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Study on chromium-free sealing process of phosphating film

Li Qiong', Li Xuyong', Wu Ning', Xia Yuan', Zhang Dongsheng', Wang Chunxia™
(1. AVIC Hongdu Aviation Industry Group Co. , Ltd. , Nanchang 330024, China; 2. College of
Materials Science and Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Aiming at the toxic and harmful problem of dichromate filling in phosphating film, the
formula and process of chromium-free sealing solution based on the alkali-soluble polyacrylic resin
were designed and developed. Taking the dropping time as the evaluation index, the effects of the type
of water-soluble resin, the type of alkaline cosolvent, the content of silica sol and the type of cross-
linker were investigated through the single-factor experiment. The main components of the sealing
solution were determined to be PAA 671 resin, ammonia, silica sol and zirconium cross-linking agent.
The influences of ammonia, silica sol and zirconium cross-linking agents were investigated by
orthogonal experiment. The results showed that the content of silica sol was the most important factor,
followed by the zirconium cross-linking agent. The concentrated sealing solution group was 17.5 wt.%
PAA 671, 14 wt.% neutral silica sol, 14 wt.% ammonia water, 0.14 wt.% organic zirconium cross-
linking agent, and the rest was ionic water, which was diluted with deionized water at a ratio of 2: 5.
The sealing process was as follows: the sample was soaked in the sealing liquid for 2 min, and then
dried at 70-85 °C for 15-30 min.

Keywords: phosphating film; chromium-free; sealing process; polyacrylic resin

WiE AHA: 2022-11-25 fEE B 2023-05-31
EE A 0(1986—) , % B, R4 TR, email : 419775952@qq.com
EEEE: TAEE(975—), 20, i, BI#H% , email: wex95@163.com



+ 92 - Jan. 2024

Plating and Finishing

Vol. 46 No. 1 Serial No. 370

WAL ELA O 5 B W B T3 T TR e
AUAREE, DUAR S R A 45 5 1R ik s . R
HH A 5T 3 W 7E w50 I DA 858 Wl AL I 2 e A 5 7
SRR ZHRATR R R T B A 5 2
ZALI, Gy SZ AR5 , SO A BB 1
T RS b FEL S 5 2 T ok S 17 A R AT S ok L S A
pH ] 35 12~14, Gt o= B 0 455 25 5 e ol £ B
fiff o A R L A R i | SR P B A R A X
WAL EA T IR 7T, T4 5 B S PERE . SRS AN
(0 2 | BUR PE U E AR B TR T R R AL
BB T AR5, DAHBUR S M s S AR 7

BB LT 21 251 (i FH A TR B 1 TR 316 L AN 45 A9 -
5 28 Tl P I 1 A7 DA A B S PR R M A AR T
BEAL ALK, 41 T B AL S e fE . 28 i
ZEELOET L R A i YRV L 3 A A - R AL AT
A7 A A B 30 S R R I AS B TR IR A PAT 1Y
TEAM o PR 2 SR R R AN A RO P AR
BRI R AT 35 P A 38 52 22 1 e TR vk J3E AT
A A 1) B SO BRI . ks A AR TR
7K 3t A IR R 8 B o 45 4 ol AR BT J ol P R 1)
S0, Lin B LA "HFGE & B0, SRR R 1 i 700 ] iR
REATR A A FBE P AL B 38, A e v ol A B 1 i ol

IR N R R IR PR 228 R A B 255 PR RR LA S BR
RO REE W2 N T A S R TR B AP R
PV A IR 5 R IR A e e e TR s T AR O %o 9 o —
Wi Bl A IR A AR B, 34T A HLIRZ B Sk A
O A RO R R B A R Y TR R Dl P e
e PERE . TLPE S KA T R T i 1R
SR BRI RT  E A 1EA T 5 DA AL B 3 e B R N L
SEUG AR B T K PR M BRI B A R T A %
o B A 2R R RS RO P TR M TR AR i AL P AR
PEREAR, 24 h 3 5500 s A S B 7 %,
R TR PR ER B AR 30 %,

SR FH 7K 3R PR M TR R i PAT st A BB ) BF 5
HRILHRIE o A SCE 56 AN R K SR I B ) A 1
FRCR PR E SRS Ty, BTG
E RS

1 S£I§

1.1 MRRZAR

A S5 B A K 30CrMnSi 89 A, R AR
50.0 mmx30.0 mmx0.5 mm, H FE vt X &k & &
W1,

Rz1 0CrMnSiFETERFESE

Tab.1 Main elements and mass contents of 30CrMnSi

JLE C Si Mn

S P Cr Ni Cu

TriE/(wt. %) | 0.28~0.34 | 0.90~1.20 | 0.80~1.10

<0.025

<0.025 | 0.80~1.10 | <<0.030 <0.025
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Tab.2 Comparison of properties of 4 kinds of polyacrylic resins

RN IR e S AR/ (Wt%) | FHT R LAz T,/°C Akt
PAA 670 75 PR o [ 4 98.6 13000 213 73 143
PAA 671 75 IR e [ 4 99.6 17250 214 128 173
PAA 678 75 I e [ 4 98.7 8600 215 85 165
PAA 682 7 W RSUR [ 14 99.5 1700 238 56 105
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Tab.3 Performance parameters of neutral silica sol

SiO, #im/ | Na,O &im/ g/ N
pH R FiJE /nm
(Wt.%) (Wt.%) (g-em™)
30.0+1 <0.2 6.5~8.0 1.19~1.21 8~15
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Fig.1 Drop time of sealing phosphating film with different
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Fig.2 Effect of the concentration of PAA 671 on the drop

time
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Tab.4 Effect of basic cosolvent on water solubility of resin
(5 g PAA 671, 20 g water)
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Fig.3 The effect of different basic cosolvent on

the drop time

2.4 JEAIEIREFNEE RS0

PLEK BRI 6 wt.% PAA 671 R A1
HE B 1] 47 20 min, 25 £S5 2 X SR s [ 9 5
Wi, AN 4 7 o DAL 4 R 2600, b DA S A 3 s [ il
MR R T v S S i AR S S T R
B CUMET R R 110 °CR L PAA 671 H1 G (3% B
ARAS A B 00K, I A50T BF [] R B T HE FNPAA 671
HOK 5 R BUN B2 AR A O, a0z & AR i B 7K
TETEVT IR FR IR AE 100 °CH1 T 7K 435 % H B HH Ay
RE™,

P HE TR [ 5E SN 75 °C , gL T I ] 9 52
el , WTEL 5 BT o B A T B TR (4 38 i , 3 A R A

T B TE] 38, St ) (R 3 30 min J5 , 4R SR AE K

AL R] A5 ES E) T B o R D PR ) v TR

it ] T A ], B A ) 35 e i B I8 7K 5345 & 5 30

JBEJZ W AR . 28 SE i , BT I TRIFE 15~30 min i
JE PR

160

150

140 |

130

L2120

110 F

100 |

90

80 1 1 1 1 1 1 1 1
50 60 70 80 90 100 110 120

T/ °C
B4 HTIR X i A A 2
Fig.4 The effect of baking temperature on the drop time

_ /j\i/%\kﬂ
Nm- \ﬁ

5 10 15 20 25 30 35 40 45 50
t/min

B5 b B i) e e e 18] B % i
Fig.5 The effect of baking time on the drop time

2.5 IR PAA 671 EF H BE T frh i Y 22 0

PR TR AR BB 838 B 7K M3l 8 23 5 | A\ SR 7K SR 1A
f)—OH FI—COO", iX W S8 T BOUK I P TR I B 4 g
AR Bf BT JE Pl A 25 R RV IS B A K T R M
TR 5 JI 1R 2R v T i B 0 B o A FH A 25 B
A, H A BEAE T RE VA I 2 38 a8 Si—OH Y 45 A I
TR 45 R —Si—O0—Si 25449 . IR IR IT iR IR IR
NN ) 5 DAY RS i PR BE RS2 R . AL 6 T R
LRI 0.5 wt.%~2.0 wt.% Y Rk I 5 7T DLA R
FRCR , YR B N 2 we. %, Bl A



2024 41 H

LR R

o546 % 45 1 W CEES 370 1) - 95 .

e s DA A i R ol RE R

200
180

160

N\

100 1 1 1 1 1 1 1
0 2 4 6 8 10 12

TEVA ISR E /%
BEl6 FERRREX SRt iE g &

Fig.6 The effect of mas concentration silica sol on the

t/s
-

drop time

WE 7 fes AR T IS BRI (1), A HLEKAS B
FI (XD AT AL A2 39 30) (TIT) HB BE 2 5 F AT s 1) i /5
T RE , HAS SR RO TR s k] . AR
FAMLEEAE B AL SR 42 8 B 22650 5 RN i
g H—COO—#EA T LA 45 A I8 B SR FE T >0

R 5 PR 2R S e 485 SR, 400 25 e 3 A R0 11 32 2
ZH 15 PAAGTT BRI VEK S SC BRI

A PR GES
B 7 STERF XS i B 1] B
Fig.7 The effect of cross-linking agent on the drop time
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Tab.5 The factor table of orthogonal experiment

KA . _ -
TR (4)/g | EK(B)/mL | #5328 (C) /g
1 2 2 0.04
2 4 3 0.08
3 6 4 0.12
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Tab.6 Results of orthogonal experiment
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4 2 1 2 293
5 2 2 3 369
6 2 3 1 434
7 3 1 3 387
8 3 2 1 240
9 3 3 2 232
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Fig.8 Test results of adhesion between paint film and
phosphating film after sealing with PAA 671
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