0.9417 3.8910X107° 15999.15 0.9963  5.6174X107°  53973X107°

In[(Q.~Q,)/(mol'm™)]

B8 MBS L

Fig. 8 Pseudo-first-order kinetic fitting curves

6

(#O)Y(10°h*m?-mol ™)

25

9 MEAN I FAUA L

Fig. 9 Pseudo-second-order kinetic fitting curves
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kJ/mol.
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Fig. 10 Relationship between InK, and 77"
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Fig. 11 IR spectra of HATT before and after its response to
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Fig. 12 FTIR spectra of chalcopyrite before and after HATT

treatment

REIC T I LR /MU 7 S5 0 i e, IRREIS N—
H 8 e (1 — AN S - HE N

K 12 W], HATT 4¥ 5, HATT 5 Cu*'8k Cu”
L5 GV LLAMRFAE SO H AR BT i, X e
WAL 3E 2954, 2920 F1 2853 em™' ALK C—H M 4idE
31, 1638 cm ' A1) C=N {H4iesh Wi, 1535 Fl
1462 cm " AL B AR EERLFE C(=S)—N. X740 Ui,
HATT ik 5 8 4™ 3 1 110 /0 A 5 7 2B A 2 S
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Fig. 13  Effect of pH values on flotation recovery of

chalcopyrite
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