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Abstract

Flexible foam polyether polyol acts as the core raw material for flexible polyurethane foams. Con-
ventional batch stirred reactors suffer from insufficient gas-liquid heat and mass transfer, dramatic
performance fluctuations between product batches and heavy environmental pollutant emissions,
which fail to satisfy the manufacturing standards for high-end finished products. The circulating
spray reactor adopts a continuous closed-loop production route supported by high-pressure atom-
ization, combined with a low-dosage DMC double metal cyanide catalytic system. This equipment
can greatly boost gas-liquid contact efficiency and stabilize all performance indicators of finished
products. From the perspective of industrial implementation, this paper compares the production
gaps between the continuous spray process and traditional batch reactors, analyzes how various
key operating conditions affect product indicators and the matching performance in foaming com-
pounding, and sorts out four major engineering challenges emerging during long-term stable oper-
ation of the device, including abrasion of atomization components, reduced mass transfer efficiency
of high-viscosity materials, difficult removal of trace odor components, and delayed coordinated
adjustment of multiple process parameters. Combined with practical on-site technical transfor-
mation cases, multiple optimization approaches are proposed, such as segmented gradient temper-
ature control, deep refining integrating thin-film devolatilization and activated carbon adsorption,
as well as intelligent linkage automatic control of multi-parameters. Meanwhile, the industrializa-
tion development trend of this process in the future is prospected. Focusing on practical industrial
production operations, this paper can provide engineering references for the design of large-scale
polyether polyol production lines and quality-improving & consumption-reducing renovations of
existing production facilities.
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Figure 1. Schematic diagram of the circulating spray reactor process
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Table 1. Comparison of key indicators between circulating spray process and traditional batch reactor process
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Figure 2. Effect of reaction temperature on degree of unsaturation and conversion rate of PO monomer
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Figure 3. Effect of atomization pressure on droplet size and PDI
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Figure 4. Effect of relative circulation flow rate on viscosity fluctuation and power consumption

4. HEXHEEIMREXT RN NS BRI

DOI: 10.12677/amc.2026.144040 437 MRME 2= AT


https://doi.org/10.12677/amc.2026.144040

il

ME 4 UG ARXHEATE < 90%HUE Tfg, PIRHER ALY, KRR EIZL M E
£ 90%~100%X [], RE LI, ARG T M AER > 100%, KEEE/MEFRRAC, RAFELPEHRIE
BTt

1) ZAE T EIRURE G RO R KN, TRER AR IX 8] 0.35~0.45 MPao Ji 7 {wm{GmT, 1§t
WERRAR R, BEEARATE 7, PAREALR T, o T EAXEAL T w8 s A % »
REPVEPRG BT SR g% A e, B IIABURHK I 52 20 A R R A 5T, ) AR RV s bl BB 43, SR T 5 £ B 45 0
£

2) DVRHEPR TR : AKEE AN JR AL L SN U 4T o AU O IR, WRLAE B i % 1A 452 B I 18] 22 BRLBOK
FRO VR N BB AN A, RS EE BN IR s TR S S AR AR RN K, 3
B EABIbRHE, [ R AAEAT S BT, AR S MU RIS e o 37 5 MR 7 e il FEE DG P o
PRI, R RS O PRI R, I E AL B

3.3. PO/EO B4k SRR R T 1284

PO WM Lo, $RTREARIIIE. TR ERE: EO WA THEumEE, $RIMRBIETE. Bk
WHshE, H EO A ma@ itk Mok LI, R RE AR % . A m ] Stk 4 HI SR Ik T i i
$iH BO BC bk, JF L& Wik WK EO #shnLLfi[6].

FARE R R S B AL PR R VLAC: BERLE L PR, UM ARAE s AR HERR B P9 1 70 Jall 20 3l
MR R, RN KERARRS 5 RN EREG JFRAH RN R Rl e, 5 A & e
WIREA R, RNV IEFKIEREE, BB ReGK . TR S HOE SRR, FARCTE R IR
B, B SR HER R RO AR T

3.4. DMC AR ME B Tl L RAXXIE)

FHECT %48 KOH fEA 1A R, DMC AR IEIR0E 25 35 B 7= s b 0= i i O IC B IR R, &
B EAR A PR RO S R R, LS T A TR I IR R T IR B ) AR AR 8]

ISINEEBE T 0.02%: MEALTETEA L, RPJESIAEHRIER, PR IR A, 386 T

INIMELA T 0.05%: 44 58 A 5k B O B A7) 2 5O SRR AR M, ) 559 3 TV P 7 S TR Vs 4, YR LR
BIS AR 7=, [EI N ERE RS, TR AR B B 2 IR R

BUZARAEAL 80 X 1A AP RS FUR 0.02%~0.05% [7], TR T B AFAEAEAL 7 58 4 0 B 5, B ik
FE 55 LB o

4. ERHEELEE T WHEITHEFELIRERD
4.1. BUGHSEREE, REESETRENE

WAL T . s R RS bR T, R TR E R I F AR YR e A
PRI AISRAEAG TR 2 P A e AL B, I AL . AL BRI S Bl BRI S
JEFRBEED . R RAR AR PR TR A FERKIERE IR BB B, 4
PRERART RN IR, B YRR A BN A i e, 112020 B P A S AT (R o 2 1) 2]

4.2. SRR M B AR R TRL

A BN Ja IR 7> T RRFEART Y, AR R W RGO, vl VBT i A SRR B S A/ VL »
A R T AR PR AR A% AR IR, AR R SR, SN IIAE A . X b R RRS R i

DOI: 10.12677/amc.2026.144040 438 MRME 2= AT


https://doi.org/10.12677/amc.2026.144040

il

FHERIE, b P AR Rl B SRR AR 77 R N B 20%~30%, ARSI EAR 22, 2 m di R o SR A A B 1)
o TARERERS .

43. WEELUETYREEEX, SHIESK~RZR

AR A R SRR AE R A R . (BRI S AV E ALY, N As Y BEBURHK U el A 1
WP AR T E RS K I IEAE 5 AL B TP A BE 22 B K0 TR, AR TR A A
BRAEJIA PR IR BRE ] SO0 TR OB R 427, I A5 AC PR T 2K DL e ARt s R I
FERNE SR S WO R A PR 7 454, IS AR, R & (70 ey Tl 32 0

44. ZEYBERG AL EERR, “REBERR

TSR/ T 2 2HORE RN RS, WE. SAED). TERRE. PAdbpdE, AR
JEESHERL), BB R S SOE BN, FTRCBRR NP . BT B B 2 T K R
NGBS, SRR S NRE, AL R LR . ™ fis .
B TOLBBIT B Moy MBI SN R AT, I PEREAN AR, PR dh i R 5 A R g b

5. ARE~RRERNRELERRURES R
5.0. PERBERRESHTE, BRAEHEYREREIR

KT BOE R AR . AR TR B A E SR N T, VLRCAN R S A B BOPRR R B e «

1) RMAIPARREEE): #2050 105°C~110°C, fIREFFAE, &Gyl h BRG] KB RN

2) RNHHHCREEERR D BT FHRZ 110°C~120°C, SRR E, 584 F RNVIEE, 3-FF7hE:

3) R HACKE VAR ): ORI £ 115°C~125°C, KiRIEmama . &ERIREES, FIRR
FHRARGE, B8 A BOBCR, ST TR AR, A kb 7 il S 0

5.2. BAKRAERGKE, SKRRSK~HE

FEJFA W /K I8 TR 2R R SR At e, MR R E T

1) AR et Rl R ORISR S A R MR R M ke 7y, R
TR 2 s o0 SRR VOC IR CA B2 TR FU4RIE[9];

2) BCEEPER KBRS IS L P v LR AR B s Bm VeI, TR (3. SR R A% s

3) R TE AR ALY S AL, ARSI SRR A A

A 5 Rt RS AT AT B R IR IR SRR, [RIIN ORy SR -5 3R T 77 R P A AR A
SEME, AIER A T BE R A A UIRE . JEBEARIER, SCOUREE - SO Bl — AL

PRI + RN B B SO Ja SRR e B L R R 2.
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