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Abstract

Objective: To investigate the effects of applying a water-based matte varnish after priming on the
color adhesion and color transition performance in the hand-brushing process of water-based
paints for scale models, and to provide practical references for optimizing the scale model painting
process. Methods: A total of 120 scale models across 5 categories were selected as research objects,
including 12 Warhammer miniatures, 24 Gundam models, 18 garage kit (GK) models, 36 military
models, and 30 small statues. The models were randomly divided into an observation group (60
models) and a control group (60 models) using a random number table. The control group was pro-
cessed with the “priming + direct hand-brushing with water-based paint” method, while the obser-
vation group adopted the “priming + water-based matte varnish spraying + water-based paint hand-
brushing” method. Data collection was mainly conducted at the Material Analysis and Testing Cen-
ter of Shandong University of Science and Technology (collaborative unit: Material Analysis and
Testing Center of Shandong University of Science and Technology). The main equipment included a
0.3 mm airbrush, an air compressor, a coating adhesion tester, a surface roughness meter, a color-
imeter, and a scanning electron microscope (SEM). Coating adhesion, surface roughness, and color
transition uniformity were measured using professional instruments, and surface appearance dif-
ferences were recorded via macro photography. Statistical analysis was performed using SPSS 26.0
software. Measurement data were expressed as (x * s), and comparisons between groups were con-
ducted using an independent samples t-test, with P < 0.05 considered statistically significant. Re-
sults: The observation group showed significantly higher coating adhesion scores (8.92 + 0.53) and
color transition uniformity scores (9.15 * 0.41) compared with the control group (7.23 + 0.61 and
7.58 * 0.57, respectively). The surface roughness of the observation group (0.86 + 0.12 pum) was
significantly lower than that of the control group (1.32 * 0.18 pum), with all differences being statis-
tically significant (t = 15.876, 16.324, 14.591; all P < 0.001). The qualified rate of painting in the
observation group (96.67%) was significantly higher than that in the control group (81.67%). SEM
images revealed obvious particle protrusions and micropores on the primer surface of the control
group, whereas the observation group exhibited filled protrusions and reduced pores after matte
varnish application, resulting in a smoother microstructure. Macro photography showed that the
color transition areas of the observation group had no obvious brush marks and exhibited better
color adhesion uniformity than the control group. Conclusion: Applying a water-based matte var-
nish after priming can optimize the microstructure of the coating through leveling and filling effects,
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significantly improve color adhesion and color transition performance, and reduce the rate of paint-
ing defects. This process can be widely applied in the hand-brushing of various scale models.
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2.2. SEHIMR

1) THAEAEAL: JEHR 5 H ILGAEAE AL, HARELHE AR R AIBAL 12 (R R R FR 2 80~120 cm?),
Bk R AR AL 24 fE (PR AR L) 150~220 cm?d). ZE EEERE R (Garage Kit, fRiFR GK AL, J5 A& &E 7~
(T T2 SR ) 18 4 (B i 2 TH AR 4 120~180 cm?) L ZE S A 7Y 36 4 (B34 25 TH A1 449 100~160 cm?) .
ANEURES 30 (BRI RE AR Z) 200~300 cm?), 3Lt 120 #F. A RIS R ABS SRR AR, F
AR T, RFYERE A 5~20 cmo ML 48— B BUBCR! 3 447 8 X IR (T AR >5cm x5cm), #ifR
ST — B
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2) Wkl AKMIRBEFHBREZERES, KE). KEECEEBRE). KEEORERKRE, Wik
g, R BEEE 12 M HBE), FraREE H FEE S IR R, B ORI R — B

3) LA: ZULSiFl. 0.3 mm HARBIE., FIREGFK: 0#. 14, 2#). REME TR
Elcometer, 5. 106). FEMHHIAEEAX(5H: Mitutoyo, 5. SJ-210). 24X (4 /#: Konica Minolta,
5. CR-400). AT BB (M Zeiss, %5 : Sigma300). FEEAHNL(MAE: Canon, ZY5: EOS
RS, #4FC 100 mm 8L k).

2.3. SEEEST4R

KB RIENG 120 ARRASERY 73 SR dH AR R ZH, 32 60 fF. PRI s, RF, 5
MR R AR S — BRI LR, ZER S8 (P > 0.05), AA W HE(E 1),

Table 1. Comparison of general information between two groups of miniature models [n (%)/(x + s)]
7 1. PAMAERE—RRZRELE N (%)/(x + 5)]

fabw M EZ 4 (n = 60) TR (n = 60) Gt P
e 72=0.326 0.988
W HE FR A AR Y 6 (10.00) 6 (10.00)
ik BB 12 (20.00) 12 (20.00)
BB 9 (15.00) 9 (15.00)
R 18 (30.00) 18 (30.00)
INRRER 15 (25.00) 15 (25.00)
R~ (em) 12.36 +3.25 12.18 +3.17 t=0.321 0.749
SRR ER A (cm?) 168.5 £42.3 165.8 + 40.7 t=0.365 0.716
FEM IR 72=0.185 0.667
ABS ¥k} 38 (63.33) 36 (60.00)
g 22 (36.67) 24 (40.00)

24. AETEE5RERH

1) FUHIALEE: PRI HET S — AT, A BRI FTES(fEH 400 H. 800 H. 1200 H#b4K
WRURAT BE) 1P (K QIR M) BT (iR T EABT 24h). Fra #ES mE— ANEm,
TRACFRFRIE—FL

2) BB E . N ORIET TR — 0, SRR AR EA B e B, %R S 80w
IETRR 2, WA TR Rt FRENREEHIE 23°C £2°C, MIRHEEEFEHIZE 50% + 5%; Witk /2EE
THSER R RE R, R LS8 —.

3) MM T Z: KA “TWURE + HEKMEEFIR” TZ. © TmHRE: BB KRR
SIWER TR R, WHREE RN 30~40 cm, Wik 108 0.2~0.3 MPa, iRZEEEHI#E 0.1~0.15 mm, =
BT 12h; @ HEFR: FHTFREBIUKEROE, R “BiR2 27 BTk, 8ERERE
PEHILE 0.02~0.03 mm, #FEET 6 h EHIR N2, WM\HBETE RIKREK 2~4 )7, TG ERKT 24 h,

4) MEMTZ: KA TR + KEWHRESR + KERFR” T2, © FmRER: 54
—FH; @ WEHEAKMEWOGEE: I BEA KSR A TIRE R T, BHAER. B S5EE
BB EIEHIE 0.05~0.08 mm, FEiEMET 8h; @ KMETER: SHMBATHRILE .
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AN, RT3 K, BCFIMEME R A 4R

2) RIMMIREEE (Ra): KFARMMREE, TEBARIER MBENLIEEL 5 AR AT (BRI s PR > 2
cm), WERASK RafH, BCPIMEMERABRALSR, A28 pm, Ra (Elk/NERRIECE[7]. FE,
KA B RS HIRZ oW R SR, g ik 10 KV, JBORAE %A 500 f5H1 2000 1.

3) Btk AT R A 2 S0 s S Y DX I £ 25 (AE), S U CEu it Y S5 1 DX 3,
SE RV X W o B P E] 3 AN B S 5L, a%, bY), T2 AE, AE {Hl/NRREEITJE 515
BRGS0, 3 2 Bl Mok 3 AR B0 (0 3ok P A2 B 34T VP40 (0~10 47), BCFISMEAE i
KVPy, S BUE RN I PO R (8] EAh, R ARALZE AR IR R S N Ok 5500 K ARkt
J5, TEAE: 1000 lux) A0 i 8 X 3, B ic SR A I P 80k

4) WRBEEEER R IR 3 WHEFR ARG (s R BRRE) TSRS e, R LT
FNF NG WEME IS =7 40 REKSE Ra<1.0 um. B EHSIETFS >8 4, HIEW
RAMGRIE: RZMNAER, THEHANIRIE G

26. GtFESH

KH SPSS26.0 FATHATHARALEE, THEEILI(X + 5)FRoR, A LECR HMALAEA tkage: ThEEE
BIEAn (W17, AR HECR A 2 k. BLP<0.05 AZEFHEAGIHHEE L.

3. &R
3.1. AmAEREXDIsHRECE

WAL Z G 1V BRI IER S B B & T AT R, SRTHRS B Ra A 2 1K T X H 4,
ERWE GRS (P ) <0.001), W#E 2.

Table 2. Comparison of core indicators between two groups of coatings (X £ s)
2. MERBRZDIERREEE (X £ 5)

fabr WL (n = 60) XA (n = 60) t 18 P 1
RIE B 1955 (47) 8.92+0.53 7.23+0.61 15.876 <0.001
KTHHKEE Ra (um) 0.86 +0.12 1.32+0.18 14.591 <0.001
BRI PR S VR4 (5)) 9.15+0.41 7.58 +0.57 16.324 <0.001
Bt I % AE 1.23+0.25 2.86 +0.38 28.763 <0.001

3.2. FAARKERELLR

Table 3. Comparison of coating qualification rates between the two groups [n (%)]
3. MEREESRELR [ (W)]

2 G EL AR H 1% H(%) paki:! P1E
M EE4 (n = 60) 58 (96.67) 2 (3.33) 96.67 6.982 0.008
T HE 2 (n = 60) 49 (81.67) 11 (18.33) 81.67
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WML 60 FHE A, &A% 58 1, AGHE 2 1F, RIEEHEIEN 96.67%; FTHRLL 60 fFEALH, A%
49 11, G 1L, RBEEHEN 81.67%. MEMIRKAEHERE R TAEA, ERE 500 (A
=6.982, P =0.008), W% 3.

3.3. UGS IR T

SEM EURIR 7R o0 2RI 2 1 47 75 W ARORORE T ke, T2 e EEZ 0.5~1.2 pm, AN 3 AT A B 2 1
NMLE(ALIEZ) 0.1~0.3 um); WLERALL/KVER JCIR IR J5 , JIRER I ARUR AT ROR TS, FLREE
FIb, Ri-FBEPEERT, POER &S 0.1~0.3 um.
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4.1, JEARBA SR EYROERINE

AW FLIR TR, MELLER “WBRE + KIEFEOLERBER + AMRETIR” T2)5, WEWET.
P TL I S R T 0 A, RIHRE 2 R T R, e R ik 96.67%, 3% i T i
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JRURE[10] o TS HEAH H iR AT 8, R (i 5 IR N Al i B N, HL 5 78 LI AR TR B 7 £
T, SBEUNE TR,
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AR R IR AN — GRR T TS 2R TAE, K T2t — B2 Ak Sk i B A
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