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中国区域内具有代表性的全水发泡产品比较与评价
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(江苏省化工研究所  江苏南京 210024)


摘  要：针对中国区域内具有代表性的全水发泡硬质聚氨酯泡沫塑料产品的性能进行了介绍和比较，评价其性能对于建筑物保温、管道保温、夹心板材、汽车内饰件等应用领域的适应性。
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1  前言

全水发泡技术，实质是以水和异氰酸酯反应生成的二氧化碳作发泡剂，其ODP值为0，是取代CFCs的最佳候选者之一。但是，全水发泡硬质聚氨酯泡沫技术存在一些潜在的技术缺陷，如果不能够被有效地克服，将会限制全水泡沫的推广和应用。目前，在中国区域内，全水发泡技术研究正在兴起，但是大规模的应用尚处于起步阶段。目前，南京红宝丽股份有限公司、航天科技集团公司五一○研究所、山东东大化学工业集团公司、江苏省化工研究所等具有一定生产、开发能力的企业、研究机构已经或正在从事全水发泡聚氨酯技术技术研究；而金陵拜耳聚氨酯有限公司、亨斯迈聚氨酯（中国）有限公司、Dow化学中国有限公司、巴斯夫展宇聚氨酯（中国）有限公司等外资背景公司以及南京红宝丽股份有限公司、江苏省化工研究所等少数国内企业已经能够提供较全面的系列全水发泡聚氨酯组合料产品。

2  全水发泡产品比较与评价

我们按照上述全水发泡聚氨酯产品的应用领域分类，进行比较与评价。

2.1  应用于集中供热管道保温的全水发泡硬质聚氨酯泡沫塑料

由于聚氨酯硬泡具有优异的绝热性能、成型简便，同内外层的强粘接力，使其与外套管和内芯管形成强度大、重量轻、坚固耐用的结构，此种预制绝热管主要用于石油运输、液化石油气输送、地区集中供暖和热水供应、空调冷却系统和冷却水输送及化学品输送。表1为在国内市场上的几种集中供热管道保温用全水发泡聚氨酯硬泡的实测性能。

表1  几种集中供热管道保温用全水发泡聚氨酯硬泡的性能

	检测项目（单位）
	指标值
	Bayer公司Baytherm TPPU22HK84CPP3
	Huntsman公司ME44204
	HY

产品
	HB

产品

	
	
	I
	II
	III
	I
	II
	III
	I
	I

	密度/kg·m－3
	(60
	86
	81.7
	77.9
	67.3
	66.8
	73.5
	51.8
	72.9

	压缩强度/kPa
	(300
	550
	670
	616
	563
	562
	408
	272
	520

	剪切强度/kPa
	―
	460
	―
	―
	366
	―
	―
	265
	―

	吸水率/%
	(10
	6.1
	5.9
	4.9
	3.0
	5.17
	8.86
	2.6
	7.1

	导热系数/W·(m·K)－1
	(0.033
	0.030
	0.033
	0.033
	0.0285
	0.033
	0.033
	0.027
	0.033

	闭孔率/%
	(88
	94
	93.2
	93.8
	96.9
	93.8
	93.8
	97
	93.8


注：“指标值”为标准CJ/T114 -2000“高密度聚乙烯外护管聚氨酯泡沫塑料预制直埋保温管”的技术指标；I为实验室制样，II为天津市管道工程集团保温管厂产品抽样，III为北京豪特耐集中供热系统有限公司产品抽样。HY代表兰州510研究所，HB代表南京红宝丽股份有限公司。
由表1数据对比可以得出以下结论：

(1) Bayer公司Baytherm/BJ3-5001和Huntsman公司ME44204集中供热管道保温用全水发泡硬质聚氨酯泡沫塑料的性能指标基本上符合相关的供热管道保温泡沫国家标准；

(2) 它们的最终产品检测报告的导热系数接近指标值，并且高于实验室制样检测数据；

(3) Bayer公司的Baytherm TPPU22HK84CPP3泡沫产品需要更高的填充密度才能达到Huntsman公司ME44204泡沫产品的强度性能；

(4) 航天科技集团兰州510研究所泡块由于实验室制样密度没有达到60 kg/m3以上，导致其强度偏低，不能满足国家标准的强度要求，但是其导热系数只有0.027 W/(m·K)，因此，通过提高模塑填充密度20％以上，应该能够达到强度要求，并且将导热系数控制在0.033 W/(m·K)以内。

2.2  应用于建筑物隔热的全水发泡硬质聚氨酯泡沫塑料硬质聚氨酯泡沫塑料
在建筑物上应用的硬质聚氨酯泡沫塑料主要作为屋顶平面或坡面的防水、保温层，工业建筑结构的墙壁，冷藏建筑的隔热墙。密度在30～45 kg/m3范围。硬质聚氨酯泡沫塑料用于建筑保温，主要具有以下优点：(1) 特别是在寒冷、炎热地区的隔冷、隔热性能优异，节约能耗；(2) 现场施工，成型快，工期短（1000m2/8h）；(3) 使用寿命长，带表面覆盖层可达25年以上；(4) 比强度高；(5) 阻燃型具有良好的防火安全性；(6) 重量轻。

表2和表3列举了江苏省化工研究所和Bayer公司的全水发泡喷涂型硬质聚氨酯泡沫的性能指标、建筑物隔热用硬质聚氨酯泡沫塑料物理性能国家标准。

表2  建筑用全水发泡聚氨酯硬泡的性能

	检测项目
	江苏省化工研究所
	Bayer公司
	国标建筑硬泡指标

	
	JDPU303

/ISO303
	JDPU303N

/ISO303
	单聚醚型泡沫
	Baytherm

BJ3-5001
	I类
	II类

	密度/kg·m－3
	38.8
	42.1
	33.9
	32.4
	≥30
	≥30

	压缩强度/kPa
	293
	204
	263
	128
	≥100
	≥150

	拉伸强度/kPa
	393
	254
	542
	－
	－
	－

	吸水率/%
	2.3
	1.3
	变形
	－
	≤4
	≤3

	导热系数/W·(m·K)－1
	0.0256
	0.0251
	0.025
	0.029
	A≤0.022, B≤0.027

	线性尺寸变化率/%
	
	
	
	
	

	  80℃ 24h 
	0.5
	0.4
	0.5
	－
	＜5 (70℃ 48h)

	  －25℃24h
	0.2
	0.1
	2.8
	－3.2
	－

	平均燃烧时间/s
	―
	27.6
	－
	－
	2级≤90

	平均燃烧范围/mm
	－
	19.8
	－
	－
	2级≤50

	燃烧速率/mm/min
	－
	43.0
	
	－
	


注：燃烧性能采用水平燃烧法试验方法测定。GB/T 10800－89“建筑物隔热用硬质聚氨酯泡沫塑料”的I类适合于承受轻负载，II适合于承受重负载，根据导热系数不同分为A、B两级。

表3  建筑用全水发泡聚氨酯硬泡的性能检测数据
	检测项目
	JDPU303/ISO303
	JDPU303N/ISO303
	Baytherm BJ3-5001

	
	放大抽样
	实验室制样
	放大抽样
	实验室制样
	放大抽样
	实验室制样

	密度/kg·m－3
	38.8
	37.0
	42.3
	42.1
	34.3
	32.4

	压缩强度/kPa
	293
	276
	403
	204
	146
	128

	拉伸强度/kPa
	393
	323
	546
	254
	－
	－

	吸水率/%
	2.3
	3.1
	2.5
	1.3
	变形
	－

	导热系数/W·(m·K)－1
	0.0256
	0.0243
	0.0266
	0.0251
	0.0268
	0.029

	线性尺寸变化率/ %
	
	
	
	
	
	

	  80℃ 24h 
	0.5
	0.3
	0.5
	0.4
	1.1
	－

	  －25℃24h
	0.2
	0.4
	0.2
	0.1
	0.1
	－3.2

	平均燃烧时间/s
	－
	－
	52
	27.6
	－
	－

	平均燃烧范围/mm
	－
	－
	43
	19.8
	－
	－

	燃烧速率/mm/min
	－
	－
	72.4
	43.0
	－
	－


由表2和表3的数据可以看到：

(1) 江苏省化工研究所的JDPU303/ISO303非阻燃型全水喷涂硬质聚氨酯泡沫的性能完全满足建筑物隔热用硬质聚氨酯泡沫塑料物理性能国家标准的一般标准；

(2) JDPU303N/ISO303阻燃型全水喷涂喷涂硬质聚氨酯泡沫则更进一步地满足2级阻燃要求，为了降低小分子阻燃剂对于泡沫基体的溶解、增塑作用，势必要提高阻燃型全水喷涂喷涂硬质聚氨酯泡沫的整体密度；

(3) 单体聚醚型全水发泡喷涂型硬质聚氨酯泡沫的绝热性能表现不俗，但需要在热稳定性、抗吸水性能方面加以改进；

(4) Bayer公司的全水发泡喷涂型硬质聚氨酯泡沫在绝热性能、低温稳定性方面则需要进行完善。

2.3  应用于非连续法金属夹心板聚氨酯硬质泡沫

非连续法金属夹心板可以广泛应用于以下领域：墙面或屋顶隔热板、车库及大门、冷藏库板材、移动式冷藏箱及冷藏车。表4为Dow化学(中国)有限公司用于非连续法金属夹心板的聚氨酯硬泡VoracorCD794/VoracorCE101的性能指标。表5为BASF展宇聚氨酯（中国）有限公司同类全水发泡硬泡CH1301/2的性能指标。

表4  Dow公司的非连续法夹心板用聚氨酯硬泡Voracor CD794/Voracor CE101的性能

	检测项目
	实测值
	Dow公司企业标准

	密度/kg·m－3
	47
	≥45

	闭孔率/％
	93
	≥92

	导热系数/W·(m·K)－1
	0.0238
	≤0.024

	压缩强度/kPa
	210
	≥170

	尺寸稳定性(－25℃ 48h)/％
	0.6
	≤1

	尺寸稳定性(70℃ 48h)/％
	0.2
	≤1


      表5  BASF展宇（中国）有限公司用于夹心板的全水发泡聚氨酯硬泡CH1301/2的性能指标

	样品型号 检测项目（单位）
	实测值
	测试标准

	密度/kg·m－3
	65
	DIN EN ISO845

	弯曲强度/kPa
	650
	DIN53423

	弯曲量/mm
	12
	DIN53423

	压缩强度/kPa
	300
	DIN53428

	压缩变形率/％
	10
	DIN53428

	24小时吸水率（v/v）/％
	1.4
	DIN53421


    Dow化学（中国）有限公司VoracorCD794/VoracorCE101和BASF展宇（中国）有限公司CH1301/2两种型号的非连续法金属夹心板聚氨酯硬质泡沫的性能与标准虽然没有明显的可比性，但是VoracorCD794/VoracorCE101的卓越的绝热性能和尺寸稳定性使其能够满足冷藏、冷库的一般要求，而CH1301/2较高的抗弯曲强度能够满足大跨度金属浪板的强度需要。

2.4  应用于汽车内饰件基材的热塑性硬质聚氨酯泡沫塑料
近二十年来，世界范围内有关汽车车顶内饰件的成型技术取得了显著进步。成型顶的基础材料经历了从瓦楞板、胶粘纤维、玻璃棉、发泡聚苯乙烯(EPS)到以聚氨酯为基材的TRAMIVEX工艺、热塑性硬质聚氨酯车顶(thermoformable-PU foam)。全水发泡热塑性硬质聚氨酯泡沫塑料是伴随着轿车工业的高速发展应运而生的一种新型轿车内装饰件基材。它具有密度低、比强度高、吸声性能好以及热压成型所必需的优异的柔韧性和延展性，其具有如下优点：

(1) 作为基础材料的聚氨酯材料密度只有35～45 kg/m3；

(2) 单位面积自重最小，大约750～1000 g/m2；

(3) 良好的高温加工性，在180～220℃下可以稳定成型；

(4) 良好的复合自增强性满足了车顶内饰的刚性要求。

表6为国内市场几种热塑性硬质聚氨酯泡沫塑料的性能指标。

表6  国内市场几种热塑性硬质聚氨酯泡沫塑料的性能指标
	检测项目
	江苏省化工研究所

TPU100/ISO100
	Bayer公司

SI6011-2/88IS04
	浙江华江塑料有限公司

企业标准

	密度/kg·m－3
	35.9
	43
	40(5

	压缩强度/kPa
	197
	180
	(130

	拉伸强度/kPa
	263
	329
	(200

	伸长率/%
	15
	15
	(5

	弯曲强度/kPa
	321
	252
	(180

	线性尺寸变化率/%

（110℃、24h）
	0.4
	0.3
	(1


表6显示，Bayer公司的SI6011-2/88IS04热塑性硬质聚氨酯泡沫塑料具有优异的拉伸强度，江苏省化工研究所的TPU100/ISO100热塑性硬质聚氨酯泡沫塑料却在相对低密度的条件下具有较高的压缩强度和弯曲强度；浙江华江塑料有限公司在对两种产品的生产对比中发现，Bayer公司的SI6011-2/88IS04热塑性硬质聚氨酯泡沫塑料在大尺寸泡块的整体密度分布均匀性方面具有较大优势。

3  结束语

(1) 目前，在中国区域内，能够提供较全面的系列全水发泡聚氨酯组合料产品的企业主要是金陵拜耳聚氨酯有限公司、亨斯迈聚氨酯（中国）有限公司、Dow化学（中国）有限公司、巴斯夫展宇聚氨酯（中国）有限公司等外资公司以及南京红宝丽股份有限公司、江苏省化工研究所、航天科技集团公司五一○研究所等少数国内企业；

(2) 全水发泡聚氨酯产品在绝热要求较高的应用领域（如冰箱行业）没有竞争力，它的发展方向应定位于对绝热性能要求不高的建筑物保温、管道保温、夹心板材、装饰材料、汽车内饰件材料；

(3) 统一的、具有可比性的全水发泡产品国家标准或行业标准的制定势在必行。

声明：

本篇文章中的所有数据仅对所测试的样品本身负责，并不代表或暗示该产品的真实性能，特此声明。
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1  INTRODUCTION

Water-blown polyurethane foam technology, for which ODP is 0, is one of the best substitution of CFCs. The blowing agent is carbon dioxide, which is reacted by water and isocyanate. Nevertheless, there is still some potential defect in water-blown rigid polyurethane foam technology. The popularization would be limited unless the defect is overcome effectively. At the moment, the research on water-blown technology is rising in China, but the application in large scale is still at the beginning. Some enterprises and research institutes capable of production and development have begun the research on water-blown technology, such as Nanjing Hongbaoli Stock Company, 510 Research Institute of Aerospace Science And Technology Group Company, Shandong Dongda Chemical Industry Group Company and Jiangsu Institute of Chemical Industry. Foreign companies such as Huntsman PU (China) Company, Dow Chemical (China) Company, BASF Headway PU (China) Company, and a few domestic enterprises such as Nanjing Hongbaoli Stock Company and Jiangsu Institute of Chemical Industry can provide series of products for water-blown polyurethane premix.

2  COMPARISON AND EVALUATION OF WATER-BLOWN POLYURETHANE FOAM PRODUCTS

We make the comparison and evaluation for the above water-blown polyurethane foam products classified with the application.

2.1  Water-blown rigid polyurethane foam for pipeline central heat transmission 

Rigid polyurethane foam has good heat resistance, simple shaping, good adhesion with inside and outside layer. The property makes the outside pipeline and the inside pipeline form the structure of high strength, low weight and good solidity. The preinsulated pipe is mainly used in the transmission of petroleum, liquefied petroleum gas, central heat and hot-water and air conditioning, cooling water and chemical products. Table 1 shows the tested data of the property of some water-blown rigid polyurethane foam for central heat insulated pipe in the domestic market. 

The conclusion can be drawn from the data in Table 1:

(1) The property index of water-blown rigid polyurethane foam for central heat insulated pipeline, which is Bayer Baytherm/TPPU22HK84CPP3 and Huntsman ME44204, accords with the national standard of insulated pipe foam on the whole.

(2) The thermal conductivity in the test report for their end-product is closed to the index and higher than the laboratory sample.

(3) The foam product of Bayer baytherm/TPPU22HK84CPP3 needs more packed density to get the same strength property of the foam product of Huntsman ME44204.

(4) The density of laboratory sample of 510 Research Institute of Aerospace Science And Technology Group Company doesn't achieve 60kg/m3, which makes it with  low strength, so it can’t fulfill the requirement of strength of national standard. But the thermal conductivity is only 0.027W/(m·K), so it can fulfill the requirement of strength by more packed density up to 20%, and the thermal conductivity could be within 0.033W/(m·K).

Table 1. The property of some water-blown rigid polyurethane foam for central heat insulated pipe in the domestic market

	Item (unit)
	Index data
	Bayer Company TPPU22HK84CPP3
	Huntsman Company
ME44204
	HY products
	HB procucts

	
	
	Ⅰ
	Ⅱ
	Ⅲ
	Ⅰ
	Ⅱ
	Ⅲ
	Ⅰ
	Ⅰ

	Density/kg·m-3
	≥60
	86
	81.7
	77.9
	67.3
	66.8
	73.5
	51.8
	72.9

	Tensile strength
	≥300
	550
	670
	616
	563
	562
	408
	272
	520

	Shear strength/kPa
	—
	460
	—
	—
	366
	—
	—
	265
	—


	Water absorption/%
	≤10
	6.1
	5.9
	4.9
	3.0
	5.17
	8.86
	2.6
	7.1

	Thermal conductivity/
W·(m·K)-1
	≤0.033
	0.030
	0.033
	0.033
	0.033
	0.0285
	0.033
	0.027
	0.033

	Fraction of closed cells/%
	≥88
	94
	93.2
	93.8
	96.9
	93.8
	93.8
	97
	93.8


Annotation: “Index data” is the technology index of standard CJ/T114-2000 “Polyurethane preinsulated pipe with high density polyethylene liner”.Ⅰstands for the laboratory sample. Ⅱ stands for the sample of Tianjin pipeline engineering group pre-insulated pipe factory. Ⅲ stands for the sample of Beijing HTN district heating equipment company. HY stands for Lanzhor 510 research institute. HB stands for Nanjing Hongbaoli Co. Ltd.

2.2  Water-blown rigid polyurethane foam for building insulation

Rigid polyurethane foam for building is mainly used as the waterproof and insulated layer on the flat or sloping roof, the wall of industrial building structure, the insulated wall of reefer building. The density is between 30 and 45 kg/m3.  Rigid polyurethane foam for insulated building has the following advantages mainly: (1) It has good thermal insulation and saves the energy, especially in cold and scorching area; (2) It’s constructed at the spot and processed rapidly, and the time limit for project is short (1000m2/8h); (3) It has a long use age up to more than 25 years with surface coverage; (4) It has high specific strength; (5) It provides good fireproof safety when it’s inflaming retarding; (6) The weight is low. 

Table 2 and Table 3 lists the property of water-blown sprayed rigid polyurethane foam made by Jiangsu Institute of Chemical Industry and Bayer Company, and the national standard of physical property of insulated rigid polyurethane foam for building. 

Table 2. The property of water-blown rigid polyurethane foam for building

	Item
	Jiangsu Institute of Chemical Industry
	Bayer Company
	National standard of rigid polyurethane foam for building

	
	JDPU303

/ISO303
	JDPU303N

/ISO303
	Foam by single-polyol
	Baytherm BJ3-5001
	typeⅠ
	typeⅡ

	Density/kg·m-3
	38.8
	42.1
	33.9
	32.4
	≥30
	≥30

	Compressive strength/kPa
	293
	204
	263
	128
	≥100
	≥150

	Tensile strength/kPa
	393
	254
	542
	—
	—
	—

	Water absorption/%
	2.3
	1.3
	Distortion
	—
	≤4
	≤3

	Thermal conductivity/W·(m·K)-1
	0.0256
	0.0251
	0.025
	0.029
	A≤0.022,B≤0.027


 Cont. of Table 2.

	Dimensional stability/%
	

	  80℃ 24h
	0.5
	0.4
	0.5
	—
	＜5(70℃ 48h)

	  -25℃ 24h
	0.2
	0.1
	2.8
	-3.2
	—

	Average burning time/s
	—
	27.6
	—
	—
	Grade 2 ≤90

	Average burning range/mm
	—
	19.8
	—
	—
	Grade 2 ≤90

	Burning speed/mm/min
	—
	43.0
	—
	—
	


Annotation: The burning property is determinated with method of horizontal burning. In GB/T 10800-89 “Insulated rigid polyurethane foam for building”, type Ⅰ is fit for light load and type Ⅱ is fit for heavy load. They can be divided to grade A and grade B according to thermal conductivity.

Table 3. The data of the property of water-blown rigid polyurethane foam for building

	Item
	JDPU303/
ISO303
	JPDU303N/
ISO303
	Baytherm/

BJ3-5001

	
	Pilot sample
	Lab sample
	Pilot sample
	Lab
sample
	Pilot sample
	Lab
sample

	Density/kg·m-3
	38.8
	37.0
	42.3
	42.1
	34.3
	32.4

	Compressive strength/kPa
	293
	276
	403
	204
	146
	128

	Tensile strength/kPa
	393
	323
	546
	254
	—
	—

	Water absorption/%
	2.3
	3.1
	2.5
	1.3
	Distortion
	—

	Thermal conductivity/W·(m·K)-1
	0.0256
	0.0243
	0.0266
	0.0251
	0.0268
	0.029


	Dimensional stability/%
	

	  80℃ 24h
	0.5
	0.3
	0.5
	0.4
	1.1
	—

	  -25℃ 24h
	0.2
	0.4
	0.2
	0.1
	0.1
	-3.2

	Average burning time/s
	—
	—
	53
	27.6
	—
	—

	Average burning range/mm
	—
	—
	42
	19.8
	—
	—

	Burning speed/mm/min
	—
	—
	72.4
	43.0
	—
	—


From the data of Table 2 and Table 3, it's clearly that:

Water blown spray rigid PU foam JDPU 303/ISO 303 produced by Jiangsu Institute of Chemical Industry has good mechanical properties, which reach the national standard of rigid PU foam for building insulation.

JDPU 303N/ISO 303 has fine flame, satisfy the national standard's requirement about fire retardant. Due to solution and plasticization of fire retarding agent on foam matrix, the water blown rigid PU foam has higher density. 

The water blown foam made by polyether composition which is composed of single- polyol has fine insulation, its thermal stability and water adsorption is excepted to be improved.

The water blown foam made by Bayer company need make thermal stability and low temperature dimensional stability better.

2.3  Rigid PU foam applied discontinuous laminated panel with mental surface
Discontinuous laminated panel with mental surface are widely used in the following application: wall or roof insulation, garage and gate, refrigerated warehouses, refrigerated truck and movable reefer container.  Table 4 is the property of rigid polyurethane foam Voracor CD794/Voracor CE101 (for uncontinuous metal sandwich panel) made by Dow Company. Table 5 is the property of rigid polyurethane foam CH1301.2 (for sandwich panel) made by BASF Headway PU (China) Company

Table 4. The property of rigid polyurethane foam Voracor CD794/Voracor CE101
(for discontinuous sandwich panel) made by Dow Company

	Item
	Data
	Enterprise standard of Dow 

	Density/kg·m－3
	47
	≥45

	Fraction of closed cell/％
	93
	≥92

	Thermal conductivity/W·(m·K)－1
	0.0238
	≤0.024

	Compressive strength/kPa
	210
	≥170

	Dimensional stability (－25℃ 48h)/％
	0.6
	≤1

	Dimensional stability (70℃ 48h)/％
	0.2
	≤1


Table 5. The property of rigid polyurethane foam CH1301.2 (for sandwich panel) 
made by BASF Headway PU (China) Company

	Item
	Data
	Standard

	density/kg·m－3
	65
	DIN EN ISO845

	Bending strength/kPa
	650
	DIN53423

	Bending distortion/mm
	12
	DIN53423

	Compressive strength /kPa
	300
	DIN53428

	Compressive distortion/％
	10
	DIN53428

	Water absorption in 24 hours（v/v）/％
	1.4
	DIN53421


The property and standard of the above two types of discontinuous laminated panel with mental surface is not comparale, but the remarkable heat insulation and dimensional stability of VoracorCD794/VoracorCE101 makes it satisfied with the basic requirement of reefer container. And the high bending strength makes CH1301/2 meet the need of the strength of large stretch metal wave panel.

2.4 Thermoformable PU foam applied in automotive internal trimming

In the past twenty years, The forming technology of automotive headliners has been improved in the world. The matrix of forming headliners developed from corrugated board, adhesive fiber, glass fiber, polystyrene foam (EPS) to thermoformable-PU foam. Water-blown thermoformable-PU foam is a kind of new automotive internal trimming matrix, which is produced with the rapid development of automotive industry. Automobile roof trims thereby have lightweight, dimensional stability, excellent thermal insulation and good voice absorption. The kinds of PU foam have the following qualities making it suitable as automobile roof trim material:

(1) Polyurethane material as matrix has density of 35~45kg/m3; 

(2) Its weight per unit is about 750~1000g/m2;

(3) Excellent high temperature formability and can be formed at 180~220℃;
(4) Good self-resistance structure satisfies request of automotive headliners.
Table 6 shows the properties of several thermoformable rigid polyurethane foams in domestic market.

Table 6. The property of several thermoformable rigid polyurethane foam in domestic market

	Item
	Jiangsu Institute of Chemical Industry
	Bayer Company SI6011-88ISO4
	The enterprise standard of Zhejiang Huajiang Plastic Co.Ltd

	Density/kg·m－3
	35.9
	43
	40(5

	Compressive strength/kPa
	197
	180
	(130

	Tensile strength/kPa
	263
	329
	(200

	Elongation/%
	15
	15
	(5

	Bending strength/kPa
	321
	252
	(180

	Dimensional stability(110℃24h)/%
	0.4
	0.3
	(1


Table 6 shows that the thermoformable rigid polyurethane foam SI6011-2/88IS04 made by Bayer Company has good tensile strength, and the foam TPU100/ISO100 made by Jiangsu Institute of Chemical Industry has higher compressive strength and bending strength in the condition of lower density. Zhejiang Huajiang Plastic Company, Ltd found from the comparison in the application of above two materials that the foam SI6011-2/88IS04 is more superior in the density regular distribution of bulky foam. 

3  CONCLUSION

(1) At present, the enterprises which can provide series product of water-blown polyurethane premix consists of foreign companies such as Huntsman PU(China) Company, Dow Chemical(China) Company, BASF Headway PU(China) Company, and a few domestic enterprises such as Nanjing Hongbaoli Stock Company, Jiangsu Institute of Chemical Industry and 510 Research Institute of Aerospace Science And Technology Group Company.

(2) Water-blown polyurethane foam products has no competition in the application of rigid requirement of insulation(e.g. refrigerator). The development should be the application of building insulation, insulated pipe, laminated panel, decoration, automotive internal trimming, which has low requirement on insulation. 

(3) The unified comparative national standard or the trade standard of water-blown polyurethane foam should be drawn up imperatively.

ANNOUNCEMENT: 

All of the data in the article is responsible for the tested sample and doesn’t represent or suggest the real property of the product. 
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