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Figure S1. Chemical equation between ethylene acrylic ester-glycidyl methacrylate terpolymer (EGMA) and poly (L-lactide) (PLLA) during reactive processing: (a) Without catalyst: In-situ ring-opening reaction between epoxide groups of EGMA and terminal carboxyl groups of PLLA, (b) with the addition of N, N-dimethyl stearyl amide (DMSA): In-situ ring-opening reaction between epoxide groups of EGMA and terminal carboxyl/hydroxyl groups of PLLA.
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Figure S2. Statistical data of the diameter of EGMA droplets or nano-domains in of (a) conventional alloys (POM/EGMA 90/10, w/w), (b)-(d) m-EGMA incorporated alloys featuring “heterogeneously dispersed nano-domains” (hDNs) architecture with various composition ratio of POM/m-EGMA ranging from (b) 90/10, (c) 70/30, to (d) 50/50. The weight ratio of EGMA/PLLA was fixed as 10/20 with addition of 0.3wt% DMSA. More than 400 nano-domains were taken into statistical estimations.
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Figure S3. SEM images of “heterogeneously dispersed nano-domains” (hDNs)-structured POM alloys with various composition ratio of POM/e-EGMA ranging from (a) 90/10, (b) 70/30, to (c) 50/50. The weight ratio of EGMA/PLLA was fixed as 10/20 with addition of 0.3wt% DMSA.
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Figure S4. SEM images of conventional POM alloys featuring “sea-island” morphology: (a) POM/EGMA 70/30 (w/w) alloys and (b) POM/m-EGMA (0% DMSA) 70/30 alloys. Note that m-EGMA (0% DMSA) referred to the elastomer with weight ratio of 10/20 (EGMA/PLLA) without addition of catalyst.
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Figure S5. TEM images of conventional POM alloys featuring “sea-island” morphology with various compositional ratio of POM/m-EGMA (0DMSA) ranging from (a) 90/10, (b) 70/30, to (d) 50/50. Note that m-EGMA (0% DMSA) referred to the elastomer with weight ratio of 10/20 (EGMA/PLLA) without addition of catalyst.
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Figure S6. Digital photos and SEM images of representative specimen after the notched izod impact tests: (a) POM/EGMA 90/10 alloy, (b) POM/m-EGMA (0DMSA) 70/10 alloy demonstrating conventional droplet/matrix morphology, and (c) POM/m-EGMA 70/10 alloy featuring “heterogeneously dispersed nano-domains” (hDNs) microstructure. Note that the concentration of EGMA in the three POM alloys was fixed as 10 wt%. The weigh ratio of EGMA/PLLA was fixed as 10/20 in m-EGMA (0DMSA) and m-EGMA.



[image: ]
Figure S7. Linear rheological behaviors of POM, m-EGMA, and POM alloys featuring conventional droplet/matrix and “heterogeneously dispersed nano-domains” (hDNs) microstructure. (a) Storage modulus (G'(ω)), (b) Complex viscosity (|η*(ω)|) against angular frequency, and (c) Weighted relaxation spectrum estimated from SAOS experiments at 190 oC.
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Figure S8. Representative criteria estimated from SAOS experiments: (a) van Gurp-Palmen plots, (b) Cole-Cole plots, (c) Han plots, and (d) plots on |η*(ω)| versus |G*(ω)| of POM, m-EGMA, and POM alloys featuring conventional droplet/matrix and “heterogeneously dispersed nano-domain” (hDNs) microstructure.
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Figure S9. FT-IR spectrum of pristine POM, EGMA, and PLLA.
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Figure S10. Torque evolution curves of m-EGMA without or with addition of catalyst (DMSA). The melt processing was conducted at 190 oC with a rotation speed of 50 r/min for 10 min.
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Figure S11. FT-IR spectrum of m-EGMA (0.3DMSA) after selective extraction of free PLLA chains by chloroform using Soxhlet apparatus at 110 oC for 36 h. The weigh ratio of EGMA/PLLA was 10/20.
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Figure S12. (a) TGA and (DTG) curves of EGMA, PLLA, and m-EGMA after selective extraction of free PLLA chains by chloroform. The weigh ratio of EGMA/PLLA in m-EGMA was fixed as 10/20 containing various concentration of DMSA from 0.3 wt%, 0.6 wt%, 1.2 wt%, to 2.4 wt%.
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Figure S13. Schematic illustrations and TEM images of m-EGMA with or without addition of DMSA. The weigh ratio of EGMA/PLLA in m-EGMA was fixed as 10/20.
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Figure S14. Representative stress-strain curves of POM and hDNs-structured POM/m-EGMA alloys. The weigh ratio of EGMA/PLLA in m-EGMA was fixed as 10/20 containing various concentration of DMSA from 0.3 wt%, 0.6 wt%, 1.2 wt%, to 2.4 wt%.
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Figure S15. SEM images of POM/(EGMA/PLLA) 70/(10/20) alloys with different concentration of DMSA: (a) 0 wt%, (b) 0.3 wt%, (c) 0.6 wt%, (d) 1.2 wt%, and (e) 2.4 wt%.



[image: ]
Figure S16. TEM images of m-EGMA (EGMA/PLLA 10/20, 0.3 wt% DMSA) (a) before, (b) after selective extraction of free PLLA chains by CHCl3 by Soxhlet apparatus at 110 oC for 36 h.
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Figure S17. Notched impact strength of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys incorporating various compositional ratio of PLLA in m-EGMA. The EGMA loadings in the obtained alloys was fixed as 10 wt%. The content of DMSA in m-EGMA was fixed as 0.3 wt%.
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Figure S18. Representative stress-strain curves of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys incorporating various compositional ratio of PLLA in m-EGMA. The EGMA loadings in the obtained alloys was fixed as 10 wt%. The concentration of DMSA in m-EGMA was fixed as 0.3 wt%.
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Figure S19. SEM images of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys incorporating various compositional ratio of PLLA in m-EGMA from (a) 89/(10/1), (b) 87/(10/3), (c) 85/(10/5), (d) 80/(10/10), (e) 75/(10/15), (f) 70/(10/20), (g) 65/(10/25), to (h) 60/(10/30). The concentration of DMSA in m-EGMA was fixed as 0.3 wt%.
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Figure S20. Statistical data of the diameter of EGMA nano-domains in “heterogeneously dispersed nano-domains” (hDNs)-structured alloys incorporating various compositional ratio of PLLA in m-EGMA from (a) 89/(10/1), (b) 87/(10/3), (c) 85/(10/5), (d) 80/(10/10), (e) 75/(10/15), (f) 70/(10/20), (g) 65/(10/25), to (h) 60/(10/30). The concentration of DMSA in m-EGMA was fixed as 0.3 wt%.
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Figure S21. Averaged diameter of EGMA nano-domains in “heterogeneously dispersed nano-domains” (hDNs)-structured alloys as a function of PLLA loadings in m-EGMA.
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Figure S22. DSC thermograms of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys incorporating various compositional ratio of PLLA in m-EGMA collected at (a) first heating, (b) cooling, and (c) second heating procedure with the heating/cooling rate of 10 oC/min.




[image: ]
Figure S23. SEM images of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys as a function of EGMA loadings in m-EGMA, that is POM/(EGMA/PLLA) from (a) 70/(0/20), (b) 70/(5/20), (c) 70/(10/20), to (d) 70/(15/20).
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Figure S24. SEM images of representative hDNs-structured alloy POM/(EGMA/PLLA) 70/(10/20) captured at different processing times at 190 oC with a rotation speed of 50 r/min: from (a) 0.5min, (b) 2 min, (c) 5 min, (d) 10 min, to (e) 20min.



Table S1. Mechanical parameters of POM, conventional POM/m-EGMA (0DMSA) alloys featuring droplet/matrix morphology and POM/m-EGMA (0.3DMSA) alloys featuring “heterogeneously dispersed nano-domains” microstructure.
	
	Young’s modulus/GPa
	Tensile strength/MPa
	Elongation at break/%
	Notched impact strength/kJ/m2

	POM
	1.38 ± 0.03
	66 ± 0.1
	56 ± 8
	12.3 ± 1.7

	90/10 conventional
	1.23 ± 0.01
	55 ± 0.5
	76 ± 13
	13.4 ± 0.5

	90/10 hNDs
	1.37 ± 0.05
	59 ± 0.6
	73 ± 8
	19.5 ± 0.4

	70/30 conventional
	1.37 ± 0.02
	50 ± 0.6
	217 ± 30
	17.7 ± 0.9

	70/30 hNDs
	1.36 ± 0.02
	50 ± 1.0
	429 ± 173
	41.5 ± 1.0

	50/50 conventional
	1.31 ± 0.04
	38 ± 0.5
	221 ± 21
	28.9 ± 1.1

	50/50 hNDs
	1.36 ± 0.05
	44 ± 1.4
	428 ± 86
	58.6 ± 3.5







Table S2. Performance comparison in terms of notched impact strength, elongation at break, and tensile strength of POM alloys.
	Code
	Elastomer/inorganic filled modified POM alloys
	Elongation at break
	Tensile strength 
(MPa)
	Notched impact strength (kJ/m2)
	Ref.a

	1
	POM
	56
	66
	12.3
	

	2
	POM/E-MA-GMA
	95
	-
	8.08
	[1]
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	POM/CB
	30
	57.9
	8.29
	[2]

	
	POM/CB/1.5NCC
	31
	59.7
	10.11
	

	
	POM/CB/3NCC
	33
	62.4
	9.96
	

	
	POM/CB/4.5NCC
	30
	60.9
	7.39
	

	4
	POM/5%GCE
	40
	45
	13
	[3]

	
	POM/10%GCE
	63
	42
	13.5
	

	
	POM/20%GCE
	72
	31
	15.5
	

	
	POM/30%GCE
	76
	26.8
	16.7
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	POM/PTFE plasma 0min
	7
	26
	8.9
	[4]

	
	POM/PTFE plasma 5min
	7.5
	27
	11.6
	

	
	POM/PTFE plasma 15min
	8.3
	29
	11.0
	

	
	POM/PTFE plasma 30min
	8.5
	28
	10.3
	

	6
	POM/APP
	-
	40.7
	2.6
	[5]

	
	POM/MC-APP
	-
	45.5
	3.1
	

	
	POM/GW-APP
	-
	42.2
	2.8
	

	
	POM/MF-APP
	-
	42.5
	2.2
	

	7
	POM/SGF-HT
	1.9
	78
	-
	[6]

	
	POM/SGF-NC
	1.6
	83.9
	-
	

	
	POM/SGF-WD
	3
	85.2
	-
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	PLA/PCL/POM 80/20/1
	154.4
	45.0
	-
	[7]

	
	PLA/PCL/POM 80/20/2
	202.7
	46.4
	-
	

	
	PLA/PCL/POM 80/20/3
	312.8
	44.1
	-
	

	
	PLA/PCL/POM 70/30/1
	218.8
	37.5
	-
	

	
	PLA/PCL/POM 70/30/2
	315.9
	38.4
	-
	

	
	PLA/PCL/POM70/30/3
	334.8
	41.2
	-
	

	9
	POM/RCF 5%
	3.1
	91
	4.3
	[8]
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	POM/RCF 10%
	3.0
	120
	5.9
	

	10
	POM40/PLA40/EBA20-CE
	17.6
	40
	4.9
	[9]

	
	POM/EBA20
	16
	34
	5.6
	

	
	POM40/PLA40/EBA20
	15
	35
	4.9
	

	
	POM/EBA20-CE
	16.3
	33
	4.8
	

	11
	POM/0.1GNP
	47
	57.3
	14.7
	[10]

	
	POM/0.5GNP
	55.2
	61.9
	17.6
	

	
	POM/1GNP
	52
	59.7
	11.7
	

	12
	POM/graphite
	11.8
	59
	5.6
	[11]

	
	POM/graphite/T-1
	17.9
	58
	5.6
	

	
	POM/graphite/T-2
	25.5
	57
	5.9
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	[bookmark: OLE_LINK1]POM/PEO 90/10 5 (injection speed)
	82.3
	46.2
	7.9
	[12]

	
	POM/PEO 90/10
	89.7
	46.5
	7.8
	

	
	POM/PEO 90/10 20 
	88.3
	46.0
	8.8
	

	
	POM/PEO 90/10 50
	89.5
	46.2
	10.8
	

	
	POM/PEO 90/10 80
	85.0
	46.8
	11.3
	

	
	POM/PEO 90/10 120
	86.5
	45.7
	10.5
	

	14
	POM/MBS/TPU 80/15/0
	108.67
	44.63
	28.25
	[13]

	
	POM/MBS/TPU 80/15/5
	193.35
	39.85
	37.19
	

	
	POM/MBS/TPU 80/15/10
	222.51
	38.90
	40.83
	

	15
	POM/10TPU
	64.5
	47.1
	37.5 (119.05J/m)
	[14]

	
	POM/20TPU
	85.0
	41.2
	43.2 (137.01J/m)
	

	16
	POM/TUP 90/10 170oC
	42.9
	47.1
	9.4
	[15]

	
	POM/TUP 90/10 180oC
	32.5
	48.1
	11.7
	

	
	POM/TUP 90/10 190oC
	37.3
	47.5
	14.4
	

	
	POM/TUP 90/10 200oC
	40.0
	47.8
	12.0
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	POM/TPU Irradiated (3wt%)
	18.9
	53.1
	11.2
	[16]

	
	POM/TPU Irradiated (6wt%)
	20.1
	53.9
	11.0
	

	
	POM/TPU Irradiated (9wt%)
	18.6
	50.0
	10.8
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	This work
	429
	49
	41.5
	

	
	
	620
	44
	52.9
	

	
	
	530
	47
	43.3
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Table S3. The content of EGMA and PLLA in m-EGMA containing various concentration of DMSA before and after selective extraction of free PLLA chains calculated from TGA measurements.
	EGMA/PLLA 10/20
	0.3DMSA
	0.6DMSA
	1.2DMSA
	2.4DMSA

	EGMA(before extraction)/g
	0.12
	0.12
	0.13
	0.11

	EGMA(after extraction)/g
	0.03
	0.04
	0.07
	0.08

	PLLA(before extraction)/g
	0.24
	0.24
	0.26
	0.22

	PLLA(after extraction)/g
	0.01
	0.01
	0.02
	0.02






Table S4. Mechanical parameters of POM/(EGMA/PLLA) 70/(10/20) alloys with different concentration of DMSA: (a) 0 wt%, (b) 0.3 wt%, (c) 0.6 wt%, (d) 1.2 wt%, and (e) 2.4 wt%.
	
	Young’s modulus/GPa
	Tensile strength/MPa
	Elongation at break/%
	Notched impact strength/kJ/m2

	0DMSA
	1.36 ± 0.02
	53 ± 0.4
	266 ± 5
	17.7 ± 0.9

	0.3DMSA
	1.36 ± 0.02
	50 ± 1.0
	429 ± 173
	41.5 ± 1.0

	0.6DMSA
	1.31 ± 0.05
	45 ± 0.5
	432 ± 54
	42.4 ± 0.8

	1.2DMSA
	1.23 ± 0.02
	41 ± 0.4
	537 ± 36
	21.2 ± 0.3

	2.4DMSA
	1.18 ± 0.03
	41 ± 0.3
	439 ± 52
	16.6 ± 0.6






Table S5. Mechanical parameters of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys incorporating various compositional ratio of PLLA in m-EGMA from. The concentration of DMSA in m-EGMA was fixed as 0.3 wt%.
	
	Young’s modulus/GPa
	Tensile strength/MPa
	Elongation at break/%
	Notched impact strength/kJ/m2

	90/10/0
	1.11 ± 0.02
	54 ± 0.3
	102 ± 29
	16.2 ± 0.3

	89/10/1
	1.15 ± 0.03
	54 ± 0.4
	371 ± 76
	18.0 ± 1.0

	87/10/3
	1.01 ± 0.03
	53 ± 1.8
	575 ± 115
	21.2 ± 0.8

	85/10/5
	1.03 ± 0.06
	50 ± 1.0
	533 ± 20
	25.1 ± 0.5

	80/10/10
	1.19 ± 0.02
	48 ± 0.4
	489 ± 114
	24.0 ± 1.5

	75/10/15
	1.42 ± 0.03
	49 ± 0.4
	539 ± 37
	22.7 ± 0.6

	70/10/20
	1.36 ± 0.02
	50 ± 1.0
	429 ± 173
	41.5 ± 1.0

	65/10/25
	1.52 ± 0.07
	47 ± 0.4
	530 ± 113
	43.3 ± 1.3

	60/10/30
	1.48 ± 0.02
	47 ± 1.0
	150 ± 24
	14.1 ± 0.5






Table S6. Mechanical parameters of “heterogeneously dispersed nano-domains” (hDNs)-structured alloys as a function of EGMA loadings in m-EGMA.
	
	Young’s modulus/GPa
	Tensile strength/MPa
	Elongation at break/%
	Notched impact strength/kJ/m2

	70/0/20
	1.59 ± 0.06
	62 ± 0.7
	68 ± 9
	8.7 ± 0.8

	70/5/20
	1.44 ± 0.05
	54 ± 0.9
	280 ± 113
	16.8 ± 0.5

	70/10/20
	1.36 ± 0.02
	50 ± 1.0
	429 ± 173
	41.5 ± 1.0

	70/15/20
	1.13 ± 0.04
	44 ± 0.8
	620 ± 153
	52.9 ± 3.1
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