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W E: MAQAMES SEM) MEFABME (AFM) R T 4 8% PAA 5 PBTCA *t
CaCOs BHEHHMEMN. 4RXYE, 5 PAA MK, PBTCA ¥ CaCOs AREHAE T L
FEm. SEM R, EWMHOEHNATFET, BRYMERSEE T . KEHHE 8w
X BRYSANTEREMZ ™8, TRYERNS BELEZNK. XRD H4EW, HE
P E K, CaCO; SHFHREANSIERMK. ESENFET, RO LRTERSHX
AHRBEEASD AN LEBRELET. AFMHRERYN, HEEMSEEMLA, CaCO; AkEHE
BMEEZ K. FEt, £ T CaCOs REERE G M RIFARIHT T TR,

x # #\H: oM BKRES: 9FB; AFM

bESHS. 0648 NHIRIAH: A
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BREEEAKARAPI ZHE B—HEEMNIME, ERNMZHTHRE. 8
B, MR, &K, B%., EASHE]. CaCOo; HASHREER BRE. T HE. ERE)
MEM (FBRA. XA, REBA), SHRVAELRFENY AEE.

SHEFI CaCO; WRUEARSHBEFEENER M. —kY, HEFS TFER
W R F CaCOs; ik R AT RAITHAL, HATHEEAK AN, HEB CaCOs WK,
HERABRYHERKERXE. % CaCO; H=FEMHF, FROEXNZEREHE, REA
HBRAREM. ELSBFFET, EAMNTREAMCAMAER 3. B4 81k, AN
RAETEFHREREMM S T3 GLE 8 L L.

AXRAFFHSEHBEEGER (PAA) K 2- BT 5 -1.2,4- —%R¥ (PBTCA), BIxH
Xt CaCOs JIRMERWEMILE. XA SEM MM THBEYE R AL, FHESEELIG
RYERGSEBEHITT 2. FHXRD, MHEIGEFELES D F CaCOs @y BT T 4
M, HSHEBRmER/NETTREK. RARTHEME AFM) ASUKRE EX RS RE
ERMARERBHTTHR.
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2 LRES

2.1 XXBHME

STHCHI A PAA R PBTCA(K ML Y64L T ), PAA ¥ ¥4 FBH 2000. 274 CaCly
K& NaHCO;3; A F#il & CaCOsz WA BEW. CaCOs MM ALK AK M ZEEK.

2.2 CaCO;Hmmtl&

BT CaCOs MBPRERAMERENATMRMEAIFE, REEMRRE LN LT
R AXHAX—8HE ENRBETH &Y CaCo; MITREHS, UM THEHSE (SEM)
METHBHME (AFM) BFE.

VIR RS H R, FEERMMER RS ESHR. MKW H CaCl, & NaHCO;
B, HMREESFIH 0.6g/L #1 0.8g/L. LR, WA B iR Ik, ESEIRE, CaCO;
TR TFMBEERE L. B ELTRFHEHMA, PAA f1 PBTCA 8 HEH K Smg/L. K ¥
#47 5h, ELBEFE, CaCO; MNRERHMEEHTARUERE.

2.3 CaCO;ifREBM4SHF

B XRD #F RAX-10 B X ST WY EXT A BA#ITEE (Ni g CuKa B, A\=1.54064),
F# B SEM(KYKY-2000 &) f1 AFM(SPM9500] &) MEBMEHRYER.

2.4 NRYTRSBENRE

ESHFFESAFEEMER T, CaCO; MBYHERERIA LS B AR S ARmE
HEHRSRERAETEERE 0 HARYET SEM FLE:33# LK% PHOTOSHOP
FRROEERELER n xnx8 bit WHFEAR REZRMEILRFEE, B nxnxnHir
FHRETF ZFHEZMETEAENETHRERENRE, FitaomEb .

n—ln—1

Df =limpoooln Y Y Byj/inn (1)

1=0 j=o

Xf, n ALFEETFHUK,  FARFERNITSES], B; AERKNKEE £4F
i, n=64, 128, 256, 512, 1024, 2048, 4096, 8192. XHFA n {8, HIE (1) LWKE
Bl—AHHN B E D ETIHEVGEENR, BAERBEAW B, ELELH
B, W BT 45 30 A% BR 4 4 {8 Dy

3 &R

3.1 CaCO;fy SEM R RS Ri8HERK

MAREREMAE R, AWM I Smg/L PBTCA R il 5mg/L PAA =%
HE, CaCO; MIMEBRE TSN 0716 . 0.425 % 0.213mm. B 7] 5, #£ PBTCA 4 TF
MR BEEER PAA fFET#, K9 PBTCA 3 CaCO; WM E W PAA K. ZER5X
W7 BERE—BY.

1Y 7T ER=FMERT CaCO; VIR MK SEM B Z. X CaCO; Kif, A =F&AH:
FH A (calcite, ), X f (aragonite, $17) RER&E A (vaterite, BRIE). HEA T LUEFEH,
ESBMAELET, CaCO; GMEETHE HFBENXARRBEOLHEE. ZHERT



3 # HclE, 2. PAA 5 PBTCA X CaCOs i 145+ i 5 561

CaCOs Ky XRD #E N 2 FiR. & R & ReyE Rt g RmE 3 pR. mE 3 T, b
FHmRmEL, REATREK.
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B 1 CaCOs Wi BE IR A
Fig. 1 SEM micrographs of CaCO3
(a) In the absence of inhibitor; (b) In the presence of PAA; (c) In the presence of PBTCA
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F 2 CaCOs iy XRD #H
Fig. 2 X-ray powder diffraction patterns A 3 CaCO; WE@mMHES & &
of CaCO3 Fig. 3 Crystal forms of CaCO3(%) in the ab-

(a) In the absence of inhibitor; (b) In the presence sence or presence of inhibitors

of PAA; (c) In the presence of PBTCA

Ffa N CaCOs =M RAMHFRAERBEN RN, REAABRAREHEHE. ERE
AR BT B s WGRI B, 7 AR AT B SCH BRI A LB B Y. #E CaCOs MEMBAIMEW R, BR
Ba R VIR IGAE, FHBH R R RARAE B RMESMNEET, HHKE
HYZE RAZEARENXGHNRBEAGRESBANFETES A Z EHBREEE, oF
DL L & M RE MR A R B 7R ) ; 7E4)WUH HEDP W E T, BBARBA N THEEH
A, T DT A% TR B U R BRI T ). ZEABF TR, PBTCA RYBHLMFRE M PAA K. HIt, %
PBTCA R, MHMHRBOENNZ LA REET, RERSBRORBAHELN
XAEMIT A BFE PBTCA F7E T, REANEZERAM. T PAA #yFH#F & PBTCA %
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N, FETE PAA FAET, WIRMHBREA AR PBTCA 778 T AR FEBUA ZOM R E £
HEXARTRE R RESE. 5 PBTCA RN, XAMTRELR, REAE
B, YERASEFFER, MEERBARACNBUES, HENRELSRED.
SR X CaCOs BELHERE W /N5 FL R T G2 A& BB 0 2% UL, 4 0] BEL ¥ R mr iR K,
HEHRAMSRE. PBTCA i -P(O)(OH), A AAMEMEE S, BRRAIRMT

CaCO; Sk #ETE . PBTCA A FHREEMMRE, XEHRE, MPAASTHERARE.
E ., PBTCA {yEHBE S /15 PAA EiR,

e - FLUL MR B PAA K.
Caont na 3.2 CaCO.¥ERM SR IE SH X R

HE 1 TLAE S, EAEAFET,
CaCO; W EH K REI T Tk, WML
SEFANERKT . Bk (1) HE 1P
CaCOs Wy T SLHAT SR H, SRINA
4 PP dE TR th, S BONEAET,
VBT S R MK T . I LR
WK, S AR % PBTCA 778
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Crystal forms of CaCO, / %

Inhibitors R E S BA L PAA FE7ERT E KA
M4 BEEEH S RERGER S 4EfE.
Fig. 4 Relationship between inhibition effect 3.3 CaCO;fy AFM HIRER

and fractal dimension values & 5 & CaCO3 ﬂfﬂﬂé%ﬁﬁ’]iéﬁ AFM

EI%, P64 5 o BriR s A B RCR #4)
MNEFRTUESL, REREESAT ENXNGBERERK. EXBHAFET, GHHEEZRET,

3 H#E PBTCA FF1ER & B 6] BE /& K-

y

foay
. S E : e 00 : 0.00
(2 3.00x3.00um, Z-max 207.26 nm  (b) 3.00x3.00um, Z-max 261.15nm  (c) 3.75x3.75um, Z-max 64.17 nm
B 5 CaCOs BI=% AFM E{&
Fig. 5 Three-demensional AFM images of CaCO3

(a) In the absence of inhibitor; (b) In the presence of 5mg-L~! PAA; (c) In the presence of 5mg-L~! PBTCA

Bl 7 % CaCO; IR M Pt AFM E %, 340 51 b BRI 7 e T =B 5
i P8 LA R ML . I 8(b) AT LAE A MR LT R 1. L AHRIH,
EHMEEESRETL, EXENELENRIE—E, HEIFBEREGHHERL H
8(b) H1 5 MR M A B KRB N 1.79nm , HEA G B FHEE b K 0.3580m, EHEH
[EIEE A % 2.26nm. X 7(b) . (c) WA RS, GRN%E PAA FETREANGH I TFARE
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h % 0.214nm , & WTIRIEE A FH K 3.13nm ; £ PBTCA R, h X 0.357nm, X ¥
4.28nm. HLTTUE S, ESBFFEET, GHMEERKT, HEHEREwREX, GHHE
ER. XE5E6 HHBERE .

B 6 R BORE S
Fig. 6 Enlarged sections showing the detail of areas marked in Fig.5 (Image size 415x415nm)

(a) In the absence of inhibitor; (b) In the presence of 5mg-L~! PAA; (c) In the presence of 5mg-L~' PBTCA
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B 7 CaCOs fy =4 AFM E1{
Fig. 7 Two-dimensional AFM images of CaCOs3
(a) In the absence of inhibitor; (b) In the presence of 5mg-L~! PAA; (c) In the presence of 5mg-L~! PBTCA

14.76
{nm] @ (b)
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B 8 FAMEUN B CaCOs I J1ALH & B 5 B ML B
Fig. 8 Typical height profile of steps on the CaCO3 surface in the absence of inhibitor
(a) Measured along E-F; (b) Enlarged section marked in (a). Step space A=2.26nm, monostep height 0.358nm

KK CaCOs ik R T & i & WAl & B 18] 8 - & AR Ay, B o s 7R 68 & Br

4 EEHTERGEGER, PRENEKEHBRZFHEMRTRE. HREH,
CaCOs B2 & M BE ¥ 0.2~0.4nm , X5 Hiller £y 25 £ & —3#y 1. AHr#E B 0.3£0.1 nm
FRBRERAR A 45 2 gy B R B (12,
3.4 EMEESHKRSEEBHXR _

B ONEMAEESHRSEEAGXR. HETH, HERKFEREL, HEEEX,
AW EESREL. EESBHEER, REFRFOENEFREN, ATRNE P HE
SRR, BHGEHnEREN 1B SEHSTRMTF ARG H AL, HE




564 PPN R S 17 %

MM RRYE, RHRE ERERTENARHLEHTER RMEHIBHTTE: &
BRFAEHERSE, REOSTL P GESBHEET, ERREFLEHNEER
8, BUEGMIEES KA. BT PBTCA ¢YFL#BURE PAA IF, HOW & Bz 3 By FH kAR
A, HRESHMEEBRK.

5 3.00 .
o 12.98 4 %re
o

. %_" 2o #F SEM 1 AFM R T 43 8 PAA
80 79 low 5 PBTCA % CaCO; BEEEMK LT . &2
il °/ }z.sz"E’ #%], 5 PAA #itt, PBTCA i CaCO; #
Al 1’-‘”3 VR REHEAMG LW, SEM R, %
' . FROBFIMELET, MIRYHESEREE
0 . . , 206 TN FEEBEWEA, JIHEYRTE
B enremgtt FREMZTE, URYERYSEEBE
ZH¥K. XRD HATREA, BEE R
B9 EMZESHEEEKXE K, CaCO; GHFTHREBEAWIEMA. &
Fig. 9 Relétionship between step space and frac- AERGEET, fh2 LB TRARE
tal dimension value ﬁﬁE})‘\@ﬁj}#Lﬁ%%ﬁT AFM B3

FU, HEHBFEME KR, CaCO; RUERTMEEHMEESLK. MK, KAT CaCO; MR
BEMMRFAR. MEHTBEMEA, CaCOo; BRS-HEEKR, FHEEBEHEX.
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Effects of PAA and PBTCA on CaCOj3; Micro-Structure

YANG Qing-Feng!, GU An-Zhong', LIU Yang-Qiao?, ZENG Hua-Rong?,
DING Jie?, SHEN Zi-Qiu?®

(1. Institute of Refrigeration and Cryogenics, Shanghai Jiao Tong University, Shanghai 200030, China; 2.
State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of
Ceramics, Chinese Academy of Sciences, Shanghai 200050, China; 3. Institute of Chemical Engineering,
Dalian University of Technology, Dalian 116012, China)

Abstract: The effects of two dispersant, polyacrylic acid (PAA) and 2-phosphonobutane-1,2, 4-
tricarboxylic acid (PBTCA), on the calcium carbonate microstructure were studied by using SEM
and AFM. XRD analysis demonstrates that the content of vaterite increases with the increase in
inhibition effects. The metastable crystal forms of vaterite and aragonite are stabilized kinetically
in the presence of dispersants. The fractal analysis result shows that the fractal dimension is higher
in the presence of dispersants. The better the inhibition effect, the higher the fractal dimension.
The step morphology observed by AFM images shows that the step space on the CaCQj surface
increases in the presence of dispersants. Moreover, with the increase of inhibition effect, both the
step space and fractal dimension increase. Step bunching was found on the CaCOj; crystal surfaces
by AFM and discussed.

Key words dispersant; calcium carbonate; fractal; AFM



