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Physicochemical properties and adsorption performances of Nianzishan Maifan
Stone in Qiqgihar for heavy metal ions
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Abstract: Nianzishan District of Qiqihaer City was awarded the title of “Hometown of Chinese Maifan Stone" by
the Committee of Chinese Hometown of Specialty in 2001. In this paper the specific surface and pore properties

cationic exchange capacity ( CEC) and pH buffering capacity of the Nianzishan Maifan Stone were tested and ana-
lyzed to reveal the basic structural and functional performances of Maifan stone; in this way the adsorption per—
formances of Nianzishan Maifan Stone for Pb>* Cd’* and Cr'* can be explored respectively. It is indicated that
Nianzishan Maifan Stone shows a cationic exchange capacity ( CEC) of 13 ~20 mmol /100 g with the sponge macro
— porous structure. The pH values of acid and alkali solutions can be adjusted to a neutral point efficiently when
the Nianzishan Maifan stone is added especially for the acid solutions. The heavy metal adsorption performances of

Nianzishan Maifan Stone are Ph** > Cr’* > Cd**.
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Table 1 Chemical composition of Nianzishan Maifan Stones in different places
Si0, TiO, Al1,0, Fe, 0, MnO MgO Ca0O Na, O K,0 H,0 P, 05
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Fig. 1 XRD patterns of the Nianzishan Maifan Stones
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The pH regulation of alkali ( a) and acid ('b) solutions by Nianzishan Maifan Stones



716 35
4 2.5
( 2000; 2003;
pH 2005; 2013) . 5. 6. 7. 8
. 5 Ph?*
Sa MNA-0. 07 Pb**
10 [ Pb2+
ab 15~20 h Ph**
P2
o . 5b Ph?*
& gl o Sc
& g ?El Ph2*
a Bty Ph?*
il I ]?Eiz Ph2* . 6 7
: 8;5; c2t Rt
5F : ' = l T = ‘ = l ) | j sz +
0 20 40 60 80 100 120 140 3
Hn 8 Ph2* L Cd2* G
4 pH
Fig. 4 The pH regulation of acid and alkali solutions PL** T cd*
by different size Nianzishan Maifan Stones .
@ Pb’* . Cr*.Cd*"
pH ; 40
AL O;. Al lg 3.2~4mg P 1
Al g 0.1 mg/L( 10
pH ( 2000; ) 32 ~40 L
2007) pH 0. 05 mg/L( 10 ) Cd’t
7~8L 0.5 mg/L( 10
) Crt 3L @
: 3 CPhT > Gt o>
a2t
. e)
“ 7 ( 2008)
ALO, 16% , @
Al Al ( OH) **
H,Al0, - 0.07 mm 0. 15 mm
R 1 mm
Al



4 PL’*. Cd*t. Y 717

— 0751 a

043 072t

s | 0.69F
- oAk =
% S 0.66F
s 0.40 P

)

= | & 063
= 039

038} 0.60[

037} 0.57f

036 y i " 0 4 1 1 1 1 1 i

: . . = 5 = 0 10 20 30 40 50 60
Bt iEl/h Fi 8] /h
421b 400r b
Pb2* iy W% B Cd* By MR Ffit B
L s 4.00
40 7 37_/96, —_ 395} 393.84
7 2 7

38 | % 7 7, 30 /
% & 386.24
36| % 7, =~ 7 3%2 385.08
= road
o o 382.04 wa 1
& / - ' 7
B 34 L 380 1 /

n

39 L / 3.19 3751 / /

30 '\I a ’\I { '\l o 370 { ./ / f f {

f ¢ ¢ & R R o
™ & ¢ § & ¢/ Y » Y a S

s F s o ¢

450 € nsp©

. C__1007mm  [ZZZZ015mm E—=1mm C__J007mm  PZZZA015mm F—T1imm

' . e T m% 400 | -
VI — ] 1
3shPH 35H| e Z ] 7 Zh ?
- m B H H -

i | e st A (DA |
vt | |1 Z=mN w8 |V = A (Y
5 — - % & 325 - - -
£ oLikE | e & 7= H =
i = E | Y W 300 | PH g= =
= g=IaN7= 4 = = 7| |
CREINN= H |7 w5t | PH Z7=7=

oHE | |7 E = A |1

. ] - 250 | - - -
H — - ] - V]
05k = /E V] 225 L = ] ] H ;
= {1 /] . /i oo LLEH 1 2 = H | Y
MNA MNB MNC MSA  MSB  MSC MNA MNB _ MNC _ MSA _ MSB _ MSC

5 ZEWRAX KT PR R
Fig. 5 Adsorption of Pb?>* on Maifan stones
a— R M3 2 LR b— ARG E R R b2
c— A RRARZ AR PH2t
a—adsorption kinetics curve; b—influences of positions

on adsorption; c—influences of particle sizes on adsorption

Bl 6 FEIRAN CE* KR
Fig. 6 Adsorption of Cd** on Maifan Stones
a— R E %2 ek, b— ARG EFIRABRM CL* s
c— AR Z AR A R Cd?
a—adsorption kinetics curve; b—influences of positions

on adsorption; c—influences of particle sizes on adsorption



718 35
2ir ‘8 45y
| e oot =4
18t 40} B - _ =
35F
% 15 30} ]
& i
E ot S 25
; 12 E
= i 20
B oo} = 7 7 ) 7]
15F 7 7] V] %
4 g 4 4
06} 10 g %
st | |7 |
03 s et LA 3 13 [iE [/H [
0 20 m‘;t()a - /60 - 80 100 QQ'\ 3 r ) R ) Q )
c,/mg: . > QO & 3 . 3 Q’Q 09
24rb O A S X
[ “rzace mmm e * =
8
o | i 1.83 Fig. 8 The comparison of heavy metal adsorption
137 7 7— 1.78 g p y P
i 7 / 7 quantities on Maifan Stones
~ L6 / 1.49 / / /
: v n N
st Y % / ( 1996) ;
8% % / / / ; .
- ) s 7 p
08F / / / / /
A0 00 0 7
"9 7 2 9 :
0 / / Y/ Vi )
,Qg\ Q.Q'\ Q.Q'\ Q.Q(\ Q.Q'\ Q.Q/\
» &' ¢! $ $ § i
SR A .
pH
251 C
[ J007mm PZZ71015mm ——1mm
i 7 7 ? SOH +M** <>SOM* +H*
7 I SO~ +M** >SOM * (1)
- Al i 2 g SOH + MOH *«>SOMOH + H*
= g ) 2 % ; SO~ + MOH * «»SOMOH (2)
£ 00| ¢ / 7=7=m7 2 SOH + M** »(S0) ,M +2 H*
— %
H (H |7 g 250" + M >(S0),M (3)
L Y
Y 4 g 7
= || E 3
% V]
o LLIA i / 4
MNA MNB MNC MSA MSB MSC
7 EE (1) Si0, 64% -
Fig. 7 Adsorption of Cr’* on Maifan Stones Al O, 16% N
a— ; b— crt; 0 g=2.9
c— 't .
a—adsorption kinetics curve; b—influences of positions
on adsorption; c—influences of particle sizes on adsorption ( 2) I
(3) 17.8



Ph**. Cd**. CrfY 719

mmol /100 g
o Pb’*.Cr’ " Cd**
D P > Ot > Gl
(4)

pH
pH

Pb**.Cr*

Cd2+

References

Barczak M Michalak — Zwierz K Gdula K et al. 2015. Ordered meso—

porous carbons as effective sorbents for removal of heavy metal ions
J . Microporous and Mesoporous Materials 211: 162 ~173.

Brunauer S Deming L S Deming W E et al. 1940. On a theory of the
van der waals adsorption of gases J . Journal of the American Chem—
ical Society 62: 1723 ~1732.

Chen Shugui Zheng Xiaomei and Wang Yinghua. 2005. Processing and

Application of Maifan Stones M . Chemical Industry Press( in Chi—
nese) .

Du Juan Shi Baoming Shan Anshan et al. 2012. Research on the ad—
sorption of cadmium by medical stone under different conditions in
vitro J . China Animal Husbandry & Veterinary Medicine 39: 70
~72( in Chinese with English abstract) .

Du Peixin  Wan Huaxian and Sun Hongjuan. 2012. Research on the ad—
sorption of the montmorillonite to heavy metal ions like Sr Cs and Pb

J . Non — Metallic Mines 35: 57 ~60 ( in Chinese with English
abstract) .

Feng Dongyan Sun Yiran Yu Fei et al. 2015. Adsorption properties of

graphene and its composites for heavy metal ions in aqueous solution
J . Journal of Functional Materials 46: 3 009 ~3 015( in Chinese
with English abstract) .

Feng Guanghua. 2001. China”s Maifanshi resources and their develop—
ment and research J . Bulletin of Mineralogy Petrology and Geo—
chemistry 20: 131 ~135( in Chinese with English abstract) .

Gao Xiaojiang and Rong Qiutao. 1996. Application of maifan stone to pu—

rifieation of heavy metals containing wastewater J . Shanghai Envi

ronmental Sciences 15: 25 ~27( in Chinese with English abstract) .

He Hongping Guo Jiugao Xie Xiande et al. 1999. Experimental stud—
ies on the selective adsorption of Cu>*  Pb%*  Zn?* Cd** C*

ions on montmorillonate illite and kaolinite and the influence of me—

dium conditions J . Acta Mineralogica Sinca 19: 115 ~ 119 ( in
Chinese with English abstract) .

Koteja A and Matusik J. 2015. Di - and triethanolamine grafted kaolin—
ites of different structural order as adsorbents of heavy metals J .
Journal of Colloid Interface Science 455: 83 ~92.

Kumari M Pittman C U and Mohan D. 2015. Heavy metals Chromium

( VI) and Lead( II) removal from water using mesoporous magnetite

(Fe;0,) nanospheres J . Journal of Colloid Interface Science
442: 120 ~132.

Li Hujie. 2005. Adsorption of heavy metal ions with rentonite J . China
Mining Magazine 14: 44 ~46( in Chinese with English abstract) .

Li Juan Zhang Panyue Gao Ying et al. 2008. Overview of Maifanshi:
its physi — chemical properties and nutritious functionin drinking water

J . Environmental Science & Technology 31: 63 ~66( in Chinese
with English abstract) .
Lii Jingcai Zhao Yuanfeng and Zhao Rui. 2000. Absorption of copper
zinc and cadmium on MF ( granite) in sea water and aqueous solution
J . Jouranl of Fishery Science of China 7: 87 ~90( in Chinese
with English abstract) .

Niu Jia. 2013. Research situation and development prospect of healing

stone J . Jounal of the Graduates Sun Yet — University ( Natural
Sciences Medicine) 34: 71 ~ 77 ( in Chinese with English ab—
stract) .

Rao MM Ramana D K Seshaiah K et al. 2009. Removal of some met—
al ions by activated carbon prepared from Phaseolus aureus hulls J .
Journal of Hazardous Materials 166: 1006 ~1013.

Sen G S and Bhattacharyya K G. 2012. Adsorption of heavy metals on ka—
olinite and montmorillonite: a review J . Physical Chemistry Chemi—
cal Physics 14: 6 698 ~6 723.

Sing KSW Everett D H Haul R AW et al. 1985. Reporting physi—
sorption data for gas/solid systems with special reference to the deter—
mination of surface area and porosity J . Pure and Applied Chemis—
try 57: 17.

Sun Shiyong Wen Ke Yang Bo et al. 2013. The preparation and ad—

sorption properties of novel active carbon/diatomite J . Acta Petro—

logica et Mineralogica 32: 941 ~946 ( in Chinese with English ab—

stract) .



720 35

Thommes M Kaneko K and Neimark A Vet al. 2015. Physisorption of . 2012.
gases with special reference to the evaluation of surface area and pore J. 39: 70 ~72.
size distribution ( [UPAC Technical Repor) J . Pure and Applied . 2012. Sr.Cs+Pb
Chemistry 87(9 ~10) : 1051 ~1069. J. 35: 57 ~60.

Wang Qiang. 1998. Adsorption of humic acid and heavy metallic ions by . 2015.
marfan stone J . Geological Science and Technology Information ] 46: 3009 ~3015.
17: 59 ~62( in Chinese with English abstract) . . 2001. J.

Wang Suxin. 2003. The characteristic and function analysis of Maifan 20: 131 ~135.
stone J . Jiangsu Ceramics 1: 1 ~2( in Chinese) . . 1996. J .

Wang Weiqing Feng Qiming and Yuan Changlai. 2005. A new inorganic 15: 25 ~27.
antimicrobial carrie——Maifanshi J . China Mining Magazine 14: . 1999.

41 ~44( in Chinese with English abstract) . J. 19: 115 ~119.

Wang Yixin Zhao Bin Chen Xiaofeng ei al. 2007. Adsorption charac— . 2005. J.
teris tics of heavy metals by Na — bentonite J . Industrial Water & 44 ~46.

Wastwater 38(5) : 55 ~58( in Chinese with English abstract) . . 2008.

Wang Yinye and Song Zengxi. 1996. The modified Main — Fan rocks can ] 31: 63 ~66.
be used for the development and the application as the adsorbent to . 2000. N
remove the compositions of the Lead Cadmium Mercury in waste J. 7: 87 ~90.
water J . Journal of Shanxi Teachers University Natural Science E— . 2013. J.
dition 10: 25 ~28( in Chinese with English abstract) . ( / ) 34:71~77.

Wen Ke Liu Guoqing Yin Yanzhen et al. 2016. Process mineralogical . 2013. /
study on the maifan stone in Qiqihaer Nianzishan J . Journal of Min— J. 32: 941 ~946.
eralogy and Petrology 36( 1) : 1 ~7( in Chinese with English ab— . 1998. I
stract) . 17: 59 ~62.

Xia Changbin. 2000. Kinetics of the adsorption of Ph>* ions with medical . 2003. J. 1. 1~2.
stone “Maifanshi" in aqueous solutions J . Environmental Chemis— . 2005. —
try 19: 436 ~440( in Chinese with English abstract) . J. 14: 41 ~44.

Xie Mingyong and Deng Zeyuan. 2000. Overview of the Maifan stone and . 2007.
its application prospect J . Jiangxi Food Industry 3: 6 ~10( in Chi- J. 38(5): 55 ~58.
nese) . . 1996. NEEN

Zhao Zhe and Wang Guoqing. 2007. Surface electrical property and ad— J. ( ) 10 :25 ~28.
sorption performance of Maifan stone J . Journal of Natural Science . 2016.
of Heilongjiang University 31: 87 ~89( in Chinese with English ab— ] . 36(1): 1~7.
stract) . . 2000. Ph2* .

19: 436 ~440.
. 2000. I
3: 6 ~10.
. 2005. M . : - 2007. I
31: 87 ~89.



