F59% Bl R (A SRR 5 TR R Vol. 59 No. 1
2026 4F 1 H Journal of Tianjin University (Science and Technology) Jan. 2026

DOI:10.11784/tdxbz202503020

BREEALESRTREFRRGER RS TZSHNWK

AmH 2, g, HEW, Bng’
(1. RER2EAET2ERE, K 3003505 2. KEtlifb T2 5 &FHRE GAEE, K 300350;
3. AL TAFGEBE GRMD A FRFAT AT, SR 362100)

B OE. AR, LA BB EA AR ST P, SA4FE 50x10° AT 89K S T A K
B KIRS, XL AMBATR A E . %M u&m%ﬁ& MR THEWER, MmESOAEESL
B EGARM A A b A A BRI AL, FRBI LA B Ak ey R, Bk, el SRR AHEBEG RS, BE
HESER. GRENHETLFO LA, AATZOHFEIU T LME. KA A G ETIR+F REE L
LSBERPLA S TEERAFAKG P, FIARF BRI, RERAN T EAUB R FRANE. LA EE
uﬁ%iA&ﬁﬁpaﬂﬁ,%%ﬁmTipﬁﬁ%ﬁg&wﬁf& FAEMNREGHE, LeEMNASRIL, &R

] Yo ) B AR 7 4L BE A ) 5 T E R BT R A SRR xfc%éﬁg’“h%’%ﬁf HREY, EHBRBANEY 4. LEEAN
WAL E ) 80 mm, AT A i&ifuﬁﬂ#%ﬁ%‘-ﬁﬁ" Wy 21 FAENERREBARELAE A 10mL: 1g AR

ipkﬁﬁmﬁ30mn%ﬁ%laﬁ%X#T,%ﬁ%%ﬁ% RyEEHAKE 50x10° AT, it E X oW, KIF
T BRHT T A R LR R R UF AR B IR . B FE AR, 4% ]éﬂ/\@ﬁub B AT A
BE, RENMA. KB EMFTRENEHREAGEBRELEESHR, BT TR ERBILLASENEERAEIA>GE
FALEL DA 5 A A A B AR R, BORBURE R M R M, #ﬁﬂﬁﬁé\z\ﬁ | BTN A SR IA
BRI AR, AR REARFRBRICEAEN AR AH PR ARBEE T LRI F.

KR AR RPVGIKS s EAHRGES; B/ B R s

fE4S%ES . TQ325.1;TB559 XEkPRERD: A XEHS: 0493-2137(2026) 01-0017-08

Optimization of Process Parameters for Ultrasound-Enhanced Composite
Solvent Washing in Polypropylene Ash Removal

Liu Liyan"?, LiYiyang', Gao Zijun', Lii Xiaoying’
(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China;
2. Tianjin Key Laboratory of Chemical Safety and Equipment Technology, Tianjin 300350, China;
3. Sinochem Petrochemical Research Institute (Quanzhou) Co., Ltd., Quanzhou 362100, China)

Abstract: In high-end markets for dielectric materials, such as battery separator films and capacitor membranes,

there is a growing demand for low-ash polypropylene with an ash content below 50 x 107°. These premium applica-
tions require exceptional purity, electrical insulation, and chemical stability of polypropylene. Residual ash signify-
cantly impairs the dielectric and mechanical properties of the material, limiting its use in advanced applications.
Therefore, developing efficient ash removal methods for polypropylene particles is critical to expanding their applica-
tions in emerging industries with stringent requirements, offering substantial scientific and industrial value. To ad-
dress these limitations, this study integrated an “n-hexane + isopropanol” composite solvent ash removal system with
ultrasound-enhanced technology to improve efficiency. Using a self-designed octagonal prism ultrasonic reactor, this

study systematically investigated the influence of various process parameters on ash removal efficiency during poly-
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propylene washing, including the number and arrangement of ultrasonic transducers, composite solvent liquid level
height, solvent composition ratio, liquid-to-solid ratio, and ultrasonic treatment duration. The experimental results
showed that, under optimized conditions, i.e., four transducers, 80 mm composite solvent liquid level height,

21 : 4 volume ratio of n-hexane to isopropanol, 10mL : 1 g liquid-to-solid ratio, and 30 min ultrasonic treatment
duration, the ash content in polypropylene particles could be reduced to less than 50 x 10°°. Orthogonal analysis re-
vealed the following decreasing order of parameter influence on ash removal effectiveness, i.e., ultrasonic treatment
duration, solvent composition ratio, composite solvent liquid level height and liquid-to-solid ratio. Particle size dis-
tribution measurements before and after washing polypropylene particles clarified the ultrasound-enhanced mecha-
nism: cavitation-induced micro-jets crush the granules and disrupt their dense surface layer, facilitating deeper pene-
tration of the mixed solvent and thus more effective ash removal. These findings provide valuable guidance for the devel-
opment of ultrasound-enhanced composite solvent washing technologies and equipment for polypropylene ash removal.

Keywords: ultrasound enhancement; polypropylene ash removal; composite solvent washing; octagonal prism
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ducer layout diagram
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Fig.4 Effect of liquid level height on the ash removal rate
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