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Adsorption of Nonionic Surfactant NP-40 on Micron/Nano Calcium Oxalate
Monohydrate and Dihydrate Crystals
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(Institute of Biomineralization and Lithiasis Research, Jinan University, Guangzhou 510632, China)

Abstract: In order to study the formation mechanism of calcium oxalate (Ca0,) stones, the adsorption amount of
COD and COM with different sizes to NP-40 was detected by UV-Vis spectroscopy. Crystal phase transformation
before and after adsorption was analyzed by XRD and FT-IR. { potential of crystals after the adsorption of various
concentration of NP-40 (cnp4) was measured by { potential analyzer. The adsorption capacity of COM and COD
with different size to NP-40 was: 50 nm>100 nm>1 wm>>3 pm>10 pm. The adsorption quantity of COM was
greater than COD of the same size. The adsorption curves of COM and COD with size of 3 wm and 10 pwm are S-
type, while the curves of COM and COD with size of 50 nm, 100 nm and 1 pwm were linear-type. The absolute
values of { potential of crystals were positively related to the adsorption density to NP-40. The molecular model of
NP-40 adsorbed on CaO, crystals was proposed in this study. The smaller the crystal size is, the greater the
adsorption amount of CaO, crystals to NP-40 possess. Although nonionic surfactant itself is uncharged, it can be
adsorbed onto COM and COD crystals and increase the stability of crystals suspension by steric hindrance, which

is conducive to inhibiting the formation of CaO, stones.
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Fig.1  Absorption amount change of various sizes of COM and COD crystals with the concentration of NP-40
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FIRITAHEAER , TEB B 1 JFaR S, COM i i 2 T
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1 FEAR R 95 Ko 3% T 3% P 700 %) JSORT & A 3 T A P
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e Bk 2 5 O 2 W B TE AR SR TN NP-40 43 T
SN e SEEE A BEAE R, T OB T2 (B 2e), B
NP-40 43 i o R L L m St e SR/ &
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#*1 AER COM 1 COD H bt REFR AKX NP-40 H 5 K W% Bt = Fn 0% B 2 B
Table 1 Specific surface area of COM and COD with different sizes as well as the maximum adsorption quantity

and adsorption density of NP-40

Specific surface area
Sample

Maximum adsorption quantity Adsorption density

Sper / (m+g”") Ques / (mg-g™) I/ (N-nm)
COM-50 nm 26 30.1 L12
COM-100 nm 15 244 1.57
COM-1 pm 14 21.9 1.62
COM-3 pm 2 9.65 6.24
COM-10 pm 1 8.34 9.81
COD-50 nm 41 2742 0.66
COD-100 nm 21 22.83 1.04
COD-1 pm 9 19.19 2.05
COD-3 pm 1 5.93 4.26
COD-10 pm 1 372 4.54

* Adsorption density I (N +nm™) is the number of NP-40 molecules adsorbed on per square nanometer™. The calculation formula is: , I'=

Qm'N\

Sexr* Mypao

surface area of crystal; Mye is the molar mass of NP-40 (616.82 g-mol™)

, where (), is the adsorption quantity of crystal in cxp4=450 mg-L™"; Ny is Avogadro constant (6.02x10% mol™); Sy is the specific
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(a) At the beginning of phase 1

SNPIRPU s 13 3 S5 1S 33 S 15158

(c) At the beginning of phase 2

(b) At the end of phase 1

(d) At the intermediate state of phase 2,

forming a closely packed monolayer

(e) At the beginning of phase 2, forming a bilayer

() At the end of phase 2, forming micelles

(g) Phase 3, saturated adsorption

(h) Phase 3, saturated adsorption

(a, b) Phase 1: cypy<60 mg- L™, monolayer adsorption; (c, d, e, f) Phase 2: 60<cyp0<180 mg- L™, the alkyl chain upturned and bilayer

or micelle formed; (g, h) Phase 3: cxpi>180 mg- L™, saturated adsorption

2 NP-40 73 W MTE COM-3 pwm B COM-10 wm i 1423 I (149 2544 7 22 141
Fig.2  Structural diagrams of NP-40 molecules adsorbed on surface of COM-3 pm or COM-10 pwm
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Lo B R 38 E ) AT
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2.3 WFf NP<40 /5 COM # COD Sik#y ¢ BBk
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ANWTHE R (E 1),

A PE NP-40 J5 ¢ LA AR A AR N AN R fH
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ik £ 1) S0 T (-O-) 1] 5 R A 3 T ) 5 S TR L T
Fic 57 B, L7 B g, DT RIS ¢ fR A7 A AR 11 Fl
oy %% B BT B, NP-40 2549 =X an &l 4b Bis |, oo+
N 616.82, W I 7E COM ,COD K 1) NP-40 731
DR TR RS ], AE R S AR Y — 2 2 R]
B, AT BEL b 50 A B P B A SORE 43 1, 8 0 AU 1
fa g rkm Katepalli ZEN L) Han S5O IF 57 45t 3R
BH G SR 5 ) A B 2 T P ) R A% B Ok T 1
(Yt s SR VAN S P 7 N 1282 B | YA A OE = e
PR ¢ AN R R 2 R =150 mg- L™
I5F COM H1 COD A& A< 1y 82 B 2% B2 0 A A e 10 ¢ Lo
A, P S IEARDC ) B0, COM-3 um (11 B %5
JE fe K(5.31 N-nm™),NP-40 #2& fit i) 17 B /% 1 fie 91
BT LL ¢ A AR A B K 1E B R AR TR o
B TR 2 AR X NP-40 118 T B %85 B85 R 1 40 oK 4 iy
T I FE A ] enpao B BIOK AR AR 1 ¢ F A 266 X
KFGA S,

>
g
=
i
2 .15
2 . ©
220 4
(d
=25 14 T T T T T
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(a) COD-50 nm; (b) COM-50 nm; (¢) COM-3 pm; (d) COD-3 pm
K3 RERSE COMFT COD AT ¢ f o pi
NP-40 ¥ & 19 28 1k
Fig.3 { potential change of different sizes of COM and
COD crystals with concentration of NP-40

K2 T canr=150 mg- L B RY/4K COM #1 COD R &9 ¢ BB {3 F 0% B 25 BE
Table 2 ¢ potential and adsorption density of micron/nano COM and COD in presence of 150 mg- L NP-40

Sample £ in aqueous solution / mV £ at expao / mV Changed value of { / mV  Adsorption density / (N-nm™)
COD-50 nm -1.68 —21 0.42 0.29
COM-50 nm —4.11 -6.36 225 0.49
COD-3 pm -16.0 -217 5.61 2.80
COM-3 pm -577 -14.0 8.23 531
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24 AE R COM.COD & &3 NP-40 K W% Ht

EHti

FLAi 1A SE B ATLUEH, EREIRGT,
COD Y W Bk 5 24/ T AH B A9 COM f AR . 1 cypuo=
450 mg- L I 45 A B TR A L 1, ik — T
KM 7E il % COD B 6200 A8 s i, Wi 51 A T
Mg FIAF R AR 2+, (145 COD 2 1t vl REWL B 1 /0
I Mg FIAT B RR AR B 710, PR & A 3 4k
T AR FE AN 1 AN RIE ) AB AT R A A R
{145 B~ R R TR AR B8 2 B I £ B R L 0 A T
FEAIC T NP-40 5 COD fb iR 2w i /R I A5 . 55 — 7
I J& o COM Ml COD 19 2 Tl B 1 45 W A — K
COD 7 THI 2 % K i B[R AR 25 MK 0 72 38 1
COD E KM HEii T 2 1 i) JHE b iz et

PR R R 1 (U0 1 J5 ) 45 1 5 5t A =2 )
FEEMEAER, BKVER B /e fh2sE A
R (SRR I R =y TR il LA DL 4 =i
A DL S VR S e e R T4 A KA
Sk Rmg &, ook S S K R Ah

A Farmanesh 5248 | & & R M EE M (WN-COOH M
s A A T R0 3 o A A 5 R A AR R T Ca
BT B onCO0 ™+ -+ Ca®++ -+ 00Coppy,”, T
BH 25—~ 35 AT (Un-NHLy) DU 3 o 5 FL A P A5 5 el PR e T
LT I R AR ZE A TE R conCOO ™+ -+ HaN g
P T R R 5 02 2R K 1Y T NP-40 A7 FL iy | PRI I
245 5 NP-40 1% W% B R 7T 6 38 i i 7K VE F A e
YEF , SCHRPOR IE £, 4803 fh 25 1 3 4 751 ] 3 ook S
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(Larger black spheres represent Ca®, middle gray spheres represent O, middle white spheres represent C, and small white spheres represent H). The

schema showed that H-bonding interactions occurred between hydroxyl group of NP-40 and oxalate of crystal surface, while coordinative bond interac-

tions occurred between ester oxygen atoms of NP-40 and calcium ions on crystal surface
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Fig.4 Schema of NP-40 adsorbed on calcium oxalate crystal (a) and the molecular structure of NP-40 (b)
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Fig.5 Sedimentation coefficient of suspensions of nano-/ micron-sized COM and COD crystals in pure water and in presence

of 150 mg- L' NP-40 after placed at different times
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Fig.6  XRD patterns of COM and COD with different sizes after absorbed NP-40
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Fig.7 FTIR spectra of COM and COD with different sizes after absorbed NP-40
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