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Preparation of Waterborne Micro-nano Thin Layer
Graphite Anti-corrosive Coating
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Abstract: A new method for the preparation of waterborne micro-nano thin layer graphite materials by
expansion-dispersion-sanding was proposed and successfully applied to waterborne industrial anti-corrosive coat-
ing. The morphology, width, thickness and particle size of the prepared waterborne micro-nano thin layer graph-
ite materials were characterized by field-emission scanning electron microscopy (FESEM), atomic force micros-
copy (AFM) and nano-particle size analyzer. The corrosion resistance of the waterborne micro-nano thin layer
graphite anti-corrosive coating was evaluated by water and salt water resistance tests. The results show that the
thickness and width of waterborne micro-nano thin layer graphite materials are 5 nm to 27 nm and 5 pm to 50 pm
respectively, and the average particle diameter is about 17 pm.The anti-corrosion property of coating prepared by
waterborne micro-nano thin layer graphite materials is good, and the sample board is the same as the original
board after soaking for 720 h, which far exceeds the standard requirement of 48 h. The volatile organic content
(VOC)of the coating was less than 10 g/L, which is much lower than 300 g/L.
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Fig.1 DSC-TGA image of expandable graphite

6], £ BBk TR 2 30.2 %, IR X R DSC i 28 1 A ik
P E 5 7E 700~850 ‘CIX ], 2k ER A, 5
DSC 4 - 1 AR Xof g .

T (XHD103) , [ 51 1 2% ¥ ik 1k T4 BR A
A 5 BN B R (BEfR-12) , M AR R S AR A W £
RWEER R, WU 2R 404k T A FRA B 7R L FR 4 4
LN 24k TABRAA &5 H AR 51 (2C804) , )M
i TR R A B B 5 R BT (KHS50) | Fg 5t A3
e T AT BRZA & 5 40 B (DS-172) , K EB % 3E SR 8 b
A RS 5 AN L, T R 3R AR TR A A BR A
A 5 BRI (KS-275) , 55 F R A AL T A7 BR A A 5 k4L
Ky CRARER LT 130) ) M B © i TRHE A IRA R A
By, DU IHE 2 5 2% B i 90 A IR STHE A /) s — Rk
M2 40, I ZR T DL AR T BRAA | 5 4, 1T B 5 0 R
B A HT Al TH B
1.2 UF|/iEF

SDT Q160 #Hr X, & TAALAS A 7] JT-1°K
s h P P 2% NI A2 FRA B AU
B,k BE T AT RE BT 5 YL8022-C B BU{E L 25 S
AR ENAIL, R EE T R B RS AL s SDF400 43 1
WEEHL, SEM 7 DAk THLI 5 7Y 20002 HLF KF,
g SR FE PR AR A R B GZQ R BT 1 it
V) 3 60 7 , I VA IR AN 25 38 £ A PR 28 W] 5 90PLUS 44
Kok B 2y AT A, 38 [ Brookhaven 2 7] ; Ultra55 & 43
PEVe b & G B T B 5 (FESEM) 20 B R 46, 18
[# Carl zeissNTS GmbH; SPA-300HV 5t + 11 2 i
B (AFM) , HASHKS T2 7l s AN-Y W-200 48 25 i 56 15
2 TR T 22 RS I 14 25 A5 RS )
1.3 RWHE
1.3.1 KPR W2 A B i a5

DR B (5 2 43 80, R IR 2 K 70.0 %6 e By
N 2.0% B 1.0% 43 8O 1.5% 1T R ik £ B
5.500 JF& LR AE Z KW WK 20.0 %6 ; LAk, A &=
TH TR LA 58 T 96

il A5 SRR — 0 0T I RK A AR T
I BB 3 450~500 °C, BB TCHAE Y, 58 iR
R K, B0 R Bk A BB K 5 4R e AR JEORHIC LE AR YR
HE IV S5 5t 43 5014 R I A B R R B R L BB R L
BRI LR R LR AR Y Z KW S KR A L
UK e BT B G b A BRI ]
A AFBIKPE AN K 2 SR A
1.3.2 KPS K W2 A 25 B B Rk 1 i 45

K B 6 U Rk SRR EL < UK 15.0%6 L B B Bl 5
0.7% AW FW 50.0% BR LBy 7.0%0 . 2 W R 4



1020 @®mOs M

B

524 %

3.0% . A B 14.0% . W i R 41 0.2% . = R B R 4
5.0% 8 LB A4 KWW 5.0% S8 HH 5 0.1% ~
0.3% B JE 5 0.1%6 s LL Ak, Jin AGE 5 7 76 590 A i & 43
BT A 58 BT TR

JK M B v R A T TR T e AR SR K
UM G B8R0 3 96 550 L RS B 341, 5 1 48 39 50 J5
AR ELW , SR HE s B A SR 2 RuER
BE AR AE RN — RBERRAD R U L A
P& O FEET Y F KW RN L R B 88 501
W BE 0.5 h LA b, F 0.125 mm i 4 38 , 4145 /K 1 B

K AN K 2 A B T U R R T 1 o
B KR BT T8 Vi Ak T 5 DR L v 1 7K F kK 1 B
YRR A BRI AR D BRAN AR A5 K M oK
WEZ A1 2B B U R
1.3.3 B R 2 i 1 2%

i 91 80 AL B # H 4F F 10.0 em X 10.0 em X
0.4 ecm R, W4T ER LG KR E
Ve TG B TR ot T S O K G A Y B
JE VRN AU AR R R b R 1B S A AR BT
TG 5 T B I 5 ik 2 38 5 AR B, T K
K6 s W v 20 2 180 i A SR BT, FH T 1 R K PR R 56
45 Y 3% 6] B 24 h( I HG /T 4758—2014¢ K 1 15
IR R LR .
1.3.4  TREEMERE I

SRR BAGI J 3 0 22 7K P R A 2 A B B
JEE VR B 1 B, A U B o R T TR M 1 T

K TR K P A

(DR MEm K MRS 4% GB/T 1733—1993(#
JES i 7K M 3 ) #E AT A 59, % GB/T 1766—2008
(BEMBE  WEENITER T R IATEE RV E .
FEH IR T BB B B 2 K Bk 25 B K
(R K K R IR RE AR Y 2/ 3 ACFE TR ET LA R i = /D
24 1 Je DK LS 5 FH D8 AW Bk R R B R T, 0L
FEIP L IR A RO B B R
M4

(2) % BT ok PEA 30 # GB/T 9274—1988
C FTE B AR A o0 I ) AT R 5, 4%
GB/T 1766—2008 #4745 RV E fF 8k h FEAUR A
JT 53 Eh 306 B NaC L il b, ik v FEAl Y 2/3
Ab T LR R RE IR I 2 20 24 hR U 5 g 4R
FRRE B 3R 18 B 25 58 A% M R IR, WL 58 O i SR LR A5
A R A B RIES .
1.3.5 FIEFE

R A BT AT A B R i AT AR A BT 5 R
o RS B & SR T B BT (FESEM) R 7
18 B (AFM ) e e AiF 7K P 3 4 ok 2 A 88 41 k)
(4 D S50 245 A6 | JRE B R B B2, O SR O B B2 3 B AR
X FORLAR $E AT 2 AE F 43 BT

2 FHEMITiE

21 KMEBMAKEEREMHBORIESHHT
X 7K P B g ok 2 G SR R R E AT FESEM,
AFM FORi JEA T, 45 a8 2~4 ffi 7

(a) Thickness of material

H P& 2 AT UL R PR Sl A= A 2 R R BB ]
VLA BOH , FA YT, R F 5~27 nm. H

(b) Width of material
B2 Kok B2 A 3k R FESEM #

Fig.2 FESEM image of waterborne micro-nano thin layer graphite material

HE 2(a) 9 A 58 2R 29 18 nm, B8 2k 5~50 pmy;
2(b) 1 88 )2 S8y 7~10 pm.
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Fig.3 AFM image of waterborne micro-nano thin layer graphite material
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Fig.4 Laser particle size analysis of waterborne

micro-nano thin layer graphite material
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Table 1

Properties of waterborne micro-nano thin layer graphite anti-corrosive coating

Project Index (HG/T 4758—2014)

Waterborne anti-corrosive coating

Waterborne micro-nano thin layer
graphite anti-corrosive coating

. . After mixing, there is no hard lump
State in the container . .
and is uniform

Volatile organic content

(VOC)/(g-1L.™h =300
Constructability Barrier-free

Flash rust inhibition Normal

Appearance Normal

No blistering, no shedding, and

W ater resistance
slight discoloration (24 h)

Salt water resistance
(3% NaCl)

No blistering, no rusting, and slight
discoloration(96 h)

Salt spray resistance

After mixing, there is no hard lump

After mixing, there is no hard lump

and is uniform and is uniform

<10 <10

Barrier-free Barrier-free

Normal Normal
Normal Normal

No blistering, no shedding and no
discoloration (=720 h)

Blistering, no shedding,
discoloration (>48 h)

No abnormality No abnormality

No blistering, no rusting, no No blistering, no rusting, no

cracking and no peeling(96 h) cracking and no peeling(96 h)
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(a) Waterborne anti-
corrosive coating
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Fig. 5 FESEM images of waterborne anti-corrosive coating

(b) Waterborne micro-nano thin layer
graphite anti-corrosive coating

and waterborne micro-nano thin layer graphite

anti-corrosive coating
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