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Molecular dynamics simulations of dodecylamine adsorption on
guartz and magnetite surfaces in aqueous solution
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Abstract: The adsorption process of dodecylamine (DDA) on quartz and magnetite surfaces at a molecular level was
studied by molecular dynamics (MD) simulations method. In the consideration of hydrolysis ionization equilibrium and
surface charge mechanism of DDA, a model close to the realistic flotation system was established to simulate the
adsorption behavior under the weak acid, neutral and strong alkali conditions. The adsorption heat in the adsorption
process of DDA on quartz and magnetite surface was measured by micro calorimeter. The results indicate that the
optimum condition for DDA adsorption on mineral surface is at neutral environment; it is difficult for DDA adsorption on
magnetite at weak acid environment; and the interaction of DDA and mineral is weak under strong alkali condition. The
interaction energy of DDA and quartz is higher than that of DDA and magnetite. DDA is preferred to adsorb on the
surface of quartz, and the adsorption process is physical adsorption. The selectivity phenomenon in molecular mechanics
and thermodynamics level was explained by MD simulation and microcalorimetry measurements experiment.
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Fig. 2 Species distribution diagram of DDA as function of pH

in solution (¢ppa=1.0 X 10* mol/L)
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Table 1  Atom numbers of all species in simulation of DDA

adsorption on quartz surface

Atom number

Species
pH=4 pH=8 pH=12

DDA" 1 1 0

DDA 0 0 1

Chloride 1 1 0
Surface oxygen 1 42 42

Surface hydroxyl 41 0 0

SiOH," 0 0 0
Bridging oxygen 252 252 252
Silicon 147 147 147
H,0 420 420 420
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Fig. 6 Equilibrium configurations of DDA on quartz (001) surface in aqueous under different pH (Color representation is as follows:

red, oxygen atoms; yellow, silicon; white, hydrogen atoms; blue, nitrogen atoms; light green, chloride ions; and gray, carbon atoms.

For clarity, only skeletons of water molecules are shown.): (a) pH=4.0; (b) pH=8.0; (c) pH=12.0
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Table 2 Surface energy of magnetite cleave plane

Cleave surface E/(kJ'm?)
Magnetite (111) 638.5
Magnetite (001) 12254
Magnetite (110) 828.7
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Table 3 Atom numbers of all species in simulation of DDA

adsorption on magnetite surface

Atom number

Species
pH=4 pH=8 pH=12

DDA" 1 | 0

DDA 0 0 1

Chloride 1 1 0
Surface oxygen 0 48 48

Surface hydroxyl 47 0 0

FeOH," 1 0 0
Bridging oxygen 192 192 192
Ferrum 180 180 180
H,0 380 380 380
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Fig. 7 Equilibrium configurations of DDA on magnetite (111) surface in aqueous under different pH (Color representation is as

follows: red, oxygen atoms; yellow and green, iron atoms; white, hydrogen atoms; blue, nitrogen atoms; light green, chloride ions;

and gray, carbon atoms. For clarity, only skeletons of water molecules are shown.): (a) pH=4.0; (b) pH=8.0; (c) pH=12.0
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Table 4 Values of interaction energies of mineral surfaces

with collector at different pH

Ei/(kcal'mol ™)

Mineral
pH=4.0 pH=8.0 pH=12.0
Quartz -108.27 -177.82 -26.86
Magnetite 178.88 -141.99 -24.92

BB BB . PTG, BT R, 2
It R Bt A TR e, AR R BRI N S N e e 9y
AR — TR AR 52 ok PR I R AR P AR A 2
é%iﬁ([”]o

T RS A TR R W B I R g o
OKFI L) HAE P AR TR] (K, 330 DR -1 e s il
KRG HE—MREYOLE 2), K RNH,,
(RNH3),”", RNH,RNH;fl RNH, 48, + it
RS HEWN pH BBAHIC . W B HGREE Il 4311
PAE S B AFE A TR AL, SRR RRE
R BRHA, BT LA YR B0 R R S RSl 77 (2
7K BRI FA o 308 3 00 R e R v O A D
B 15 21 SN AS AR (AggsH > kI/mol) 528 20 =(8)
FioR:

Ay H = Quas (8)
nads

AH: Quas WWHIEFEF I REERL, THEARX W

KOR:

Qads = Qr - Qw (9)

Vel 8 BT e e A ke R T W B R v £ 7
TR HZ . B 8 FFml g, ek 20 B A
I 1)K 29 2 60 min,  ANKIHR (1) it £ 2 W WOR O
AEBI TR HAVE R AR 7y o W B
(IR BT A A S e TSGR S T A T R s - U
70 100 e AR W R o R R ) e B AR AL S W) pH
YIS, WL T A pH B e S ke
TE R RE R AR AL o

R 5 PN AR AT S SRR A TR P I e
MR BR A S B H e AR 5 AT, BT I S
K00 (VB PR g R R ) 320 b AL 2RI R h TR 1

0.05F Adsorption

Equilibrum
adsorption/desorption
-0.05}

-0.10

Energy flow/mW

=0.15F

0205 20 40 60 80 100

Adsorption time/min
B8 M A SR IR B i A v (1 S TRl A 2k
Fig. 8 Typical microcalorimetric plot for adsorption of DDA
on quartz (pH=8.0, ¢,=5.0X 10 2 mol/L, =30 °C)
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Table 5 Calorimetric results of DDA adsorption on quartz and magnetite

Mineral pH co/(102mol-L™h nads/(mmol-gfl) Q.4 ~g71) AH,/(kJ-mol™)
4.0 5.0 0.231 —4.109 -17.79
Quartz 8.0 5.0 0.256 —6.536 —25.53
10.0 5.0 0.185 —4.575 —24.73
4.0 5.0 0.202 —3.069 -15.19
Magnetite 8.0 5.0 0.432 -9.378 —21.71
10.0 5.0 0.345 —7.231 —20.95
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7E pH /N T 10 B fl & L RNH; B X AE R, 1M
TESRBEAE PR T T e LAk 7 BT RS T A e
(X FEHE pH 4 10.0 SR, FEsmB PRS2k
DUUE), XFMAR ARG T AR PR B o 0T+
TRRATAT I S KA T B R A, E pH O 8
10 P40 N T AE R 2 T R W8 B 3 v T4
SEIR), X Yn I AE RV AR SR B T (R0 A A1 vk
FER), BERRAT 2100 1R B B2 i T 0, Jg X
WG SRR PR LG R T ARAN ], WEBkAr i L i
R T AT OE T o WS B a5 R B o PR /N FEAS B e I
WS B RE T R BRES T S A ST S ISR A T T )
Pz —, SEWCNERIT RN AR, TR RN —
AN FESES) P, FE T T k- R S TR B AR A
R o

3 g

1) LSRR B 255 iSO+ I ket 5,
T SRR, WP T A O SRR AR ik
1ol 2zest, SRR YRGS B 735 pH A
6~9 Z[8], JF HAT LR A IR 2 i T WA ERAT 1 o

2) K> T3 S # B TER I+ e 50
G AR AR, AL T35 PPk LA SR =l
BG-GB A RI B AR AR, S SRR
R By TR AE AT SRR s pH ORI B AT
AT RZ RN, (EFIRRIEFAT T+ A REW I T
YR, AR R T A A S ST R
T RO RS, AESRBE A ST -+ e S P Al HAE
RE5.

3) SRR BRI T AR ) 3% W B
REFE A KRB DAWETTSE P i o0 2551 5874 2 1)
WA EAE . SRR SBGRIER™ Y3 1T AR PR I
FEN BRI RE, 2500 s I R B R T, 1
G E A GEA I R R R R, AT
S A8 A4 S U SR e A 1 P R T AR
.

REFERENCES

[1] LIUCM,FENG A S, GUO Z X, CAO X F, HU Y H. Dynamics
simulation of tertiary amines adsorbing on kaolinite (001)
plane[J]. Transactions of Nonferrous Metals Society of China,
2011, 21: 1874-1879

21 4 16, E W, B, XN, Rk, s AR
BRI T2 R W MIHLRL). h EA G ok, 2012, 22(7):



2234

PR R AR

2015 4F 8 H

(3]

(4]

(5]

(6]

2069-2074.

SUN Wei, WANG Li, CAO Xue-feng, LIU Rui-qing, XU
Long-hua, HAN Hai-sheng. Flotation technology and adsorption
mechanism of vanadium extraction from stone coal[J]. The
Chinese Journal of Nonferrous Metals, 2012, 22(7): 2069—-2074.
&%, 3 B B RO R T Rk
A FIALER[D]. AT (48R 249, 2014, 24(11): 2872-2878.
YUE Tong, SUN Wei, CHEN Pan. Mechanism of reverse
flotation desilication for bauxite by quaternary ammonium salt
collector[J]. The Chinese Journal of Nonferrous Metals, 2014,
24(11):2872-2878.

XUHEAR, B . FBGH CSU-M AR A 4 A B 53 T
ERWRHLELLT]. R R R (AR BRER), 2014, 45(12):
4105-4110.

LIU Jian-dong, SUN Wei. Flotation technology and adsorption
mechanism of collector CSU-M to molybdenum oxide in Ni-Mo
ore[J]. Journal of Central South University (Science and
Technology), 2014, 45(12): 4105—4110.

Ok AR fRJeE, MZEERE, XA CPC RS
TR AT b B 23 18 D3 RN T]. P R 22 A (A R 2
fi), 2013, 44(8): 3102-3107.

WANG Zhen, SUN Wei, XU Hua-long, XIAO Jun-hui, LIU
Ruo-hua. Adsorption behavior of CPC on molybdite surface and
molecular dynamics simulation[J]. Journal of Central South
University (Natural Science), 2013, 44(8): 3102-3107.

Wi, AT, SRR, MR, SORE. EUBR-TE
TE R A K L HLEL )] B AT 4 R F R, 2012, 22(10):
2944-2950.

YANG Zhi-chao, FENG Ya-li, LI Hao-ran, LIU Xin-wei, CAI
Zhen-lei. Separability of calcium from calcining magnesite by
flotation and its mechanism[J]. The Chinese Journal of
Nonferrous Metals, 2012, 22(10): 2944—-2950.

RAI B, PRADIP. Molecular modeling and rational design of
flotation reagents[J]. International Journal of Mineral Processing,
2003, 72: 95-110.

RAI B, PRADIP, RAO T K, KRISHNAMURTHY S,
VETRIVEL F R, MIELCZARSKI J. Molecular modeling of
interactions of diphosphonic acid based surfactants with calcium
minerals[J]. Langmuir, 2002, 18: 932-940.

B Wb, BRD]g2. BT AERER > B A HLAEN ) BKY-1 RIHLIERT
FU). A OEEOER ), 2013(5): 73-77.

TAO Kun, WEI Ming-an. Mechanism research on a new type of
organic depressant BKY-1 for the separation of chalcopyrite and
pyrite[J]. Nonferrous Metals (Mineral Processing Section),
2013(5): 73-77.

WANG L K, SHAMMAS N K, SELKE W A, AULENBACH D
B. Flotation technology[M]. New York: Humana Press Inc, 2010.
RPEH, Bl 25, XU S i A Al ORI T L

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

R, B4JE, 2008, 6: 6-10.

YU Xing-yang, ZHONG Hong, LIU Guang-yi. Current research
status on cationic collector of reverse flotation desilication[J].
Light Metals, 2008, 6: 6—10.

NOVICH B E, RING T A. A predictive model for the
alkylamine—quartz flotation system[J]. Langmuir, 1985, 1:
701-708.

ZHANG J H, YOON R H, ERIKSSON J C. AFM surface force
measurements concluded with silica in C,TACI solutions: effect
of chain length on hydrophobic force[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2007, 300: 335—345.
CHERNYSHOVAT1 YV, RAO K H, VIDYADHAR A. Mechanism
of adsorption of long chain alkylamines on silicates. A
spectroscopic Quartz[J]. 2000, 16:
8071-8084.

SWAGAT S R, NISHANT S, HRUSHIKESH S, BISWESWAR

D, BARADA K M. Molecular modeling studies of oleate

study. 1. Langmuir,

adsorption on iron oxides[J]. Applied Surface Science, 2014, 295:
115-122.

WENG X, MEI G, ZHAO T, ZHU Y. Utilization of novel
ester-containing quaternary ammonium surfactant as cationic
collector for iron ore flotation[J]. Separation and Purification
Technology, 2013, 103: 187-194.

LIU A, FAN J C, FAN M Q. Quantum chemical calculations and
molecular dynamics simulations of amine collector adsorption
on quartz (001) surface in the aqueous solution[J]. International
Journal of Mineral Processing, 2015, 134: 1-10.

ZoRg, WO B Y 20GREIENNE B TR s 7
JHCHLERTTE]. 4Tk %, 2006, 25: 110-114.

QIN Zong-hui, TAN Rong. Spectrophotometric method for
determination of cationic surfactants with eosin Y and its
reaction mechanism[J]. Chinese Journal of Analysis Laboratory,
2006, 25: 110—-114.

HUANG Z Q, ZHONG H, WANG S, XIA LY, ZHAO G, LIU G
Y. Gemini trisiloxane surfactant: Synthesis and flotation of alum
inosilicate minerals[J]. Minerals Engineering, 2014, 56:
145—-154.

ERDEMOGLU M, SARRIKAYA M. Effects of heavy metals
and oxalate on the zeta potential of magnetite[J]. Journal of
Colloid and Interface Science, 2006, 300: 795—804.
FUERSTENAUA D W, PRADIP. Zeta potentials in the flotation
of oxide and silicate minerals[J]. Adv in Colloid and Interface
Sci, 2005, (114/115): 9-26.

SOMASUNDARAN P, WANG D. Solution chemistry: minerals
and reagents[M]. Netherlands: Elsevier Science, 2006: 20—22.
BALAKIREV V G On the oriented cleavage of quartz[J].
International Geology Review, 1977, 19(4): 482—490.

PRI, A SR AR UG R AR AR AT IR 2 S P gl



%25 B 8 X

%o A PR TR AT S R T B ) 931 3 ) AU

2235

[25]

[26]

(27]

(28]

W], HUBA T, 2009, 33(3): 277-279.

YAN Feng-lin. Distribution properties and hosting conditions
and purification methods of baneful impurity elements in
quartz[J]. Journal of Geology, 2009, 33(3): 277-279.

ZHENG J, BEHRENS S H, BORKOVEC M, POWERS S E.
Predicting the wettability of quartz surfaces exposed to dense
nonaqueous liquids[J].

Technology, 2001, 35: 2207-2213.

phase Environmental Science &
JIA R. Adsorption of cationic surfactants and their effects on the
interfacial properties of quartz[J]. Surface Chemistry and
Colloids, 2004, 64(9): 45—-64.

MARTIN G J, CUTTING R S, VAUGHAN D J, WARREN M C.
Bulk and key surface structures of hematite, magnetite, and
goethite: American
Mineralogist, 2009, 94: 1341-1350.

YANG T, WEN X, REN J, L1 Y, WANG J, HUO C. Surface

structures of Fe;O, (111), (110), and (001): A density functional

A density functional theory study[J].

[29]

(30]

(31]

theory study[J]. Journal of Fuel Chemistry Technology, 2010, 38:
121-128.

TIEZY, B, PEAsEM]. 4 Bk, dbst: @5 30E HIRAL,
2001.

WANG Zheng-lie, ZHOU Ya-ping. Physical chemistry[M]. 4th
ed. Beijing: Higher Education Press, 2001.

VIDYADHAR A, HANUMANTHA RAO K, CHERNYSHOVA
I V, PRADIP, FORSSBERG K S E. Mechanisms of amine—
quartz interaction in the absence and presence of alcohols
studied by spectroscopic methods[J]. Journal of Colloid and
Interface Science, 2002, 256: 59—72.

ROSELIN L S, LIN M S, LIN P H, CHANG Y, CHEN W Y.
Recent trends and some applications of isothermal titration
calorimetry in biotechnology[J]. Biotechnology Journal, 2010, 5:
85-98.

(miE T #B)



