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CFC-11和环戊烷发泡体系中聚合MDI二环化合物

含量与应用性能关系的对比研究

马德强   张衍荣   齐旺顺

（烟台万华聚氨酯股份有限公司  山东烟台 264002）

摘  要： 制备了不同2,4'-MDI含量、总二环产物含量的多亚甲基多苯基多异氰酸酯(聚合MDI)样品，分别对其在CFC-11和环戊烷发泡体系中的流动性和脱模性能进行考察。实验结果表明2,4'-MDI含量对聚合MDI应用性能的影响在CFC-11发泡体系和环戊烷发泡体系表现出相同的规律性，其对发泡流动性影响较小，而对后熟化的影响明显，随2,4'-MDI含量的增加，脱模变形呈直线上升的趋势。与此对应，无论是CFC-11发泡体系还是环戊烷发泡体系，总二环化合物含量对聚合MDI的发泡流动性能和后熟化性能影响均很大，是影响聚合MDI应用性能的关键因素。总二环化合物含量的增加，可以显著地提高泡沫的发泡高度指数和降低密度分布系数，改善聚合MDI的发泡流动性能，而泡沫的脱模变形量增大，后熟化性能明显变差。
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1  前言

聚氨酯以其材料性能优良、加工成型方便而在工业及日常生活的各个领域获得广泛的应用。作为聚氨酯材料最重要的品种之一的硬质聚氨酯泡沫塑料，在制造使用过程中所广泛采用的性能优良CFC-11发泡剂，因其众所周知的对大气臭氧层的破坏原因，根据蒙特利尔协议而被规定为限期禁用。近年来在全球科技界的共同努力下，一些性能良好的CFC-11替代发泡体系，如HCFC-141b、环戊烷、异戊烷、环戊烷/异戊烷、CO2等，已成功地用于硬质聚氨酯泡沫塑料的制造[1~5]。

然而，作为硬质聚氨酯泡沫塑料重要原料之一，多次甲基多苯基多异氰酸酯（简称聚合MDI或PAPI）与不同发泡体系的适应性研究报道较少，工作开展得尚不够充分。我们知道：多亚甲基多苯基多异氰酸酯(聚合MDI)是由亚甲基架桥的二环、三环、……、八环等多苯环芳香族异氰酸酯构成的混合物，其中二苯环化合物占40％～50％，三苯环化合物占20％～35％，其余占15％～40％[6,7]。聚合MDI的组成不同，其平均官能度不同；NCO基团的位置不同，其反应活性不同，导致聚合MDI的应用性能和聚氨酯制品性能的不同。而发泡体系的改变，必将影响聚合MDI的应用性能和制品性能。通过不同发泡体系中聚合MDI的组成与性能定量关系的对比研究，研制开发出适应不同发泡体系的聚合MDI，对促进CFC-11替代具有重要的理论意义和实际意义。

电冰箱、冷藏柜等电器工业保温隔热已成为硬质聚氨酯泡沫塑料最重要的终端用户。这些行业都是通过定量浇注和快速脱模的方式来进行发泡的。发泡过程中，由于发泡空间形状复杂，泡沫在固化前必须流经相当长的一段距离，要求聚合MDI必须具有良好的流动性、发泡倍率和后熟化性能，使泡沫均匀地充满整个发泡空间、保证过充填率、脱模时不变形等，确保制品的密度分布系数、抗压强度、尺寸稳定性等性能指标[8,9]。因此，我们选择对比研究在不同发泡体系中用于电器工业硬质聚氨酯泡沫塑料的聚合MDI组成与性能关系，重点研究聚合MDI中的2,4'-MDI和二苯环化合物总量与聚氨酯硬泡发泡料的流动性、发泡倍率和后熟化性能的关系。

2  实验部分 [10]
2.1  主要原材料

组合聚醚A：顺德容威合成材料有限公司CFC-11型；组合聚醚B：南京红宝丽股份有限公司环戊烷（CP）型；聚合MDI：自制。

2.2  实验仪器

发泡流动性检测装置：Ф80×1500mm的垂直爬升模具，其下端密封，上端开口，模具外部带有保温夹套。发泡脱模变形模具：250×250×80mm方模。

2.3  实验方法

聚合MDI的应用性能以发泡的流动性和后熟化性能两项指标来评价，这两项指标分别以高度指数、密度分布系数和脱模变形量来表示。高度指数越大、密度分布系数越小，表示聚合MDI的流动性越高；脱模变形量越小，表示聚合MDI的后熟化性能越好，则聚合MDI的应用性能越好。

通过检测聚合MDI样品与组合聚醚发泡时的发泡流动性和发泡脱模变形来检测2,4'-MDI含量、总二环化合物含量对聚合MDI发泡性能的影响。本实验全部过程中保持各种原料温度20±0.1℃，室内温度21～22℃。

2.3.1  发泡流动性实验

将恒温的聚合MDI样品及组合聚醚按一定比例称量后加入到塑料烧杯中，经高速搅拌10 s后从模具的上端倒入恒温40℃的模具中进行发泡。待其完全熟化后打开模具，取出泡沫体，去除边角和毛刺，用天平称出泡沫的质量，并测量出泡沫体的高度，按高度指数=泡沫高度/泡沫质量，计算出样品的发泡高度指数，单位为cm/g。然后将泡沫体按相同的高度均分成20份，分别测算其密度，再计算出密度均方根偏差S，为密度分布系数。

2.3.2  发泡脱模变形

将恒温的聚合MDI样品及组合聚醚按一定比例称量后加入到塑料烧杯中，经高速搅拌10 s后倒入模温保持40℃的方模内进行发泡。保压6 min后，迅速开启模具，用游标卡尺测量泡沫体中心的变形程度，单位为mm。

3  结果与讨论

硬质聚氨酯泡沫塑料的制造是聚合MDI、组合聚醚、发泡剂反应与发泡的协同过程，其制造过程及性能取决于三者的性质与配伍性。在聚合MDI中，每种组分的官能度及NCO基团的反应活性不同，对其发泡流动性和脱模变形的影响程度不同。除组合聚醚的因素外，发泡剂与聚合MDI的配伍性和反应的协同性是影响硬质聚氨酯泡沫塑料制造的重要因素。为使聚合MDI产品具有理想的综合性能，有必要对不同发泡体系中聚合MDI各种主要成分对发泡流动性和后熟化性能的影响程度进行定量研究，寻找影响规律，指导开发适应不同发泡体系的聚合MDI。生产与实验结果表明：聚合MDI的基本组成是由苯胺与甲醛缩合产物的组成决定的，调整缩合的工艺条件，可在一定的范围内调整聚合MDI的各环化合物组成比例，而在工业生产中，通过调整粗MDI的分离比例，可在较大的范围内改变总二环化合物及各异构体的含量。由于二环化合物含量的可调性及在聚合MDI中占较大比例，本工作重点考察二环化合物及其异构体含量对聚合MDI应用性能的影响规律。

3.1  2,4'-MDI含量与聚合MDI应用性能的关系

在二环化合物异构体中，2,2'-MDI含量较低，对产品性能的影响较小。与4,4'-MDI相比，2,4'-MDI 2位取代的NCO具有更大的空间位阻，对聚合MDI的发泡流动性和后熟化性能的影响较大，首先对其加以考察。采用同一高粘度聚合MDI母液，用高2,4'-MDI含量的多异氰酸酯M50和M100调配，控制总二环含量相同，配制了2,4'-MDI含量不同的5个样品。然后分别以组合聚醚A和组合聚醚B测定其发泡高度指数、密度分布系数和6 min脱模变形值。

表1  不同2,2'-MDI含量的聚合MDI样品的组成

	    样品号
	1
	2
	3
	4
	5

	2,4'-MDI质量分数％
	0.64
	2.62
	6.60
	9.91
	13.88

	4,4'-MDI质量分数/％
	40.64
	38.66
	34.69
	31.37
	27.40

	二环化合物总体质量分数/％
	41.28
	41.28
	41.28
	41.28
	41.28

	三环化合物质量分数％
	23.71
	23.71
	23.71
	23.71
	23.71


3.1.1  聚合MDI中2,4'-MDI含量对聚氨酯硬泡体系发泡高度指数的影响

2,4'-MDI质量分数对聚合MDI与两种组合聚醚发泡体系高度指数的影响见表2。

表2  不同2,4'-MDI含量的聚合MDI与聚醚A和B发泡的高度指数(cm/g)

	2,4'-MDI含量/％
	0.64
	2.62
	6.60
	9.91
	13.88

	聚醚A
聚醚B
	0.5643
0.5275
	0.5631
0.5282
	0.5718
0.5238
	0.5672
0.5239
	0.5623
0.5217


3.1.2  聚合MDI中2,4'-MDI含量对聚氨酯硬泡发泡密度均匀度的影响

不同2,4'-MDI质量分数的聚合MDI与聚醚A和B发泡的密度分布系数见表3。

表3  不同2,4'-MDI含量的聚合MDI与聚醚A和B发泡的密度分布系数

	2,4'-MDI含量/％
	0.64
	2.62
	6.60
	9.91
	13.88

	聚醚A
聚醚B
	2.21
3.21
	2.64
3.65
	2.68
3.68
	2.61
3.60
	2.59
3.36


3.1.3  聚合MDI中2,4'-MDI含量对聚氨酯硬泡体系脱模性的影响

浇注、合模后6 min脱模，泡沫塑料变形量与聚合MDI中2,4'-MDI质量分数的关系见表4。

表4  不同2,4'-MDI含量的聚合MDI与聚醚A和B发泡的脱模变形(mm)

	2,4'-MDI含量/％
	0.64
	2.62
	6.60
	9.91
	13.88

	聚醚A
聚醚B
	4.34
3.56
	4.58
3.54
	4.78
3.96
	5.00
4.10
	5.80
4.26


从表2、表3和表4可以看出：无论是CFC-11发泡体系还是CP发泡体系，在实验范围内不同2,4'-MDI含量的聚合MDI发泡高度指数变化率仅2％～3％，考虑到实验误差，可见在两种发泡体系中2,4'-MDI含量对泡沫上升高度指数的影响很小。在两种发泡体系中，泡沫密度分布系数随2,4'-MDI含量的增加均呈现先升后降的变化趋势，只是在CP发泡体系先升后降的变化规律更加明显，但最大变化率均不超过30％。从高度指数和密度分布系数看，对应于相同的2,4'-MDI含量，CFC-11发泡剂的发泡性能要好于CP发泡剂。与高度指数和密度分布系数的变化规律不同，聚合MDI的2,4'-MDI含量无论对CFC-11发泡体系还是对CP发泡体系的发泡脱模变形的影响均较大。随2,4'-MDI含量的增加，CFC-11发泡体系和CP发泡体系的脱模变形均呈现直线上升的趋势。对应于相同的2,4'-MDI含量，CFC-11发泡体系的泡沫脱模变形大于CP发泡体系。2,4'-MDI含量的增加导致脱模变形增大可归因为2,4'-MDI中2-位取代的NCO空间位阻大，反应活性低，这与理论推测相一致。

需要指出，相同2,4'-MDI含量的聚合MDI在不同发泡体系中所产生的高度指数、密度分布系数和脱模变形的差异不应完全归因于发泡剂的不同，还与组合聚醚的性质相关。另外，上述结果实际是由2,4'-MDI和4,4'-MDI两者的共同贡献，因在二环类化合物总量不变的情况下，仅有一个独立变量。

从上述讨论可以得出结论：无论是CFC-11发泡体系还是CP发泡体系，2,4'-MDI含量对聚合MDI的发泡流动性影响较小，不宜通过改变2,4'-MDI的含量来改变聚合MDI发泡体系的发泡流动性；与此相比，聚合MDI中的2,4'-MDI含量对发泡工艺的脱模性影响明显，随2,4'-含量的增加，脱模膨胀量呈直线上升的趋势，说明2,4'-MDI含量的增加对泡沫的后熟化有不良影响，在要求快速脱模的情况下，必须控制2,4'-MDI的含量。

3.2  聚合MDI中二环化合物总量对发泡性能的影响

在二环化合物中，4,4'-MDI占有90％～95％的比例，聚合MDI中二环化合物总量对发泡性能的影响主要来自4,4'-MDI的贡献，了解总二环化合物含量对聚合MDI发泡性能的影响规律，可有效地指导聚合MDI的实际分子设计。同一高粘度母液，调整总二环化合物含量，维持2,4'-MDI/4,4'-MDI的质量比一定（5/95），配制一组样品。分别检测其粘度、NCO含量，并分别与组合聚醚A和组合聚醚B进行发泡试验，测定其发泡高度指数、密度分布系数和6 min脱模变形值。

表5 不同的二环化合物总含量的聚合MDI样品的组成

	样品号
	1
	2
	3
	4
	5
	6
	7


	二环/多环
	0.25/1
	0.375/1
	0.5/1
	0.625/1
	0.75/1
	0.875/1
	1/1

	二环含量/％
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	粘度/mPa·s
	1680
	693
	450
	282
	198
	150
	120

	NCO质量分数/％
	29.85
	30.25
	30.53
	30.81
	30.97
	31.24
	31.33


3.2.1  聚合MDI中二环化合物总量对聚氨酯发泡高度指数的影响

聚合MDI中的总二苯环化合物质量分数对聚合MDI与组合聚醚A和B发泡高度指数的影响见表6。

表6  不同总二环化合物含量的聚合MDI与聚醚A和B发泡的高度指数(cm/g)

	总二环质量分数/％
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	聚醚A
聚醚B
	0.4897
0.4723
	0.5211
0.5045
	0.5432
0.5145
	0.5589
0.5204
	0.5716
0.5283
	0.5791
0.5313
	0.5811
0.5449


3.2.2  聚合MDI中二环化合物总量对聚氨酯发泡密度均匀度的影响

聚合MDI的总二苯环化合物质量分数对它与组合聚醚A和B发泡密度均匀度的影响见表7。

表7  不同总二环化合物含量的聚合MDI与聚醚A和B发泡的密度分布系数

	总二环质量分数％
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	聚醚A
聚醚B
	3.59
3.54
	3.28
3.76
	3.30
3.58
	2.84
3.15
	2.90
3.22
	3.00
2.67
	2.90
2.24


3.2.2  聚合MDI中二环化合物总量对聚氨酯发泡脱模变形的影响

6 min脱模，聚合MDI的总二苯环化合物质量分数对它与组合聚醚A或组合聚醚B发泡制成泡沫的脱模变形的影响见表8。

表8  不同总二环化合物含量的聚合MDI与聚醚A和B发泡脱模变形(mm)

	总二环质量分数/％
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	聚醚A
聚醚B
	3.36
2.62
	3.56
3.06
	3.66
3.18
	4.14
3.40
	4.53
3.52
	5.31
3.94
	5.54
4.24


实验结果表明：随着总二环化合物含量的增加，无论是CFC-11发泡体系还是CP发泡体系，与聚合MDI的发泡高度指数均呈增长的趋势，只是前者的增长速度快于后者。在总的二环化合物质量分数为42％之前，两者的增长速度均较快，超过42％后，增长速度明显变缓，达到50％以后，基本趋于平坦，说明再增加二环化合物的含量对改善发泡流动性已无意义。总起来讲，总二环化合物含量的增加有利于提高泡沫的密度分布均匀程度，只是两种发泡体系的密度分布系数对总二环化合物含量表现出不同的变化规律。在CFC-11发泡体系中，随总二环化合物含量的增加，密度分布系数呈现先快后慢的下降趋势，并且变化幅度相对较小。当总二环化合物质量分数达37％以上后，密度分布系数基本不变，说明再增加总二环化合物含量已不能提高泡沫的密度分布均匀程度。与此相反，在CP发泡体系中，随总二环化合物含量的增加，密度分布系数呈现先慢后快急剧下降的趋势，并且变化幅度相对较大。在二环化合物质量分数为32％之前，密度分布系数较大且变化幅度很小，35％之后快速下降，在50％的含量时，其密度分布系数较CFC-11发泡体系小。造成此变化规律的原因可能归因于聚合MDI的反应速度与发泡剂的协同状况。总二环化合物含量较低，聚合MDI的初始反应速度较低，放热量小，因CP的沸点较CFC-11发泡剂的沸点高，汽化困难，而此二环化合物含量的聚合MDI与聚醚形成的高聚物的强度大，发泡性能差，导致泡沫的密度分布均匀程度较低。无论对聚醚A还是聚醚B，6 min脱模变形随二环化合物含量的增加，呈现明显的上升趋势，并且二环化合物含量越高，其增加速度越快，特别超过43％后，6 min脱模变形量快速增大，后熟化性能明显变差。对后熟化性能要求较高的聚合MDI，其二环化合物质量分数不宜超过45％。

从上述讨论可以得出结论：无论是CFC-11发泡体系还是CP发泡体系，总二环化合物含量对聚合MDI的发泡流动性及后熟化性能影响较大，其含量增加，可以显著地提高泡沫的发泡高度指数和降低密度分布系数，改善聚合MDI的发泡流动性能，但泡沫的脱模变形量增大，后熟化性能明显变差，聚合MDI中的二环化合物质量分数以不超过47％为宜。

4  结论

在总二环化合物含量一定时，2,4'-MDI含量对聚合MDI应用性能的影响在CFC-11发泡体系和环戊烷发泡体系表现出相同的规律性，其对发泡流动性影响较小，而对后熟化的影响明显。随2,4'-MDI含量的增加，脱模变形呈直线上升的趋势，而高度指数和密度分布系数变化较小，说明不宜通过改变2,4'-MDI的含量来改变聚合MDI的发泡流动性，在要求快速脱模的情况下，必须控制2,4'-MDI的含量。与此对应，无论是CFC-11发泡体系还是CP发泡体系，二环化合物总量对聚合MDI的发泡流动性能和后熟化性能影响均很大，是影响聚合MDI应用性能的关键因素。二环化合物含量的增加，可以显著地提高发泡高度指数和降低密度分布系数，改善聚合MDI的发泡流动性能，但泡沫的脱模变形量增大，后熟化性能明显变差。密度分布系数与总二环化合物含量的关系在两种发泡体系中表现出不同的变化规律。随总二环化合物含量的增加，在CFC-11发泡体系，密度分布系数呈现先快后慢的下降趋势，在CP发泡体系，呈现先慢后快急剧下降的趋势。综合考虑发泡高度指数、密度分布系数和后熟化性能，无论是CFC-11发泡体系还是CP发泡体系，总二环化合物质量分数以40％～45％为宜。
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The Study of the Effect of the 2-Ring MDI Isomer Content of Polymeric MDI on the Properties of Rigid PU Systems
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Abstract: Varieties of polymeric MDI containing the different MDI isomer contents were prepared, and their foaming performances were investigated respectively in CFC-11 blowing system and cyclopentane blowing system. Experiment results indicated that the influences of 2,4'-MDI content on the application performance of polymeric MDI were the same in both the blowing systems. The foaming flowability of polymeric MDI was almost independent of 2,4'-MDI content, but increase in 2,4'-MDI content resulted in linear rise of demoulding deformation. In contrast, the total 2-ring MDI content showed marked influence on both foaming flowability and curing of polymeric MDI, and was a key effect factor to its application performance not only in CFC-11blowing system but also in cyclopentane blowing system. With the increase in total 2-ring MDI content, foaming height exponent would rise and density distribution coefficient would drop significantly, foaming flowability was bettered. On the contrary, demoulding deformation would grow, curing performance was degraded.
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A Comparative Study on the Relationship of Application Performance with the 2-ring MDI Content of Polymeric MDI in CFC-11 and Cyclopentane Blown Systems
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(Yantai Wanhua Polyurethane Co., Ltd., Shandong Yantai 264002)
Abstract: Varieties of polymeric MDI containing the different MDI isomer contents were prepared, and their foaming performances were investigated respectively in CFC-11 blown system and cyclopentane (CP) blown system.  Experimental results indicate that the influences of 2,4'-MDI content on the application performance of polymeric MDI are the same in both systems.  The foaming flowability of polymeric MDI is almost independent of 2,4'-MDI content, but the increase in 2,4'-MDI content results in linear increase of demoulding deformation.  In contrast, the total 2-ring MDI content shows marked influence on both foaming flowability and curing performance of polymeric MDI, and is a key factor to its application performance not only in CFC-11 blown system but also in CP blown system.  With the increase in total 2-ring MDI content, foaming height exponent significantly rises, and density distribution coefficient significantly drops, indicating improved foaming flowability; on the contrary, demoulding deformation grows and curing performance debases.
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1. INTRODUCTION

Polyurethane (PU) has been broadly used in various industries and livings for its superior performances and its convenient processiblity.  According to the Montreal Protocol, CFC-11, an excellent blowing agent widely used in polyurethane rigid foam (PURF), has been prescribed to prohibit with time limit due to its nonzero ODP (Ozone Depletion Potential).  With the effort of the global scientific community, some blowing agents substituting for CFC-11, such as HCFC-141b, cyclopentane, isopentane, cyclopentane/ isopentane, CO2, etc. have been successfully used in PURF in the last few years.

However, there are few reports on the adaptability of polymeric MDI (PAPI) to different blowing systems, indicating the lack of significant research works devoting to this area.  Polymeric MDI is well known to be the mixture of polyphenyl polymethylene polyisocyanate, including 2 benzene ring MDI (40-50 wt%), 3 benzene ring MDI (20-35 wt%) and others (15-40 wt%).  Different compositions of Polymeric MDI result in different average functionality; different substitution orientations of NCO result in different reactivity, resulting different application and produce performances of polymeric MDI.  On the contrary, the change of blowing system will certainly affect the application and produce performances of polymeric MDI.  By quantitatively studying the relationship between compositions and performances of polymeric MDI, we have developed a series of polymeric MDI adaptive to different blowing systems, which has important academic and practical meanings to accelerate the replacement of CFC-11.

Consumer appliances, such as refrigerators, freezers, etc. have been the most important end-users.  In these industries, quantitative pouring and rapid demoulding are adopted for blowing.  During the foaming process, due to complex internal shape of the mound, foams need to flow quite a long distance prior to curing, therefore polymeric MDI is required to have good flowability, foaming ratio and curing performance, so that foams can brim the whole space, and have no deformation as pouring and demoulding, ensuring density distribution coefficient, compressive strength and dimensional stability to meet the specifications.  Therefore, we studied the relationships in different blowing systems of application performances with the compositions of polymeric MDI used in consumer appliances, especially the relationships between 2,4’-MDI content, total 2-ring MDI content and flowability, foaming ratio, curing performance of polymeric MDI.

2. EXPERIMENTAL

2.1 Materials

Polyether blend A ( CFC-11-blown system)

Polyether blend B (cyclopentane (CP)-blown system)

Polymeric MDI: Yantai Wanhua Co. Ltd.

2.2 Apparatus

Equipment for measuring foaming flowability: vertical climbing mould (80*1500 mm), with ringent upside, hermetic underside and thermal insulation interlayer

Demoulding-deformation mould: square mould (250*250*80mm)

2.3 Experimental Method

Foaming flowability and curing performance are the two indexes to evaluate the application performance of polymeric MDI.  These two indexes are respectively denoted with height exponent, density distribution coefficient and demoulding deformation.  Higher value of height exponent and lower value of density distribution coefficient indicates better flowability of polymeric MDI; less demoulding deformation indicates better curving performance and better application performance of polymeric MDI.

We investigated the effects of 2,4'-MDI content and total 2-ring MDI content on foaming performances by measuring flowability and demoulding deformation.

In the experiment, material temperature = 20(0.1℃, room temperature = 21-22℃.

2.3.1 Foaming Flowability Experiment

Add the polymeric MDI sample (in the constant temperature) and polyether blend into a plastic beaker in a certain ratio.  After stirring 10s at a high rate, pour the mixture into the mould (40℃) for blowing.  After completely curing, break out the foam, wipe off corners and burs, measure its weight (G) and height (H), figure out foaming height exponent (H/G, cm/g).  Cut the foam into equal twenty segments, calculate density (ρ) and density distribution coefficient S（
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）respectively.

2.3.2 Foaming Demoulding Deformation

Add the polymeric MDI sample (in the constant temperature) and polyether blend into a plastic beaker in a certain ratio.  After stirring 10s at a high rate, pour the mixture into the square mould (40℃) for blowing.  After keeping pressure six minutes, open the mould rapidly.  Measure deformation degree of foam center (mm) with vernier caliper.

3  RESULTS AND DISCUSSION

PURF's manufacture is the cooperation process between foaming and reacting in polymeric MDI, polyether blend and blowing agent, and the productive process and PURF’s performances are depended on properties and cooperativity of the above three factors (polymeric MDI, polyether blend and blowing agent).  Each composition in polymeric MDI has characteristic functionality and reactivity, resulting different effect on flowability and demoulding deformation.  Besides polyether blend, the cooperativity of polymeric MDI and blowing agent is a key factor to PURF's manufacture.  It is necessary to have a quantitative research on the influence degree of each composition on flowability and curing performance, and search the rules to guide us to develop perfect polymeric MDI suiting for different blowing systems.  As indicated in production and experiment, the condensation products of aniline and formaldehyde determine the basic compositions of polymeric MDI.  By adjusting technical parameters of condensation, the proportions of each isomer in polymeric MDI can be adjusted in a certain range.  In production, we could change the content of total 2-ring MDI and isomers in a large range by adjusting separation ratio of rude MDI.  As 2-ring MDI content is alterable and significant, we focus on the influence of 2-ring MDI content and 2-ring MDI isomers content on the application performance of polymeric MDI in the experiment.

3.1 Relationships Between 2,4'-MDI Content and Application Performance of Polymeric MDI

Among the isomers of 2-ring MDI, 2,4'-MDI content is relatively lower and product performances are almost independent of it.  Comparing with 4,4'-MDI, 2-substitutional-NCO of 2,4'-MDI has higher steric hindrance effect and has relatively greater influence on foaming flowability and curing performance.  So the effect of 2,4'-MDI content is firstly discussed.

In the experiment, M50 with high 2,4'-MDI content and M100 are used.  By controlling total 2-ring content to be the same, five samples with different 2,4'-MDI content are prepared.  Then measure foaming height exponent, density distribution coefficient and six-minute-demoulding deformation with Polyether blend A and Polyether blend B.

Table 1. Compositions of Polymeric MDI Samples with Different 2,4'-MDI Content

	Sample Number
	1
	2
	3
	4
	5

	2,4'-MDI Content (%)
	0.64
	2.62
	6.60
	9.91
	13.88

	4,4'-MDI Content (%)
	40.64
	38.66
	34.69
	31.37
	27.40

	Total 2-ring MDI Content (%)
	41.28
	41.28
	41.28
	41.28
	41.28

	3-ring MDI Content (%)
	23.71
	23.71
	23.71
	23.71
	23.71


3.1.1 Effect of 2,4'-MDI Content on Foaming Height Exponent 

Table 2. Foaming Height Exponents (cm/g)

	2,4'-MDI Content (%)
	0.64
	2.62
	6.60
	9.91
	13.88

	Polyether Blend A
	0.5643
	0.5631
	0.5718
	0.5672
	0.5623

	Polyether Blend B
	0.5275
	0.5282
	0.5238
	0.5239
	0.5217


3.1.2 Effect of 2,4'-MDI Content on Foaming Density Distribution

Table 3. Foaming Density Distribution Coefficients

	2,4'-MDI Content (%)
	0.64
	2.62
	6.60
	9.91
	13.88

	Polyether A
	2.21
	2.64
	2.68
	2.61
	2.59

	Polyether B
	3.21
	3.65
	3.68
	3.60
	3.36


3.1.3 Effect of 2,4'-MDI Content on Foaming Demoulding Deformation

Table 4. Foaming Six-minute-Demoulding Deformation Values (mm)

	2,4'-MDI Content (%)
	0.64
	2.62
	6.60
	9.91
	13.88

	Polyether A
	4.34
	4.58
	4.78
	5.00
	5.80

	Polyether B
	3.56
	3.54
	3.96
	4.10
	4.26


As shown in Table 2, Table 3, in both CFC-11 blown system and CP blown system, there are only 2-3% variation in foaming height exponent when varying 2,4'-MDI content in our entire experiments.  Considering experimental error, it is obvious that 2,4'-MDI content has little influence on the height exponent.  In the both systems, with the increase in 2,4'-MDI content, density distribution coefficient shows a common trend─ rising firstly and then dropping, just the tread is more visible in CP blown system.  But the both maximal variation are no more than 30%.  Analyzing from height exponent and density distribution coefficient, we could conclude that CFC-11 foams are better than CP foams on foaming performances corresponding to the same 2,4'-MDI content.

Different from the variational rules of height exponent and density distribution coefficient, 2,4'-MDI content has relatively significant influence on foaming demoulding deformation in both CFC-11 blown system and CP blown system.  In the both system, with the increase in 2,4'-MDI content, demoulding deformation shows a common linear uptrend, just the demoulding deformation in CFC-11 blown system is more serious than in CP blown system corresponding to the same 2,4'-MDI content.  The reason that the increase in 2,4'-MDI content resulting in linear increase of demoulding deformation can be attributed to high steric hindrance and low reactivity of 2-substitutional-NCO.

What should be pointed out are as follows: the differences on height exponent, density distribution coefficient and demoulding deformation should not be only attributed to blowing agent, but are also closely linked with properties of polyether blend.  In addition, such differences are the collective contribution of both 2,4'-MDI and 4,4'-MDI, therefore, there has only one variable, with a fixed total 2-ring MDI content.

The following conclusions can be drawn from above discussions: 

Whether in CFC-11 blown system or in CP blown system, the effect of 2,4'-MDI content on foaming flowability is relatively insignificant.  So it is not appropriate to improve flowability by changing 2,4'-MDI content.  In contrast, the effect of 2,4'-MDI content on foaming demoulding deformation is significant.  The increase in 2,4'-MDI content results in linear increase of demoulding deformation, indicating that it has negative impact on curing performance.  In the instance with rapid demoulding required, 2,4'-MDI content should be controlled strictly.

3.2 Effects of Total 2-Ring MDI Content on the Performances of Polymeric MDI 
In the total 2-ring MDI, 4,4'-MDI occupies 90-95% proportion, i.e., the effects of total 2-ring MDI content on foaming performance mainly contributes to 4,4'-MDI.  So finding out the influence rules can effectively guide us to design the molecular structure of polymeric MDI. 

In the experiment, we prepared a set of samples, with total 2-ring MDI content varied and ratio of 2,4'-MDI/4,4'-MDI fixed (5/95).  Measure viscosity and NCO content of each sample.  Then mix with Polyether blend A and Polyether blend B respectively.  Measure foaming height exponent, density distribution coefficient and six-minute-demoulding deformation.

Table 5. Polymeric MDI Samples with Different Total 2-ring MDI Content

	Sample Number
	1
	2
	3
	4
	5
	6
	7

	2-ring/ Poly-ring
	0.25/1
	0.375/1
	0.5/1
	0.625/1
	0.75/1
	0.875/1
	1/1

	2-ring Content (%)
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	Viscosity (mPa·s)
	1680
	693
	450
	282
	198
	150
	120

	NCO Content (%)
	29.85
	30.25
	30.53
	30.81
	30.97
	31.24
	31.33


3.2.1 Effect of Total 2-ring MDI Content on Foaming Height Exponent

Table 6. Foaming Height Exponents (cm/g)

	Total 2-ring Content (%)
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	Polyether A
	0.4897
	0.5211
	0.5432
	0.5589
	0.5716
	0.5791
	0.5811

	Polyether B
	0.4723
	0.5045
	0.5145
	0.5204
	0.5283
	0.5313
	0.5449


3.2.2 Effect of Total 2-ring MDI Content on Foaming Density Distribution

Table 7. Foaming Density Distribution Coefficients

	Total 2-ring Content (%)
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	Polyether A
	3.59
	3.28
	3.30
	2.84
	2.90
	3.00
	2.90

	Polyether B
	3.54
	3.76
	3.58
	3.15
	3.22
	2.67
	2.24


3.2.3 Effect of Total 2-ring MDI Content on Foaming Demoulding Deformation

Table 8. Foaming Demoulding Deformation Values (mm)

	Total 2-ring content (%)
	20.00
	27.27
	33.33
	38.46
	42.86
	46.67
	50.00

	Polyether A
Polyether B
	3.36
2.62
	3.56
3.06
	3.66
3.18
	4.14
3.40
	4.53
3.52
	5.31
3.94
	5.54
4.24


The experimental results indicating:

Whether in CFC-11 blown system or in CP blown system, with the increase in total 2-ring MDI content, foaming height exponent shows a common uptrend, just the increasing rate in CFC-11 blown system is higher than in CP blown system.  When total 2-ring MDI content is less than 42%, height exponents of the both systems increase quickly with total 2-ring MDI content; after that, the increasing rate slower; when total 2-ring MDI content is over than 50%, height exponents do not increase any longer, indicating that reincreasing total 2-ring MDI content has no meaning to improve flowability.  In total, the increase in total 2-ring content is favorable to improve foam density distribution, simply the variation rules are different from each other.

In CFC-11 blown system, with the increase in total 2-ring content, density distribution coefficient shows a first-quick-then-slow downtrend and variation is comparatively less.  When the total 2-ring content exceeds 37%, density distribution coefficient is basically invariable with total 2-ring content, showing that reincreasing total 2-ring MDI content has no meanings to improve foam density distribution coefficient.

On the contrary, in CP blown system, with the increase in total 2-ring content, density distribution coefficient shows a first-slow-then-quick downtrend and variation is comparatively larger.  When the total 2-ring MDI content is less than 32%, density distribution coefficient is high with less dependence on 2-ring content.  When the 2-ring content exceeds 35%, density distribution coefficient decreases rapidly with 2-ring content.  Comparing with CFC-11 blown system, density distribution coefficient of CP blown system is relatively less at 50% content.

Such phenomenon may be contributed to cooperativity between polymeric MDI and blowing agent.  When total 2-ring MDI content is relatively lower, the reactive rate and the released heat are also lower.  But CP's boiling point is higher than CFC-11's, resulting in CP gasification difficult.  Polymerization products of polymeric MDI with such lower total 2-ring MDI content and polyethers have good mechanical strength and undesirable foaming performances, resulting in lower density distribution coefficient.

Whether to Polyether blend A or to Polyether blend B, with the increase in total 2-ring MDI content, six-minute-demoulding deformation increases significantly, and the increasing rate is more and more rapid.  Especially when total 2-ring MDI content is over 43%, demoulding deformation increases rapidly, and curing performance degrades obviously.  So total 2-ring content is not desirable to over 45% for those polymeric MDI with particular requirement to curing performance.

The following conclusions can be drawn from above discussions: 

Whether in CFC-11 blown system or in CP blown system, total 2-ring MDI content has significant influence on both foaming flowability and curing performance of polymeric MDI.  With the increase in total 2-ring MDI content, foaming height exponent significantly rises, and density distribution coefficient significantly drops, indicating improved foaming flowability; on the contrary, demoulding deformation grows and curing performance debases.  Total 2-ring MDI content is not desirable more than 47%.

4. CONCLUSIONS

With the total 2-ring MDI content fixed, the influences of 2,4'-MDI content on the application performance of polymeric MDI are the same in both CFC-11 blown systems and CP blown system.  2,4'-MDI content has little influence on foaming flowability, but has marked influence on curing performance.  The increase in 2,4'-MDI content results in linear increase of demoulding deformation and little change of height exponent and density distribution coefficient, indicating that it is not appropriate to improve flowability by changing 2,4'-MDI content.  In the instance with rapidly demoulding inquired, 2,4'-MDI content should be controlled strictly.

In contrast, the total 2-ring MDI content shows marked influence on both foaming flowability and curing performance of polymeric MDI, and is a key factor to its application performance not only in CFC-11 blown system but also in CP blown system.  With the increase in total 2-ring MDI content, foaming height exponent significantly rises, and density distribution coefficient significantly drops, indicating improved foaming flowability; on the contrary, demoulding deformation grows and curing performance degraded.  The connections between density distribution coefficient and total 2-ring content are dissimilar in the both systems.  With the increase in total 2-ring content, density distribution coefficient shows a first-quick-then-slow downtread in CFC-11 blown system, while a first-slow-then-quick downtrend in CP blown system.  Considering foaming height exponent, density distribution coefficient and curing performance together, desirable total 2-ring content is 40-45% in both CFC-11 blown system and CP blown system. 
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