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02 Why Produce Polypropylene Foam?

Polypropylene Advantages:

– Performance properties:
• Stiffness/ toughness balance
• High service temperatures
• Chemical resistance

– Sustainability
• Recyclable
• Energy efficient processing
• Low carbon footprint: density, CO2 emission



Foaming process

03 Challenges for PP in Foam

Linear PP HMS-PP

Nucleation Control by cell nucleant agents and gas
solubility.

Control by cell nucleant agents and gas solubility.

Expansion Low melt strength, quickly expands High melt strength control better the expansion 
process

Impingment Low melt strength do not support thinner
cells walls

Strain hardening increase quickly the polymer 
resistance and maintain closed cell even thin cell 
walls.

Crystallization Highly sensitive to heterogeneities. Lower sensibility to nucleant and heterogeneities
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Braskem Foam Technology
Overcomes the Challenges

High melt strength PP
– High melt strength and high MFR

• Branching proprietary technology.

 Foam process strategy
– Balance contributions from:

• Polymer
• Foam process
• Blowing agent
• Nucleating additives
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 Melt Strength describes resistance to extensional flow:
• More specifically, increases the uniform deformation by 

increasing the molten elasticity.
 But Melt Strength alone cannot disclose about the polymer 

foamability.

 To low densities, the material must also to have 
deformability.

What is Melt Strength?

Regular PP

Branched
PPAmPPleo



06 HMS-PP GAS SOLUBILITY

BRANCHED MATERIALS normally show a lower gas solubility comparing to linear PP.

However, Braskem technology isn’t too far from the linear as expected due the different 
technological route, mainly to CO2.

Curves generated on Toronto University.



7 HMS-PP PROCESSING CHARACTERIZATION

 The trials were run on Krass-Maffei Berstof on Hannover laboratory, Germany.

1st Extruder- ZE 40, Co-rotating twin screw extruder 
2nd Extruder, KE 90, Single screw extruder, coupled to an annular die, operating at 100 kg/h
 Four Brabender feeders to control the final composition:

– Resin  Amppleo 1020GA Additive Commercial name Supplier
Talc Finatalc M30 Mondo Minerals
CBA-1 Hydrocerol CF40E Clariant
CBA-2 Ecocell 20P PoliFil



8 HMS-PP PROCESSING

General overview:
– Gas against densities

– A non-linear correlation is observed for iC4 and to CO2 as PBA
– Amppleo is capable to reach very low densities. 

CO2
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iC4

Gas Amount (%)

Density (kg/m³)

221.18

202.8822632396

187.5027513542

174.3866265729

163.0624087456
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sequence

						Thickness		Gas		Resin		Density		Nuclenat agent		%				0:20		0:30				Thickness		Gas		Resin		Density		Nuclenat agent		%

		90 kg/h				mm						kg/m³		Blend												mm						kg/m³		Blend

		#1		day 1		2		C4		DP5016J		80		talc		0.5		11:20								1.2		CO2		DP185A		150		Ecocell		166-174		174		12:00						Thickness		Gas		Resin		Density		Nuclenat agent		%

		#2														1		11:40		0:20														0.075%		each 2°C		172		12:10		0:10				mm						kg/m³		Blend

		#3										3%				1.5		12:00		0:20																		170		12:20		0:10										1,0%  and C4 1,8 can not be done

		#4												Hydrocerol		0.05		12:20		0:20																		168		12:30		0:10										1.0%		talc		166-174		172		9:20

		#5														0.1		12:40		0:20																		166		12:30		0:10										65				each 2°C		170		9:30		0:10

		#6														0.15		13:00		0:20						2		C4		DP185A		150		Ecocell		0.0375%																						168		9:40		0:10

		#7										50		Hydrocerol		0.15		13:40		0:40														0.075%		each 2°C																								11:20		0:10

		#8														0.1		14:00		0:20																		182		0:10		0:10				2		C4		DP185A		150		Ecocell		LPP2 10%				11:40		0:20

		#9										5%				0.05		14:20		0:20																		180		0:20		0:10												0.075%		LPP3 10%				12:00		0:20

		#10												talc		0.5		14:50		0:30																		178		0:30		0:10						C4				ecocell								12:20		0:20

		#11														1		15:10		0:20												0.5%		talc		166-174		182		1:00		0:30										ideal T								12:40		0:20

		#12														1.5		15:30		0:20																each 2°C		180		1:10		0:10										close die		x2		higher pressure				13:00		0:20

		#13														2		15:50		0:20																		178		1:20		0:10				1.2		CO2		DP185A		150		Ecocell				184		15:00		0:30

														talc		2		16:10		0:20																		176		1:30		0:10												0.075%		each 2°C		182		15:10		0:10

												6%				1.5		16:30		0:20																				1:30		0:10																180		15:20		0:10

																1		16:50		0:20																				1:40		0:10																178		15:30		0:10		25.4		0.067

						adjusts																				2		C4		DP185A		40		Ecocell				168		2:40		1:00																176		15:55		0:10				1.7018

		#2.1				1.2		CO2		DP5016J		150		talc		0.5		10:30		0:20														0.025%		each 2°C		166		2:50		0:10						CO2										174		16:05		0:10

		#2.2														1		11:00		0:30																		164		3:00		0:10																172		16:15		0:10

		#2.3														1.5		11:20		0:20																168-160		162		3:10		0:10

		#2.4														2		11:40		0:20																		160		3:20		0:10										ecocell						120kg/h

		#2.5		day 2		1.2		CO2				150		Hydrocerol		0.05		12:20		0:40						2		C4		DP185A		40		talc				174		11:55												ideal T						140 kg/h

		#2.6														0.075		14:00		1:40												0.50%				each 2°C		172		12:05		0:10										close die		x2		higher pressure

		#2.7														0.1		12:40		0:20																		170		12:15		0:10				1.2		CO2		DP185A		150		Ecocell		LPP2 5%		174		9:30		0:20

		#2.8														0.15		13:40		0:20																168-160		168		12:25		0:10												0.075%		LPP2 5%		170		9:50		0:20

		#2.9										105				0.15		14:00		0:20																		166		12:35		0:10														LPP3 5%		174		10:10		0:20

		#2.10										95		Hydrocerol		0.15		14:15				27.20																164		12:45		0:10														LPP3 5%		170		10:40		0:30

		#2.11														0.1		14:35		0:20		27.20																																		LPP4 5%		174		11:00		0:20

		#2.12																14:35								2		C4		DP185A		40		Ecocell		LPP2 10%				12:35		1:00														LPP4 5%		170		11:30		0:30

		#2.13												talc				14:35																0.075%						12:55		0:20

		#2.14														1		14:55		0:20		27.20																		13:25		0:30

		#2.15														1.5		15:15		0:20		27.20														LPP3 10%				13:45		0:20

						adjusts												15:45		0:30																				14:15		0:30

						adjusts																25				2		C4		DP185A		150		Ecocell		LPP2 10%				14:15

				day 5		TBD		C4		DP5016J		80		LPP1				9:00		0:20														0.075%						14:15

														H603		30		9:20		0:00		18.6648																		14:15		0:00

												3%				15		9:35		0:15		17														LPP3 10%				14:45		0:30

														LPP2		30		9:50		0:15		14																		14:45

														EP200K		15		9:50		0:00		17				2		C4		DP185A		80		Ecocell		LPP3 10%				15:05		0:20

																																		0.075%						15:05

												40		LPp2		30		10:05		0:15		14																		15:05

														EP200K		15		10:20		0:15		17														LPP2 10%				15:35		0:30

												5%																												16:35		1:00

														LPP1		30		10:35		0:15		14				1.2		CO2		DP185A		150		Ecocell		LPP2 5%				16:35

														H603		15		10:50		0:15		17												0.075%		LPP2 10%				16:55		0:20

																				0:15																LPP3 5%				17:25		0:30

																																				LPP3 10%				17:45		0:20

																						128.6648														LPP4 5%				18:15		0:30

																																				LPP4 10%				18:35		0:20





Anular Die

		Anular Die						Productivity				90 kg/h

				Nucleation						C4								CO2																per hours

						Nucleant I		(kg/m³)		%		time per sample(h)		Material Consumption		Consume of Nucleant		(kg/m³)		%		time per sample(h)		Material Consumption		Consume of Nucleant						DP5016J				DP 185A

				1		density		80				0.333		30.0				150				0.500		45.0				Anular die				CO2		C4		CO2		C4

				2		thickness 2mm				0.5		0.333		30.0		0.150		1mm		0.5		0.333		30.0		0.150				Nucleant I		2.498		2.664		2.498		2.664

				3						1		0.333		30.0		0.300				1		0.333		30.0		0.300				Nucleant II		2.498		2.6643		2.498		2.6643

				4						1.5		0.333		30.0		0.450				1.5		0.333		30.0		0.450

																																10.3243				10.3243

								40				0.333		30.0																		20.6486		3.44		days

				5						0.5		0.333		30.0		0.150		100		0.5		0.333		30.0		0.150				Blend I				2.331				2.331

				6						1		0.333		30.0		0.300		1mm		1		0.333		30.0		0.300				Blend II				2.331				2.331

				7						1.5		0.333		30.0		0.450				1.5		0.333		30.0		0.450						4.662				4.662

						Nucleant II										1.8										1.8

						density		80				0.333		0.5				150				0.500										29.9726		5.00		days

				8		thickness 2mm				0.05		0.333		30.0		0.015				0.05		0.333		30.0		0.015								we have 3 days as mandril

				9						0.1		0.333		30.0		0.030				0.1		0.333		30.0		0.030

				10						0.15		0.333		30.0		0.045				0.15		0.333		30.0		0.045

																																DP 5016J

								40				0.3333		30.0																		12.6553

				11						0.05		0.333		30.0		0.015		100		0.05		0.333		30.0		0.015

				12						0.1		0.333		30.0		0.030				0.1		0.333		30.0		0.030				14.9863		1348.767

				13						0.15		0.333		30.0		0.045				0.15		0.333		30.0		0.045

				Blends								5		450		0.180						5		405		0.180

				20		Homopolymer MFI 2,0		80		5		0.333		18.5		1.4985

				21		0,5% talc				15		0.333		15.5		4.4955

				22		2 mm				30		0.333		11.0		8.991

												0.333		20.0		0

				23				40		5		0.333		18.5		1.4985						DP5016J		DP185A

				24						15		0.333		15.5		4.4955						15		15

				25						30		0.333		11.0		8.991		for each blend

														0.0		30.0						Total		6h/day

				26		Copolymer MFI 3,0		80		5		0.333		18.5								30		5.0		days

				27		0,5% talc				15		0.333		15.5

				28						30		0.333		11.0								Samples Amount

												0.333		20.0								1061.1

				29				40		5		0.333		18.5

				30						15		0.333		15.5								Blend amount

				31						30		0.333		11.0								209.79		Kg/ material

												4.662		109.9





CBA

				1)      150lbs - F006EC2 pellets blending component for the HMS PP formulation

				2)      ~90lbs - 10wt% Mistrocell talc masterbatch

				3)      ~40lbs - Ecocell 20P

				4)      ~30lbs - Ecocell 10P

				5)      ~ 30lbs - F006EC2/F006EC3 partials

				6)      ~55lbs - 10wt% HT4HP talc masterbatch

				7)      150 lbs -  DP5016J

				8)       500 lbs - DP185A

				9)      150 lbs -  Borealis Daploy WB140





Plan1

				condição				Output(kg/h)		HMS		GMS		Talc		CBA		Blend		OBS		Gas		%		Temp Z1		Temp Z2		Temp Z3		Temp Z4		Temp Z5		Temp Z6		Zon9		Zon10		Zon11		Zon12		Zon13		Zon14		Zon15		Z22		Z23		Z24		Tmelt		Energ Esp 1st		Energ Esp 2nd		P1		P4		P5		P8		densidade		cell/cm³		cell/cm³		cell/in³

																																																																										320

		1		#1		DP5016J		90		99.5				0.5								C4		3.42		50		195		195		195		195		195		195		195		173		68		170		170		172		173		167		168				0.182		0.008		141		100		81		40		62		411		4649		86489

		2		#2				90		99				1				0				C4		3.22		50		195		195		195		195		195		195		195		173		70		170		170		172		173		171		166				0.181		0.007		138		99		80		40		70		2166		5278		462950

		3		#3				90		98.5				1.5								C4		3.12		50		195		195		195		195		195		195		195		173		70		170		170		172		173		171		166				0.178		0.007		137		98		79		38		69		2717		28251		580711

		4		#4				90		99.95						0.005						C4		3.85		50		195		195		195		195		195		195		195		173		70		170		175		175		177		176		175				0.181		0.007		141		99		80		39		69		5140		35437		1038424				3.2533333333		172

		5		#5				90		99.9						0.01						C4		3.55		50		195		195		195		195		195		195		195		175		70		170		175		175		177		175		175				0.181		0.007		139		95		76		37		73		6403		63369		1349060

		6		#6				90		99.85						0.015						C4		3.41		50		195		195		195		195		195		195		195		175		70		170		175		175		177		175		175				0.171		0.007		132		93		74		35		70		7745		82325		1631759

		7		#7				90		99.85						0.015						C4		4.78		50		195		195		195		195		195		195		195		169		69		170		165		165		177		174		174				0.175		0.007		137		98		80		34		55		3493		99576		1198142

		8		#8				90		99.9						0.01						C4		5.02		50		195		195		195		195		195		195		195		170		70		170		166		166		177		173		174				0.177		0.006		139		97		79		33		43		2600		73115		737519				4.8866666667		166

		9		#9				90		99.95						0.005						C4		4.86		50		195		195		195		195		195		195		195		170		69		170		166		166		177		174		175				0.174		0.006		134		96		77		33		52		1131		45006		314685

		10		#10				90		99.5				0.5								C4		5.06		50		195		195		195		195		195		195		195		170		68		170		166		166		178		174		175				0.174		0.006		137		98		81		38		53		619		19203		182656				6		159

		11		#11				90		99				1								C4		5.09		50		195		195		195		195		195		195		195		170		68		170		170		166		177		174		173				0.171		0.007		137		97		79		37		50		1451		11146		403638

		12		#12				90		98.5				1.5								C4		5.17		50		195		195		195		195		195		195		195		170		70		170		166		166		177		175		174				0.17		0.006		133		97		79		38		53		3212		24632		893939

		13		#13				90		98				2								C4		4.9		50		195		195		195		195		195		195		195		169		69		170		166		166		176		174		174				0.174		0.006		132		92		74		33		53		3349		54551		949933

		14		#14				100		98				2								C4		6.04		50		195		195		195		195		195		195		195		160		70		168		159		159		168		165		167				0.179		0.006		150		109		91		37		52		3130		57968		1025936

		15		#15				100		98.5				1.5								C4		5.87		50		195		195		195		195		195		195		195		162		70		168		159		159		168		165		164				0.181		0.006		156		114		95		40		45		3303		62606		1082557

		16		#16				100		99				1								C4		6.09		50		195		195		195		195		195		195		195		161		67		168		159		159		167		167		163				0.178		0.006		160		119		100		45		45		1655		66062		554788

		17		#2.1				100		98.5		1		0.5								co2		1.14		50		195		195		195		195		195		195		195		177		70		175		177		177		177		175		177				0.191		0.01		175		126		102		55		140		2998		19272		315814

		18		#2.2				100		98		1		1								co2		1.22		50		195		195		195		195		195		195		197		177		70		1775		175		175		177		171		177				0.181		0.01		171		125		102		55		150		5238		31429		515028

		19		#2.3				100		97.5		1		1.5								co2		1.09		50		195		195		195		195		195		195		195		177		68		175		176		176		178		169		173				0.181		0.01		173		130		106		60		150		18103		108619		1779946

		20		#2.4				100						2								co2		1.14		50		195		195		195		195		195		195		195		178		68		175		177		176		179		181		184				0.182		0.01		168		129		106		60		150		30301		181805		2979249

		21		#2.5				100		98.995		1				0.005						co2		1.18		50		195		195		195		195		195		195		195		177		68		175		177		177		180		182		184				0.193		0.01		171		132		108		62		150		6770		40623		665689

		22		#2.6				100		98.9925		1				0.0075						co2		1.14		50		195		195		195		195		195		195		195		177		69		175		177		177		180		182		185				0.184		0.01		168		130		106		62		150		14232		85391		1399304

		23		#2.7				100		98.99		1				0.01						co2		1.12		50		195		195		195		195		195		195		195		176		68		175		177		177		179		180		184				0.195		0.01		176		132		108		63		150		16335		98011		1606114

		24		#2.8				100		98.985		1				0.015						co2		1.08		50		195		195		195		195		195		195		195		176		68		175		177		177		180		179		184				0.2		0.01		183		135		110		64		150		23868		143207		2346750

		25		#2.9				80		98.985		1				0.015						co2		1.95		50		195		195		195		195		195		195		195		176		69		175		177		177		179		182		185				0.175		0.008		147		109		90		54		107		17771		149472		2449409

		26		#2.10				80		98.985		1				0.015						co2		2.1		50		195		195		195		195		195		194		195		177		68		175		177		177		180		181		184				0.174		0.009		151		111		91		56		97		18675		173275		2839462

		27		#2.11				80		98.99		1				0.01						co2		2.13		50		195		195		195		195		195		195		195		177		70		175		177		177		180		180		185				0.17		0.009		149		110		90		56		97		15537		144160		2362367

		28		#2.12				80		98		1		1								co2		2.14		50		195		195		195		195		195		196		195		177		68		175		177		177		180		180		185				0.178		0.008		153		112		91		56		97		8693		80660		1321780

		29		#2.13				80		97.5		1		1.5								co2		2.01		50		195		195		195		195		195		196		195		176		70		175		177		177		180		175		185				0.178		0.008		158		112		91		56		97		22071		204780		3355748

		30		#3.1				80		68		1		1				30		H603		c4		3.1		50		195		195		195		195		195		195		195		173		68		173		170		169		173		173		172				0.173		0.01		143		101		76		41		63		990		14149		231860

		31		#3.2				80		83		1		1				15				c4		3.1		50		195		195		195		195		195		195		195		174		69		173		170		170		174		174		168				0.179		0.009		136		96		75		36		67		1037		13935		228358

		32		#3.3				80		68		1		1				30		EP200K		c4		3.1		50		195		195		195		195		195		195		195		174		68		173		170		170		173		175		175				0.166		0.009		123		83		64		36		67		1039		13950		228601

		33		#3,4				80		83		1		1				15				c4		3.1		50		195		195		195		195		195		195		195		174		70		173		170		170		174		172		175				0.166		0.008		126		87		68		35		66		1392		18976		310966

		34		#3.5				80		83		1		1				15				c4		6.2		50		195		195		195		195		195		195		195		168		70		173		160		160		173		172		172				0.166		0.008		119		81		64		32		47		1291		24730		405247

		35		#3.6				80		68		1		1				30				c4		6.25		50		195		195		195		195		195		194		195		168		70		173		160		160		173		168		171				0.166		0.008		124		87		70		34		46		1507		29475		483014

		36		#3.7				80		98.5		1		0.5								c4		6.4		50		195		195		195		195		195		194		195		174		67		173		173		172		175		175		176				0.165		0.007		101		68		53		34		45		824		16471		269919

		37		#3.8				80		98.5		1		0.5								c4		5.85		50		195		195		195		195		195		196		195		174		68		173		172		171		174		174		176				0.165		0.006		100		66		53		35		45		994		19886		325870

		38		#3.9				80		98.5		1		0.5								c4		6.4		50		195		195		195		195		195		194		195		175		68		173		170		170		172		173		175				0.168		0.007		113		75		61		37		45		745		14900		244163

		39		#3.10				80		98.5		1		0.5								c4		6.37		50		195		195		195		195		195		196		195		175		69		173		168		168		173		174		173				0.169		0.007		116		76		60		35		46		853		16698		273630

		40		#3.11				80		98.5		1		0.5								c4		5.6		50		195		195		195		195		195		194		195		174		70		173		166		166		172		173		172				0.166		0.007		110		75		61		35		46		827		16181		265164

		41		#3.12				80		98.5		1		0.5								c4		5.73		50		195		195		195		195		195		195		195		175		70		173		164		164		171		170		171				0.165		0.007		112		77		63		36		45		1199		23972		392834

		42		#3.13				80		98.5		1		0.5								c4		5.75		50		195		195		195		195		195		194		195		174		70		173		162		162		170		172		169				0.163		0.007		110		80		67		38		45		1204		24087		394708

		43		#3.14				80		98.5		1		0.5								c4		6.4		50		195		195		195		195		195		194		195		175		70		173		160		160		169		168		168				0.179		0.007		128		81		67		36		45		1043		20854		341738

		44		#3.15		DP5016J		80		98		1		1								c4		6.05		50		195		195		195		195		195		196		195		175		70		173		160		160		169		168		169				0.176		0.008		127		87		71		35		45		2409		48188		789661

		45		#3.16				80		98.925		1				0.075						c4		6.1		50		195		195		195		195		195		194		195		175		69		173		168		168		172		172		172				0.163		0.007		102		69		55		31		45		13510		270194		4427694

		46		#3.17				80		98.975		1				0.025						c4		6.34		50		195		195		195		195		195		196		195		175		68		173		168		168		171		172		172				0.152		0.007		98		67		54		31		43		2846		59562		976040

		47		#3.18				80		98.975		1				0.025						c4		6.2		50		195		195		195		195		195		196		195		174		68		173		166		166		171		173		171				0.176		0.006		114		70		56		32		43		2733		57205		937424																				24 x 2.296,02				24		2296.02		55104.48		1.377612		0.188806

		48		#3.19				80		98.975		1				0.025						c4		6.36		50		195		195		195		195		195		196		195		175		69		173		164		164		169		168		169				0.162		0.008		109		74		59		32		43		2654		55559		910450																				36 x 1.816,84				36		1816.84		65406.24		1.635156		0.2117186667

		49		#3.20				80		98.975		1				0.025						c4		6.16		50		195		195		195		195		195		194		195		175		70		173		162		162		169		172		170				0.155		0.008		105		75		61		33		43		2131		44601		730887																				48 x 1.568,48				48		1568.48		75287.04		1.882176		0.220544

		50		#3.21				80		98.975		1				0.025						c4		6.36		50		195		195		195		195		195		194		195		175		69		173		160		160		168		169		168				0.164		0.008		120		83		68		34		45		2278		45560		746596

		51		#3.22				80		98.9625		1				0.0375						c4		1.8		50		195		195		195		195		195		196		195		179		68		175		177		176		180		175		177				0.173		0.008		118		83		65		37		153		24473		143961		2359093

		52		#3.23				80		98.925		1				0.075						c4		1.43		50		195		195		195		195		195		196		195		179		70		175		178		178		180		180		178				0.181		0.008		126		83		63		38		150		35136		210819		3454698

		53		#3.24				80		98.925		1				0.075						c4		1.75		50		195		195		195		195		195		196		195		180		70		175		180		180		180		180		177				0.169		0.008		116		79		61		37		151		44688		266354		4364753

		54		#3.25				80		98.925		1				0.075						c4		1.87		50		195		195		195		195		195		195		195		180		70		175		182		182		180		181		180				0.168		0.007		105		74		56		36		152		41304		244560		4007625

		55		#4.1				100		99				1								c4		1.74		50		195		195		195		195		195		194		195		179		68		175		175		175		179		175		178				0.181		0.008		120		84		65		33		0		0		0		0

		56		#4.2				100		99				1								c4		3.93		50		195		195		195		195		195		196		195		174		68		175		172		172		175		178		175				0.169		0.008		112		79		62		33		65		1,424		19,722		323,192

		57		#4.3				100		99				1								c4		3.99		50		195		195		195		195		195		194		195		174		68		175		170		170		175		176		175				0.178		0.008		121		86		68		34		63		996		14,234		233,250

		58		#4.4				100		99				1								c4		3.9		50		195		195		195		195		195		194		195		174		67		175		168		168		175		175		175				0.183		0.008		129		90		72		34		63		1,762		25,176		412,568

		59		#4.5				100		99.925						0.075						c4		3.82		50		195		195		195		195		195		194		195		174		69		175		168		168		174		175		175				0.173		0.008		127		90		72		34		60		10,015		150,225		2,461,752

		60		#4.6				100		99.925						0.075						c4		2.16		50		195		195		195		195		195		196		195		181		68		175		180		179		183		180		179				0.177		0.008		122		84		65		34		150		34,720		208,320		3,413,760

		61		#4.7				120		99.925						0.075						c4		1.52		50		195		196		196		195		195		195		195		181		68		175		180		180		183		179		180				0.186		0.007		144		100		79		37		145		32,802		203,601		3,336,430

		62		#4.8				140		99.925						0.075						c4		1.78		50		195		195		195		195		195		195		196		180		69		175		176		176		182		181		179				0.191		0.007		153		112		89		40		146		29,683		182,978		2,998,466

		63		#4.9				100		99.925						0.075						c4		2.05		50		195		195		195		195		195		195		196		180		69		175		178		178		183		180		181				0.182		0.008		157		120		99		60		155		32,851		190,751		3,125,843

		64		#4.10		lpp2		100		89.925						0.075		10				c4		1.69		50		195		195		195		195		195		196		195		179		68		175		180		180		183		182		180				0.186		0.009		172		128		103		63		155		28,217		163,843		2,684,902

		65		#4.11		lpp3		100		88.925		1				0.075		10				c4		1.57		50		195		195		195		195		195		194		195		180		70		175		180		180		184		180		181				0.191		0.009		178		135		109		66		160		20,301		114,193		1,871,291

		66		#4.12				100		98.925		1				0.075						co2		1.31		50		195		195		195		195		195		196		195		186		70		74		175		184		184		188		190				0.191		0.008		157		111		88		56		152		23,164		137,157		2,247,595

		67		#4.13				100		98.925		1				0.075						co2		1.21		50		195		196		196		195		195		195		195		186		68		175		181		182		188		188		188				0.178		0.00888		142		103		83		55		152		21,938		129,895		2,128,601

		68		#4.14				100		98.925		1				0.075						co2		1.17		50		195		196		196		195		195		195		195		186		68		175		180		180		188		189		188				0.173		0.008		138		102		82		55		152		19,354		114,597		1,877,909

		69		#4.15				100		98.925		1				0.075						co2		1.28		50		195		195		195		195		195		195		195		185		69		175		178		178		188		188		187				0.19		0.008		149		110		90		57		145		22,341		138,671		2,272,408

		70		#4.16				100		98.925		1				0.075						co2		1.23		50		195		195		195		195		195		195		195		185		69		175		176		176		185		186		175				0.18		0.008		145		110		91		57		145		25,587		158,817		2,602,543

		71		#4.17				100		98.925		1				0.075						co2		1.24		50		195		195		195		195		195		195		195		183		68		183		173		174		188		186		186				0.181		0.009		150		115		94		58		145		24,141		149,839		2,455,428

		72		#4.18				120		98.925		1				0.075						co2		1.19		50		195		195		195		195		195		196		195		183		69		175		174		174		188		186		186				0.187		0.008		164		126		103		61		140		16,417		105,538		1,729,458

		73		#4.19				140		98.925		1				0.075						co2		1.19		50		195		195		195		195		196		197		195		185		70		175		174		174		188		187		186				0.197		0.007		174		133		110		63		137		16,730		109,904		1,801,007																		500000		3.7		18500		20350		92.5		6.6071428571

		74		#5.1				100		93.925		1				0.075		5		LPP2		co2		1.08		50		195		195		195		195		196		195		196		175		70		175		174		173		181		178		179				0.177		0.009		163		128		106		65		155		12,363		71,787		1,176,385										12		12

		75		#5.2				100		93.925		1				0.075		5		LPP2		co2		1.12		50		195		195		195		195		196		195		193		176		68		175		170		170		182		182		179				0.188		0.01		175		139		116		66		147		12,346		75,590		1,238,705										16		12

		76		#5.3				100		93.925		1				0.075		5		LPP3		co2		1.25		50		195		195		195		195		196		195		197		176		67		175		170		170		182		182		181				0.193		0.01		184		143		11		66		147		11,743		71,895		1,178,145										16		12

		77		#5.4				100		93.925		1				0.075		5		LPP3		co2		1.19		50		195		195		195		195		195		195		194		176		68		175		174		174		182		180		179				0.186		0.009		170		131		108		64		148		11,037		67,119		1,099,882												12

		78		#5.5				100		93.925		1				0.075		5		LPP4		co2		1.28		50		195		195		195		195		195		194		194		175		68		175		174		174		182		182		180				0.185		0.009		166		130		106		63		147		17,297		105,901		1,735,400												10

		79		#5.6				100		93.925		1				0.075		5		LPP4		co2		1.2		50		195		195		195		195		195		195		195		176		70		175		170		170		182		182		181				0.193		0.01		186		144		120		67		150		14,613		87,675		1,436,737										32		36
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9 HMS-PP PROCESSING

General overview:
– Foaming temperatures:

– It is clear the effect of endothermic CBA.
• The  endothermic CBA absorb internally the heat to lower amount of gases. 

– To CO2 it is much less sensible, being around 175-180°C



10

75.000 cell/cm³ 180.000 cell/cm³

Cell Number

Well formed wall cells. On the limit
Superficial microfibrillation

Ruptured cells
Do not supported the final 
impingement process.

Integrity?
15.000 cell/cm³

closed closed open

HMS-PP PROCESSING

Conversion factor from cells/cm³ to cells/in³  16,38



11 HMS-PP PROCESSING  - iC4

 Nucleant effects:
– A good foam is determined by the capability to control the close cell content and not by the 

capability to of reach vey low densities 
• Good materials retains high level of close cell content in all ranges of cell density 

capability  to control final properties to a specified application.

• TALC

• The decrease in cell content is quite slow and a good final performance are 
achieved.

Conversion factor from cells/cm³ to cells/in³  16,38

Talc increase



12 HMS-PP PROCESSING – iC4

Nucleant effects:
– CBA – Chemical Blowing Agents.

– The use od CBA affects significantly cell nucleation maintaining the closed cell 
content.

CBA-1 increase



13 HMS-PP PROCESSING – iC4

Nucleant effects:
– CBA – Chemical Blowing Agents.

– With higher gas amount, the efficiency of CBA are reduced but still much better 
than Talc, maintaining the cells integrity.

CBA-2 increase



14 HMS-PP PROCESSING – CO2

Nucleant effects:
– Talc

– Amppleo shows a suitable response to cell nucleation, avoiding change due 
some CBA feeding oscillation.

Talc



15 HMS-PP PROCESSING – CO2

Nucleant effects:
– CBA – Chemical Blowing Agents.

CBA-1 increase

 To CO2 the efficiency has equal to C4 but at lower degree, 
permitting generate sample with large cell count and high 
closed cells content.

 Suitable response to CBAs: easy to control final product 
morphology.



16 BRASKEM HMS-PP CONCLUSIONS

This paper demonstrates the melt rheological attributes and foam 
processing of Amppleo 1020GA;
Performance properties of Braskem’s new high melt strength PP, 

Amppleo 1020GA was demonstrated:
– Broad processing window;
– Different foaming densities; 
– Different blowing agents;
– Different cell nucleators.

Capability to design foams for final applications.
– Amppleo is a new option in the market for PP foams development.



Houston, February 28th, 2017.

Obrigado!
Thank you!
Gracias!
Danke!
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