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1.1 TBREHFMEAH

Nana Scope [l a PHE B8 AFM BH S
T fE 2 —, % H Digital [nstrument 7% &) ; RS150
A543, # B Haake 7 7] ; HPAM, 5> F & 18 x 10°, K
BE 3%, AEBRASEEAE &£, BLRE
3000 mg/ LA 4% F . BLR, & trd, b il R
T4 7=, B2 /i, 2000 me/L B3 & A1 . My BE 3 BK AR .
FEEE CF ACBRAL A M.
1.2 CDG HmME&

EHEBHIORMNES KBR1FARM
W' ~ WS* (41 BB B — & & ) HPAM £ 3 FO 5L
B EHR , I A — 5 B B9% 4000 mg/LNaCl i 218 /K
MEERR CF ZCHCM, RIF R AR 50 mL, K #
HPAM ¥ J& 43 5 25 400.800 mg/L, Cr'~ Z BE ) 3k
43804 0.70.150 mg/L HIPE WL RN E,. R L
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ME HA T0CHABREL I X, JZBEAER
-t CDG.

BH 282 HPAM SR HRKRER TS
BINER T, DA —E B & 4000 mg/LNaCl )7 18
KAMEEZBA, e SRR SO mL , AL 4 &R
RFE1PHRYI" E Y BHXBEREER,
WEHSE . BHAEEESY . BREFHO , AEH
A SOCHE T 6 X, B &L HPAM-B AT #L
LR CDG.

1.3 EFHEREANNEREENT

B 10.L CDGC ZEFREBEN=BHR L. EE
REBGRE AARE. BB EFHR . KST
SERL , S Fl Nana Scope [a I #EE 8 MR WM,
HEH AR A SN, &4, BB K EH 200 um,
HEEROI2Nm, FAEMESEK, FAHE
BREEEAEXT EE BFEEEA RN KX
28 CDC MEHEE LR IEHE THENE
8 .7E RSISO Wi U+, EHEE N4 MR LR
GMERGEX, RERGHEE 5 0.1000 Hz, ¥
EPRTERIEZR CDG AR MR

Table 1 The compositions of CDG in the two kinds of cross-linking system”

Organic Phenolic
Sample HPAM Thiocarbimade crosslinking Sample HPAM Thiocarbimade crosslinking
o (mg/L) (mg/L) Cr** reagent o {mg/L) (mg/L) reagent
{mg/L) (mg/1.)
wi? 400 50 70 Y1’ 400 100 ]
w2* 800 50 70 Y2* 400 100 150
w3 400 50 150 Y3* 400 100 250
wa* 800 50 150 Y4* BOO 100 0
ws* 800 50 o Y5* 800 100 150
Y6* 800 100 250

* The concentration of each composilion is established by many experiments,and the system can be gelated in the selected concentration range .

2 HRE5iTe

2.1 EMLTEME R HPAM-Cr'' CDG FIRANE
#

ARFHBME . E S0 um WHEEEAN, R
fIddELFRRB WL ~Ws* S5 A8 (H$
W5* HBE M CF* BRI MHE &) MBS BT
TN SREN, EMNBEMNBERNDESH
(LA 1-~-5), ARHTHRARE, HEEKH S E
BEEABRKER AR AL KX 19
ARG HPAM RE SER 1 ~5 P B8
BHMERmMUXT L, T EE EERES S
HPAM ¥ BE 38 K, 3 ETE S i 25 B, HPAM &
H. N AE S RIIETUESL, 28 ws'
HAERMEZBRAN(FEEREN)FRES. HE
HwEHHMRRRER DB . TR, A E
AEHARERMERIELEHEROLESR
H ATHAESTTULEHZEFMNALEEZ P
X CDC WHERAEWIEE=E—EEW . A
CO'XXEAM wa'* Bk ¢ ZTEAM
W' S H HPAM I RRE T 2 MHE, HHE
4HBES WERARENAEESERFHE. XM
Wi SR W3* S HPAM FI 5T BR % B #5 A

F,ARGEHEPMAN C TBEAMEKER T
H# BHEBNTEEROERASHX S 6iE
MR SERME 2% mEEMESE & 1K
THA BB IEH HH.
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Fig. 1 AFM image of W1* semples in the scanning range of 50 pm
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Fig.2 AFM image of W2* samples in the scanning vange of 50 prm
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Fig.3 AFM image of W3* samples in the
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Fig.5 AFM image of W5* samples in the scanning range of 50 pm
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SO um WEMBEA.6 MHER(F2TA
FWER HPAM WA B EA B HEREY
SEEER EHET HX BEHRARAEER . &
WERXIK HPAM-CP” CDG R BT EH . HE
MILMESLEER(MEB 7~ 12), ME A&
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Fig.7 AFM image of Y1* samples in the scanning range of 50 pm
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Fig.9 AFM image of Y3* samples in the scanning range of 50 pm
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Fig.6 The three dimensional image of W6*

Fig. 4AFM1magenlW4'

T HPAM ¥ i 38 K ok By B 38 1Bk 700 o [ 08 KB, A
HEHMEEEXREEYN B TUPRKEEEE
REEK . HIIN Yo' £ HPAM 3K B 1% B X BX 77
WER KK — CDG &, EXBRI B PERBHX
B ENXBRREREL, CRBARX &, 417
SMRMEASREN, T LUEHOEXBHOR X
K. HAHREE.

25.0 SOOF“T‘
Fig. 8 AFMInganZ' samples in the scanning range of 50 pm
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Fig.10 AFM image of Y4*
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Fig.11 AFM image of Y5* samples in the scanning range of 50 pm

2.3 BWHETBAEKR CDGHAXRRERN
FBAFREEG, WM B FE R HPAM-C”
CDG if & HPAM-B B CDG, A ERBEALE
CDG BB s/ 1 AR 43 TE ik R 2 e (B T e A K /s
FRETEAMENREER(LE 13/14) XH
247 U1 1 43 7 ( Section analysis) , 13 B E i1 49 SR
ER(FEHHMAE. M U bFENBRESE
B.EETARSI LA RKEE, ARIFTEHE D

e, BB LS T H RN EE). %2
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Fig.13 AFM image of W5"* samples in the scanning range of 800 nm
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Fig. 12 AFM image of Y6*
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Fig.14 AFM image of Y6* samples in the scanning range of 800 nm

Table 2 The relation between the particle diameters and the gel intensity

Sample no w1 w2 w3* wa' ws* Y1* Y2* Y3* Y4* Ys* Yo'
dismeter( nm) 166 25 60 23 153 146 102 54 125 45 39
G'(Pa) 0.0561  0.261  0.1991  0.266 0.118 0.210 0.165 0.218

* The elastic modulous ( G’} of W5* .Y1* .Y4" sample can’t be determined becanse they can’t be gelated.
' values can’1 be determined on the condition that the sequence( f} = 0.100 Hz.

2.4 XBME

MERHETRERS, RATT LA M T
M.

(DAERBRECGRMEZENNELTTR) . &
R CDG, ABEREMA CF" 32BN A J By B 32 B
# CDG,7E 50 pm AR EA T RAHTRZMER
MBS, ARH T ARG EE LB
701 &% o BE A [0, 4 it B 4 R0 B P ) 3 4 LA B
RESHFARNE XRARRHOBETER
HBRASBREEEN.

(DFERC XBRERERBBIRER,
EABKFIME &6, fiE HPAM ¥ i /38 X, &
BAERKRE (R 50 pm MEMAE)  EREHEL
BB R BN E]S, W WI1° (166 nm) > W2’
(25 nm) ,W3* (60 nm) > W4° (23 nm), Y2° (102
nm) > Y5* (45 nm),Y3" (54 nm) > Y6° (39 nm) . [
LRAYNRE —en A KBRREAED, &
BRATEERE, RFEAETHBRE 2R
A/, 48 WS* (153 nm) > W2* (25 nm) > W4' (23
nm),Y4" (125 nm) > Y5" (45 nm) > Y6" (39 nm).
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MEE AR AR/, AR MR R N R
WaE MY TEENEENENTRASE T
100 nm B}, H 3T RE 40 CDG BESM BB BB EANFTE
N,

(3) HPAM-Cr'" ZZ I (K 3 I HPAM-B3 B 35 BX
ER BATEENZTERNIHEAR, B fmER ST
MEERAER . M A—FoEEFH CDG,
HomawbhEsl2d TERASBPIEEFF
A |5} W
2.5 #H—FHHR

XTEREFHSESHENVERFR EE—T
HHASR AFRBERINERA,AMNCRET
“EF-EAREETERY BN HE
PR AT - P R " B R N R BB B -4 I
B RA XFWAHEARC AR T ARK
EhMAaERE B HERMRN BREEK
EHREFAREREE FELFNREDRE,
HFHEARAAMTHERSSHEHRNER. 2
PHAAEIMERUMHARERESE, HU EH A
BRAEHREEI1~-STHRERERTHAES
W B a8 E it B E IR AA Y W T R T
B Ay 1 8 54T 0 M B 5T N X R) B o iR
ERMNERNER, S F RN EE ST BRI
BERER-EHAEREAERE — R B ST
BRTES TR,

AXMTREH BATEAKNFTERE D
Xt CDG J& s 8 B R 2316 B9 JL ol (L 55 1 08 A R
M H3Z BN TR BN & B fEH . A

KA, F RS BERUEE , KW BCR B IE S
BHEEERB WERSEANIEREEREXRT
100 nm, 25 30 1 WY@ A H k4R 0] Il CDG {4
S5 B9 W BUR 2HE TLART B IE I SR & Xt CDG # 3
BEAT AP, {H HOE X 4 P R R R E
RNV ZERHMNBRGEERM ¥R .
ERFRFZAMAZEMNE CDC PR RS
EEM I FRENR, MBAXKANNERSH
WERSEEHENEREEN A 2.3 THX
KRR LIS A, ¥R E R T AR R
ARSI ETRREWRE h& 207, 9%
2 (< 25 =~ 100 nm) (¥ B 1 08 14 BR B9 70 TE S5 1R 9
CDG H¥MtH#E 'Rk EL - M RES.
BREFRESEN W HEEEERE BAXE
BERE BE R Kb T R BB (| TR R T/,
bR EARK, FEOBUR R ) SSB S B R R, BN
(] f 32 K 3 B 38 tm ) LR B 4y T A A A Rl o
SN ARER . LR iR, 8T RS 48
E B0 AR A2 B, B TTAR M M BROR R A R
viwi AR AR CECSTIE 2 €15 5 % 3 OF 3 VA
HIXEMER . BE2R AT LI X SR e 57 L
A AE AR B B/l £, AERRBI A A KRR E |
— 4 B RPRCAR 3T B O B O ) R K /s L3k
ERHXENEER.

B HBEERAEVAREFEE AFM IR SR
TR Bl (R B e R 1 TR T A O B SR R Y S E
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SELF-ASSEMBLY FRACTAL STRUCTURE OF NANOMETER PARTICLES
IN HPAM/CHROMIUM ACETATE AND HPAM/PHENOLIC ALDEHYDE
COLLOIDAL DISPERSION GEL

CHEN Yanling', YANG Wenhua’, YUAN Junhua', HUANG Dinghua’, Zhu Huaijiang' , FEI Qi’
(' Faculty of Material Science and Chemistry Engineering . China University of Geosciences, Wuhan — 430074)
(* Branch School in Hankou , China University of Geosciences ., Wuhan 430074)
(* Faculty of Earth Science , China University of Geosciences, Wuhan —430074)
(* Research Institute of Petrofeum Exploration and Development China . Beijing  100081)
(% Faculty of Resource , China University of Geosciences, Wuhar  430074)

Abstract Many scholars have made contributions on the formulae of the colloidal dispersion gel {CDG) and the
factors affecting on the gelation performance. However, few reports were concentrated on studying the microstructure
of the CDG. Polyacrylamide { HPAM )/ Chromium acetate and HPAM/phenclic aldehyde colloidal dispersion gel ,
which come respectively from different cross-linking systems,inorganic and organie, were studied by the microscopic
image analysis with the atomic force microscope (AFM) . All of the CDG is founded to present eventually a self-
assembiy branch-like fractal structure under the scanning range of micrometer magnitude, and the fractal of a single
twig was formed by compact stock of nanometer particles on a smaller scale regardless of the concentration variation
of HPAM and the cross-linking reagent in either inorganic cross-linking system or organic cross-linking system . It is
revealed that formation and morphology of the branch-like fractal structure depend on the concentration of HPAM,
and the presence and conceniration of cross-linking reagent only affeet the topography of branch-like gel fractal,
Moreover, the experimental results demonstraie thal the elastic modulus of the gel with the fractal structure formed by
the nanometer colloid particles is higher one order of magnitude than that by micrometer ones, and that the smaller
the particle diameter is,the higher the gel kinetic stability is.

Key words CDG, Inorganic cross-linking reagent, Organic cross-linking reagent, Fractal, Nanometer panicles,
Self-assembly



